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PART  II. 

INORGANIC    CUEMISTRY. 


CILVPTER  I. 

NOUeXCLATUBS CLASSiriCATION    OP  TBB    ELEUEKTR. 

(381)  Principle  of  Chemical  Nomenclature. — Before  proceed* 
iii{  lo  a  ilescriptiou  of  tlie  chemical  properties  of  tlie  diRcrcnt  ele> 
UiT  snbBtancn,  atiit  of  tlic  compounds  which  arc  the  reaiilt  of 
union  with  each  other,  it  will  be  needful  to  explaio  the 
pnnciplea  upon  nhicb  the  nomcoclaturc  id  use  amongHt  cheniuts 
bi  hecn  founded.  Tlie  object  of  the  ioventom  of  this  langniage 
tM,  not  mcrclj*  to  give  a  distingiitsliiti^  bbioc  to  tlic  aubstanccs 
ipcJivn  of,  but  alw  to  convey  a  knnirledge  of  their  oomponeDta, 
eren  of  the  proportions  in  which  those  eomponenta  occur.  la 
IcM  complicate)  Huhntauces  ivith  which  the  chemist  has  to  deal, 
dn  object  is  very  completely  att^nccl.  In  thoae  of  B  more  com- 
pla  nature,  the  employment  of  symbols  (15)  becomes  neceMmry, 
ia  order  to  enable  tlic  comjrasitioD  of  the  body  to  be  fully  iodl- 
oied.  Bad  the  formula  of  &  NuliHtiince,  cupecially  if  the  aubslance 
It  derircd  from  the  animal  or  the  vegetable  kingdom,  becomes  a 
Beeesasry  aapplcment  to  its  nume. 

1.  Elemmta. — In  the  case  of  the  elementary  bodies,  the 
OMnmon  name  of  each  \%  uauully  that  by  which  it  is  distin^iflhed 
fa  diemical  taiigoa^e,  if  the  sabetance — as  ia  the  caae  with  many 
of  the  metals,  sacb  aa  lead,  iron,  copper,  or  xinc — be  one  which  is 
buGarly  known :  if  it  bo  a  body  which  the  researches  of  the 
dwniat  bare  brmigiit  to  light,  the  name  is  generally  indicative  of 
nne  nuu'ked  peculiarity  by  which  the  element  is  characterized. 
IhiB  phosphorus  ('  tlic  light  bearer')  is  so  named  beruu»e  when 
KjKMed  to  tJie  air  it  emits  a  feeble  light  which  i»  \\&\h\e  in  a 
IstEsed  rootn  ;  iodine  (Icri\'cs  its  nsme  from  the  violet  colour  of 
it»  vnponr ;  hydrogen  ('  producer  of  water'),  from  the  ciicuiostance 
ikit  it  is  a  uecesaaiy  component  of  water;  and  so  on. 

a 
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Tlio  nttempt  to  introduoo  a  strictly  njsliniiDtie  oomeii 
for  the  clemcntaiy  substances  has  failed,  owing  to  llic  sti 
whielt  tbc  popular  iiiunc!i   of  tliow  in  familJAr  tine  have 
apoa  the  language ;  but  in  the  case  of  tbe  more  rceeutly  di» 
netuls  a  coramoti  terniiiiation  iu  um  luu  been  aligned  to  tlu 
for  example,  palladium,  ii-iclium,  osmium,  potafisiuw,  sodinm,  i 
mim,  &c.     Among  the  Qoii-mctallic  elements  analogies  arc 
poiutcd  out  by  a  similarity  in  the  termination  of  the  name: 
chlorine,   iodine,  bromine,  and  lluoriiie,  Imro  oimilnr  prop 
and  tbe  cxixtcncc  of  a  certain  sualogy  between  boron  and 
ts  indicntod  by  thc'common  termination  of  both. 

2.  Binary  CompoundB. — When  elements  eombine  with" 
other  to  form  a  binary  coin[>ound, — that  in  to  Miy,  a  comjiouod  j 
which  tiro  elcmenta  only  arc  present,  and  in  which  also  one  i 
proportion  or  cquividout*  (ii)  only  of  each  Mibitauoo 
ceraed, — the  nature  of  botb  the  compwienta  ia  epedticd 
name  employed  ;  the  uameoftlic  electro-ncigative  ingrediout  (ai 
being  that  which  is  placed  first  as  the  genetic  term,  wbiht  that  I 
the  i-lcctro-i>OKilive  or  ba»gtou»  dement  foUuns  as  inilieating  ll 
species :  for  instance,  a  combination  of  oxygen  with  zinc  U  itm 
nalcd  oxide  of  liuc — the  cloctro-ncgativc  clement  oxygen  standi^ 
tirat  and  undergoing  a  moJificaUon  or  iiiBectioii  in  its  name, 
following  tabic  irtll  illtutnte  the  manner  in  whtcli  such 
tioiu  are  applied;  tlic  symbols  of  the  different  compound 
given  in  the  fourth  column.  It  ih  to  be  oWrml  that  in  en 
iiig  syiubola  tho  rule  obscrrcd  as  to  the  onlcr  in  which  til 
mcnts  arc  ornuiged  is  the  roTcnc  of  that  which  is  adoj^led 
application  of  tlie  name,  for  in  the  aynibol  tlie  baAyloua  or 
positive  element  Is  always  placed  finrt : — 


Ihtmufaiaiitl 

■nwriHil 

f*r  ITtibiIii  :- 

Ocj 

Cblnrine 

OxidM 

OxkI«  of  sine 

Za( 

Chloridm 

Clilorid*  of  aihw 

M 

Bn>nila« 

BroBiidea 

Bromide  of  sodium 

Lloilino 

lodidM 

loibilp  of  potutinm 

icr 

Wpluotitut 

PJDoridts 

Ftiiorid*  of  c«lctiim 

CWl 

'nitngan 

Nitridn 

ITttnda  t>t  boron 

OR 

CteboQ 

CsrbiiliTs  or 
Carburets 

Ckfliidp  oriron 

Fa, 

Sulphur 

SuJiilildirs  or 
Sujpliurct^ 

Cu. 

SatraiiOB 

S*Imi<lB«  or 

- 

Plio«|ilioni* 

PIi t 

y 

i'    1          .■!     1'     ' 

1'  ,,  .  a.iir.  :     '.  . 

m 
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Tnlliftle  ('  ■■''. — It  often  limppcos,  bowcrer,  in  cons 

pHurr   of   tlu-  o,      .  -jf  t}ic  lair  oF  multiple  pTupuitiutis  (io}j 

the   Mtne  pntr  of  ektoeiiU   forms  two  or  more  coDipou 

'!i  ililfLTi-itt  ]>rupcrtii-s,  and  wliicli  oiititiii  dilTcnJit  pro 
iii'.ir  oTiipunuiiU :  llie  electro- ni-gat ire  clcDieiiL  iu  lliii 
U  luruolly  the  ouo  in  which  tlic  multiple  rdatiou  i»  olwcrvud  jl 
itl  :'tcr  of  Atoms  iii   wliicli   it  enters  into  cooiliioation 

>ilar  case   Ia  iudicalcd  hy  preliiiii^   to  Uie  dmhiu  nu^n 

UtmistJuu   of  tlie  com»panding  Greek   ordinal:  wputro^  6>^*^| 

'    -    '-  v  ihiixl,  &x.     For  example,  tliere  are   foui^^ 

...ium:— 


;  Tbi  ftivt  or  lairoH  osido  i*  tmxati  tfao  protoiid*  or  MBiiiun,  or, ) 

1^  wronil  aiiA*  „  dpiiloxiijc  oronmluiit    .     . 

I  Tki*  lUH  <HEkl»  „  triloiidr  of  Mmtum     .    . 

7W  /uuith  astilo  „  teMMOxide,  or  [Mrosiife  ) 

oTiMaiuia    .     .    ,     .    f 


OsO 

0.0, 
0«0, 

o«o, 


4 


SoiDetimeN  the  L«tiu  prefixes  are  sutntitutcd  for  thoM  derived 

()w  Griick  :  thus  tlte  terms  biiioi'ule  and  deuioxide  of  nitrogca 

1^  '  I'lly  roracombuiatioD  (KOJ  ufonc  prnportionnli 

nivd  two  atoDM  ofoxv^cn.    In  tlie  nnic  via,v  the 

>••  of  antimony  (Sb  CI,)  is  uacd  as  synonymous  with  tli 

Mtiiiioiiy.     The   hifchest  oxtdc,  cliloride,  or  sul-l 
iy  termed  the  peroxide,  ^nchloridc,  or  penuUl 
'riiUB  tlie  compound  Sb  CI,  is  termed  the  pcrchloride 
':  Ca  S^   it  tennt-d  indilfemntly  the  pereulphiilc  or  tbi 
lido  of  oalciuui.     This  pnctioe  of  uaiiij;  indilfereuUy 


at  I 

lid- 
Ill 


.  "•lioa,  or  aiomir  lerigKi,  a&d  SO  looe  as  ifi 

.  Im>  m  i!inploye<l  itiUiout  ds(i|[er  uiati 

irinigl  PoUDili'if  up(<n  il. 

Cbemical  Method,"  bss  atroiwly  snd  justi  j 

....A  diflVrenoa  bittKi>ot>  thf  tiRnifirittioas  of  tho 

.  ail  Bcid  liko  tli*' citric  (C^H^O,,)  will  rRi|uira thnv 

riri  Hitli  it  a  Doulrsl  nail,  an  ii>  rn|uLrc<l  bj  snother 

Tlie  propoHion  of  cilric  srij  r('prCMUl«d  b» 

rtli^lvu  fruiuriitl^f  tenni'd  iu  i^iimleat,  taa 

'.o  tht  propariioik  of  niirio  sciil  rrpresoulm)  by 

<  lirMl  tliju  thcw  qiiHiiiiiipsof  ibc  twosctdsare 

:'uT,iBssniiuIiMoiutaf  tbotn  BcutrsliiM  Ibne 

lirr. 

I   litis  Kilcrinin,  and  at  lli«  (am?  time  ta  wcuk 

-'[be  I'ODTruipnl  tnnpfakuftlirijiiniililtMofrsch 

'    '  '     '     '  'i   irivH'f^'tivi'  ncuU ;  • 

;  ri'Jiriit*  th<>  »niplost 

■'i  -  -vmnllrat 

lliu  etmf 

■il    rr'MttCl 

iiitji'n  of  I 


NOHKNCt^TVKK — AC1D3. 

Oreck  or  n  Tjatin  prefix  iu  the  names  of  cotupounda  belonging  to 
tbe  snme  scries  is  etymological ly  rcprclictisililc.  If,  for  instaoce^ 
the  compound  of  tin  (SuS)  be  termed  the  prototulpkide,  tlie  cam- 
pound  (SnSj)  should,  in  order  to  profcrve  consistency,  be  termed 
tlic  deuiosulfiliide ;  but  in  thU  ca»e  tlic  ui,e  of  the  name  b'tsulplade 
ia  so  generally  sanctioned  by  custom,  that  the  employment  of  tbe 
term  dcutosulphide  iu  it^  sti.-jul  would  have  a  pedantic  iippearaiice, 
4.  Adda. — If  the  oxides  possets  acid  characters,  as,  for  example, 
is  the  CMC  with  some  of  Vnc  higher  oxide;*  of  uitrogen,  a  diflcrent 
jilati  ia  adopted  to  mark  this  jm|iortant  peculiarity.  At  the  time 
tliat  the  nomGiicUture  wa«  devised  by  Lavoisier  and  his  coadjutors, 
oxyK«H  vaa  considered  to  be  the  clement  upon  which  ihe  existence 
of  the  acrid  chamctcr  maiuly  depended,  as  indeed  its  name  (signi- 
fying '  generator  of  aeids')  implies.  The  system  of  nomenclature 
■was  therefore  specially  adapted  to  thie  idea.  It  frequently  hap- 
pens that  au  elfiiK^iit  foniis  more  than  one  acid  with  oxygen :  tlte 
compound  which  contains  the  largest  proportion  of  oxygen  ia  ill 
thU  cu^e  indicated  by  miikiug  the  name  tcnninutc  in  the  syllable 
ic.  Nitric  acid  (^Oj),  for  iustauec,  is  the  acid  of  nitrogen  in 
which  the  lai^st  quantity  of  oxygeu  is  found :  lu  like  iniuiiier 
sulphuric  acid  (SOj^)  is  the  most  highly  oxidised  acid  of  sulphur. 
A  second  neid  which  contjiins  the  same  elements  united  with 
smaller  proportion  of  oxygen  receives  a  name  whicii  ends  with  the 
^yllublfi  (iim:  thus  nitrous  acid  (NOj)  and  sulphurous  acid  (SOJ 
indieatc  ainds  iu  which  a  smaller  proportion  of  oxygen  is  present 
than  in  nitric  and  sulphuric  acids.  ^Vhen  an  acid  exists  iu  which 
a  still  smaller  proportion  of  oxygen  is  present,  the  prefix  Ay/ii 
from  iiiro, '  below/  is  usually  employed ;  byposulphurous  acid  (S,0,) 
is  the  term  employed  to  designate  an  acid  which  coutalna  still  IcM 
oxygen  tlian  sulphurous  acid.  In  a  few  cases  an  actd  baa  beei 
discovered  which  contains  still  more  oxygen  than  the  one  to  which 
the  termiustion  ic  had  been  already  appro firiated.  Chloric  acid,  for 
example,  i*  represented  as  ClOj,  but  nii  acid  wm  subsequently  found 
to  exist,  which  bas  the  composition  ('10, ;  in  this  case  tbe  pretis 
pfr  (which  is  an  abbreviation  for  un-tp,  or  nipcr,  '  above")  is  em- 
ployed, the  new  compound  having  been  termed  perchloric  acid.* 

*  Tlie  uxo  or  thp  term  arij  involves  in  some  easot  a  deime  of  amk  , 
iiiMsitich  u  it  i»  aiiplicd  lomotimea  to  a  oompound  ooDtaining  brikagQd 
■omi-litiifD  Iv  B  boJj  in  whii^li  no  liT<lri>;|i;nn  it  pmocut.    Thus  the  ootaj 
HO.  NO,  is  sometiinea  diitiujiuiilietl  si  bydrati^  nitric  arid,  but  it  i*  KODI 
called  uiirip  aoid  simply,  thuugli  it  ia  in  rualily  nitratp  of  oxidu  of  hydr 
jii*l  M  KO.  NO,  is  uitrate  of  oxide  of  potaiuium :  ihv  Brat  beinji  •  corai  _ 
of  the  anliyiiniiw  ooniponad  NO, .and  water;  Ihf  decoud  a  cumjtouud  of  tbt***! 
anhydroui  liody  ami  potsali.     Many  oSlite  acids  may.  hoH'vvtr,  beobtaiaed  11 
ui  iiolatcd  altitc  deprived  of  wat«T,c6astitutiug  a  class  of  bodiM  distinguished  1 
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The  proems  of  reiearcli,  however,  lias  re\-eal«l  oilier  icids  in 
vhich  oxirgcn  is  wanting,  but  vrliicb  an:  compounds  of  hvdrogen. 
Tluee  acid»  an;  mually  distinguished  by  prefixing  the  word  hydro, 
M  su  abbrcviatioD  for  hydrogen :  thus  chlorine  and  hrdro^^a 
form  an  acid  HCI,  liydrocblorio  acid,  often  call<'d  muriittic  acid  : 
cfumgeQ  and  hydrogen  form  hydrocyanic  or  prussic  acid,  MCy,  and 
M  on.  Some  writers,  following  the  e:iiain[ilc  of  Thennrd,  tninsposc 
ibeae  terins :  they  speak  of  chhrhydric  acid,  and  ajankydrie  sod. 
IWe  is  an  advantage  in  tbi$  alteration,  xincc  it  avoids  any 
sfflbi^ity  ari§itig  from  the  use  of  the  prefix  hydro,  which  has  ia 
wac  instances  l>cen  apjilicd  (o  com]>ouiids  which  contain  water, 

5,  Salts. — \V!ien  the  acids  unite  with  bases  to  form  salts,  (he 
degree  of  oxidation  in  the  acid  is  stiti  indicated  hy  the  name  of 
tbe  salt.  The  name  of  the  acid  stands  first  as  generic,  the  name 
tt  the  base  I)cing  whlcd  to  show  the  species. 

When  acids  ending;  in  ic  form  salts,  in  naming  such  com- 
pxtiids  the  tcrminatioD  of  the  acid  is  changed  into  att :  tlma  tlie 
nit  fiimirtl  when  nitric  aciiJ  unites  with  lime  is  termed  nitrate  of 
tmoiCaO.XOj).  When  sulphuric  acid  combines  with  uxide  of  iron, 
t]ie  (oit  \»  called  sulphate  of  protoxide  of  iron,  or  usually,  for  the 
nke  of  brevity,  sulphnlc  of  iron  (PeO,  SOJ  :  pcrchlorie  arid  with 
Jiotash  forms  the  salt  called  perchlorate  of  potash  (KO,  CIO.].  If 
the  name  of  the  acid  end  in  au»,  tlic  termination  is  changed  to  He 
in  naming  the  salt :  thus  siilphiirous  acid  and  baryta  combine  and 
form  a  salt  called  sulphite  of  baryta  (BaO,  SO,)  :  hyposulphii- 
mu  acid  and  soda  hy  tlieir  union  form  hyposulphite  of  soda 
(>'.0,  S,0,). 

It  may  here  be  well  to  caution  those  who  are  juat  commeocing 
Ok  aJiidy  of  chemistry,  of  the  necessity  of  distinguishing  clearly 
iietveen  ootnponnds  «ich  as  the  sulphites  and  the  sulphates,  or 
tlie  sulphides  and  tli«  sulphitea.  Sulphide  of  sodium  (NuS)  for 
vxample,  ia  a  binary  compound,  containing  a  direct  product  of  the 
combination  of  two  elementary  substances,  whereas  sulphite  of  soda 


mifJriJt:  Thnc  ashjdrtilc)  nppi-ar  (for  rensuns  wliiuli  nmtt  lie  ijiiTiusiMl 
hrrrsflrr)  to  roDtoia  Ibc  rUmtMitx  of  tli<^  aeids  tu  s  form  difleri-nt  from  tlint  ia 
■  iiicli  tbry  riiit  in  lliL-ir  mIu.  Tlii*  ih  tbc  case  «ilii  nitric  iiCid,  tihicli  may 
be  procured  iii  «  mrpsnl*  form  (N0,1,  m  itHrif  aahgdridt. 

inllib  work  \\iv  Iittk  uri</,  hIi^n  iiirii  u'iilinutc|nalilication.  will  \>e  appliml 
lo  tlif  »»!li  of  In  ilrii.'fn.  »ui'li  nn  H(),  HO,,  mlphnric  acid  (oulplmle  of  «iit*r) ; 
'.'id (nitrate of  natcr);  uCI, liydrofliloric  apid,  A^    Incases 
L  110c  is  in  com lii nation  willi  h  bast',  att.  for  inelsurr.  in  tli« 

L 


itii  (KO.  NOj).  till?  cunipttunil  will,  noloillistandine.  fri'iucntiy 
Si   cx>ii>i-(iiit:  uf  Mil  Mid   and  ba»o,  tlic  nitrify  ncid  lii-Tc  bcinj; 
ir' >'    '■'!■;;  1x1 1  in  mlcs  of  Ibis  lietcriptJOU  the  Konsc  of  tli« 
.  I  .  .-  J  I        .'  -v  pvijtiit  from  tlic  toiilexl. 
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(NaO,  so,)  i*  n  more  rf)m|il(*x  comjinuTid,  fonnwi  by  tlie  union 
two  compound  bodies  with  each  otlicr.  Sulphate  of  soda  (XaO, 
SOj),  again,  ooutniii*  one  proijortionai  more  of  oxygen  tlinii  the 
sulphite  of  this  ba»c. 

If  more  thnii  one  equivalent  of  nn  acid  be  united  with  one 
equivalent  of  a  base,  there  a  no  difficidty  in  pointing  this  out  in 
the  name,  A  c'omjionnd  of  one  equivali-Tit  of  dironiic  acid  and 
one  of  potash  (KO,  CrOJ  would  be  spoken  of  simply  as  chromate 
of  jiotnsh  ;  but  there  is  another  com|)ound  of  potash  with  chromio 
acid  in  which  two  equivalents  of  the  acid  are  present  to  one  equiva- 
lent of  the  bfwc;  this  compound  is  known  us  the  bichromato  of 
potash  (KO,  at/rO^),  the  drcumstance  of  the  additional  cquifalent 
of  acid  Ijcing  in  this  aud  in  other  annlogoiiK  ciwc*  indicated  by  tlie 
prefix  bi,  from  the  Latin  bia,  'twice,'  which  ia  made  to  preeode 
the  name  appropriated  to  the  neutral  salt.  Tlie  more  comjdiatted 
relation  of  three  equivalents  of  acid  to  two  of  base,  or  the  propor* 
tioii  of  I  i  to  1,  is  expressed  by  the  prefix  seirjui,  which  lurana 
'one  and  a  half:'  thus  the  corapounil  of  ammonia  with  carbonta 
acid,  which  forms  the  UKual  smelling  salts,  is  culled  scaquicarbonatC 
of  ammonia  (jH.NO,  ^CO,). 

Oceasionally  it  happens  that  it  is  the  base  instead  of  the  nctd 
which  increases  in  mulLiph^  proportion.  Some  of  the  salts  of  leaul 
exhibit  this  mode  of  combination ;  in  such  a  case  the  nature  of  the 
compound  is  indicated  by  using  the  prefixes  di  or  dit,  for  two 
equivalents  of  base,  tri  or  Ma,  for  three  equivalents,  and  so  oo; 
(iPbO,  NO,l  would  be  dinitrate  of  lead,  (3PbO,  C.II,Oj)  tri- 
acetate; of  lend,  &c. 

(ieneraliy  speaking,  a  metal  forms  only  one  salifiable  oxide, 
that  is  to  say,  only  one  oxide  which  has  the  power  of  corabiniog 
with  acid.i,  and  tlnitt  forming  xnlts :  but  there  are  several  exeeptioni 
to  this  rule.  Iron,  for  example,-  may  form  salts  in  which  the 
protoxide  (FeO)  is  present.  Such  salts  are  commonly  distin- 
guished as  protosalf.t.  (FeO,  SOj,  +  HO,  6  Aq)  represents  the  com- 
position of  Iho  cry^tidlized  sulphate  of  protoxide  of  iron,  and  it  is 
often  described  briefly  as  protoaulpbate  of  iron ;  but  there  ia 
another  series  of  salts  of  iron,  in  which  the  peroxide  or  sesqui- 
oxidc  [Fe,0^)  of  the  melal  is  the  base ;  these  are  distinguished 
as  tlie  pfrmift,  or  ttsijvisaUa,  of  iron:  (FcjO,,  330,)  rcprescuta 
the  sulphate  of  llie  peroxide  (or  M:s<|uiuxide)  of  iron,  aud  it  is 
UBually  termed  the  persulphate,  or  sesquisulphatc  of  iron.  Tbcso 
terms,  although  in  general  use,  are  not  free  fVom  ambiguity. 
Borzelius  preferred  to  call  the  protoxide  of  iron, /cttohu  oxide,  and 
the   protOBulphatu,  ferrous   sulphate,  whilst  the  scsquioxide  he 
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ferrit  'iitl   the   sMrjiiisnlplute  vru  upon   \>\*  )>ljk 

fcrnc    -  Thin    form    of  nomeiidUdro  does  •a^ 

nnulati:  well  with  our  language,  but  it  uiiitn  brevity  with  pi 

Ktid  may  in  some  ciweii  I)c  eniplc^ed  with  advantage. 

»rr  furtuK  uf  noiiH-iiL-bilurc  aro  applied  in  puctiouliir  nues,  bu 

rwill  he  beat eip)aiii«d  m  tlio  ifxamplcs  to  nhidi  ibcy  refer  uisOi. 

(iRi)   Empirifat  and   Rational  Fitrvmlrf. — In  ei|ircMii)g  tUo 

■pnxitiitB    of  a  iKKly  b}'  tlio  UM  of  syDibols,  the  chemist  may 

ooutciit  hiaudf  with  simply  stating  the  reault  of  aoalysis  bj 

e  oitmicration  uf  the  elements  and  tho  relative  nnnibcr  of 

pgrtifitiolB  of  each ;  in  whidi  case  he  gives  what  i»  termed  the 

''tl  fiinnula  of  the  l)ody  ;  or  he  may  attempt  an  explanation 

rkmIc  in  which  he  eoticcirca  thoae  elements  to  be  associated 

r.  aud  by  the  Kmuij^cniejit  of  his  symbols  may  give  oxpres* 

I  to  ■  ihoory  of  the  composition  of  the  Ixxly,  and  thus  assign 

a  rational  /omnia.     A  body  con  have   but  one  empirical 

aiihi,  but  it  may  Ijc  represented  by  a  variety  of  rational  formulx, 

»nhnj{  to  the  dtlTerent  vieirs  which  may  be  taken  as  to  the  mode 

laWh  ItM  components  are  arranged. 

CrystaJlijted  nulphnle  of  magnesia,  for  example,  has  the  foUoirlng 

pncal  fnnnula: — 

(1)  MgH,  SO,,. 

I  i*  to  ny,  ita  coiudtnents  are  present  in  the  ratio  of  i  atom 

■ium,  7  atoms  of  hydrogcu,  i  of  Milpbur,  and  it  of  oxygen. 

-.   no-cr  BO  written.     The  water  which  it  contains 

f  *"  ly  driven  off  by  a  heat  a  little  above  400*^  F. ;  and  it  la 

Uy  repn-sentcd  as  consisting  of  magnesia,  sulpburio  acid,  aoi 

r.  aa  tbete  are  the  materials  out  of  wbicb  it  is  formed :  thus — 

(3)  H[gO.  SO,  +  7  HO. 

Lit  u  (bund  that  At  a  he^t  of  zta'',  6  equivalents  of  the  watof 
\m  cxpelli-d,  whilst  tho  7th  equivalent  requires  a  much  higher] 
turc.  Ml  that  it  appears  to  occujiy  a  pontion  in  the  salt 
from  tliat  of  the  otlter  6  :  this  fuct  may  be  iiulicoted  b) 
ij  altering  the  second  formula,  as  follows: — 

(3)  MgO,  SO,  +  HO,  6  UO. 

giiists,   l«>wevcr,   guided   psrlly  by   tlic   reanlts   of  tH 
of  the  salt,  suppose  thnt  when  onco  an  acid  and  a  ba 
lUed,  their  elements  are  arranged  in  an  order  dlBerent  firoi; 
;.  nititrd  wheu  aejnrate,  aud  they  prefer  to  repre- 
;.:-  _  L.irdingly,  as 

(4)  Ug,S0,-f-JI0,6  UO. 


m  of^ 
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MHiilst,  if  Bul()liurie  ncid  be  regarded  as  dibasic.  It  irotlll 
aeccMary  to  rcprcscut  the  formula  of  the  ult  as  J 

CS)  a  Mg,  S^Og  +  a  HO,  13  HO.  | 

Eaol)  of  the  lost  four  formube  i&  «  rational  formuU  fori 
pbatc  of  mBgDeBia ;  and  vacli  conveys  fWr  more  information  tlioa 
formula  No.  i.  Kacti  reprcsenU  a  tlieory  fouiidMl  upon  portid 
modes  of  docompositioQ  which  the  salt  may  bo  made  to  cxpcriq 

It  m  iiniKWsible  that  all  these  formulae  should  truly  ioda 
the  molecular  constitution  of  the  salt,  though  each  may  rcpni 
the  grouping  of  itJ<  ooni|x>iicut  cloinents  under  particular  cind 
stances.  Itatiooal  formultc  arc  indeed  inditpcnsabh:  us  tltel 
poucnts  of  the  theories  which  guide  the  chemtot  in  bin  retcnrq 
or  which  aid  bim  in  arranging  and  intcr])r«:tiug  phenomena ;  I 
like  the  tlicorieit  which  tliey  rejireaeut,  they  are  only  tcmpoJ 
expedients,  and  they  mnst  consequently  always  be  rcgaidJ 
BQch,  and  roust  lie  modified  or  di»cardcd  whcfi  they  iio  lol 
^tbfully  represent  the  conditions  of  our  knowledge  of  tbo  d 
pound  which  they  arc  employed  to  indicate.  j 

(183)  General  Armagemeui  i(f  the  BtementB  adopted  ifl  I 
tFort. — The  general  division  of  the  elementary  bodies  into  d 
metallic  and  mctidlic  has  been  already  poiutod  out.  Tbevi 
howcrer,  no  strict  line  of  demarcation  Wtwecu  the  noci-tDBti 
and  the  mctullic  elements.  I 

'llic  bodies  which  are  con&idered  as  non-metallic  cotuq 
tltc  elcctro-negativo  ingredient  in  tlic  binary  combinatiooH  n 
tlicy  form  with  the  mctttls,  and  arc  most  of  them  insulatom  on 
voltAic  furreiil,  Carboa  and  silicuu,  however,  in  certain  formu 
as  cooductors  of  electricity.  Tlie  oomponuds  of  the  non-mod 
clemcnld  with  oxygen  generally  show  but  little  teudcoel 
unite  with  iicidn;  nn  the  contrary,  the  higher  oxides  of  uioa 
tlicm  form  powerful  acids  a«  the  result  of  their  combination  I 
oxygen.  Thote  acids,  except  tlio  Bilicic.  are  reality  HolublJ 
vatcr ;  and  even  ^Wic'w  avid,  under  certain  circumsUnces,  maJ 
obtained  in  noliition.  1 

The  mctidt,  on  the  other  hand,  are  charatrtcrtKd  by  a  pct4 
combination  of  opacity  and  eompaetneM.  which  gives  tht-m,  m 
polished,  a  peculiar  brilliancy,  tcmieil  the  mctallie  Itwtre ;  i 
arc  gootl  condwctom  of  heat  and  dcctrieity,  and  most  uf  Ihettd 
combination  with  oxygf^n,  form  powerful  bases.  It  i.,  ne| 
tltdess,  sometimes  ililllenlt   to   determine  whether  a  f  ; 

bo  regarded  a*  a  metal  or  not.  Arwnic  ha»  a  high  mctinu-  mA 
but  it   is  looto  clo«cly  allied    to  plto*pl«)riu   than    to   nnv  ol 
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rekmentv;  snbetancc,  and  both  its  oxitim  arc  endowed  iritb  well- 
marked  add  properties.  Telliirium,  also,  exhibits  llie  cloMst 
uulogj  with  sclGQium  and  nith  sulpfaiir,  but  it  pomcwca  high 
lustre,  and  some  couilucliiig  power  for  electricity. 
Tlic  sulxlin&ioD  of  the  eioiplc  Bubstancn  into  noD- metallic  and 
metallic  U,  boncverj  convenient  to  the  student,  and  it  will  tliere- 
fcirt  l»e  retaiacd  in  this  work.  The  order  in  which  the  diflcrcat 
clcmcutary  bodies  will  be  treated  is  not  in  all  caaea  that  which  a. 
tipA  ailhcrcacc  to  aualogy  would  indicate,  though  tbix  has  been 
adopted,  excepting  in  those  iiiKtanccs  in  which  it  seemed  more 
idnntagcous  to  the  student  to  follow  a  different  course.  In 
noet  au^e*  we  shiiU  rmt  examine  the  eheiiiical  properties  which 
arc  exhibited  by  each  of  the  elements  in  its  uucombincil  form :  wc 
thaJl  then  »tudj-  the  geuvral  nature  of  itx  actions  upon  other 
elemonte,  and  shall  aftemards  examine  the  more  important  com- 
pnrada  into  the  formation  of  which  it  enters. 

In  describing  the  properties  of  the  non-metallic  elements,  it 
win  be  found  a  convenient  arrangement  to  consider  first  the  four 
dements  which  enter  into  the  c»mposition  of  those  all-pcrvnding 
and  all'impnrlnnt  sub«tancc«,  air  and  water,  and  then  to  pan*  on 
to  othe™,  classing  them  together  according  to  the  general  analogy 
of  their  properties.  Following  this  plun,  wc  shall  consider  fii-st 
Ibc  properties  of  what  may  be  termed  the  atmospheric  group  of 
element* — lin., 

1.  Oxygen  |  3.  Hydrogen  (and  water) 

3.  Nitrc^Lii{aDdthcBtmoepherc)  |  4.  Carbon    (and  carbonic  arid). 

lUmg  examined  some  of  the  more  important  compounds 
which  tlie*c  bodies  form  with  each  other,  wc  shall  describe  the 
well-marked  natural  group  constituting  what  Bcrzclius  terms  the 
Baloj/eiis,  from  llie  circumstance  of  their  forming  with  the  metals 
■liae  compounds  resembling  common  salt — int.. 


5  Chlorine 

6  Bromine 


7  Iodine 

8  Fluorine, 


Four  combustible  elements  will  be  taken  next  in  order — vix., 

9  Sulphur  I  II  Tellurium 

10  Selenium  |  la  Phoepbonis; 

and  the  general  survey  of  the  non-metallic  elements  will  be  com- 
pleted with 

i3  Silicou  I  14  Boron. 


8  QENEBAI.  AKEANGEHENT  OF  THZ 

Whilst,   if  sulpburic   acid  be    regarded  a^ 
necessary  to  rep re§eDt  the  formula  of  the  t 

(5)  a  Mg,  S,0,  +  3  HO, 

Each  of  the  last  four  formulEe  is  a  ; 
phatc  of  magnesia ;  and  each  conrey s  &a  t 
formula  No.  i.     Each  represents  a  theoi 
modes  of  dccoDi position  which  the  salt  t 

It  is  impossible  that  all   these  fom 
the  molecular  couittitution  of  the  salt, 
the  grouping  of  its  component  elemei 
stances,     llational  formulie  are  indt 
poucuts  of  the  theories  which  guide  t  '  "' 

or  which  aid  him  in  arranging  and  '''d 

like  the  theories  which   they  reprr 
expedients,   and  tliey  must  consei 
such,  and  must   be   modified   or 
faithfully  represent  the  conditions 
jwund  which  they  are  employed  t 

(iSj)   Genial  Arrangement 
Work. — The  general  division  of 
mctullie  and  metallic  has    beci  :^N**  *•  '™''" 
however,  no  strict  line  of  dem        , 
and  the  metallic  elements.  ^'**-— 

Tlie  botlics  which  are  «'■-  ■  "*" 
the  ckvtro- negative  ingrcdicu'    ■' 
they  form  with  the  metals,  a     ^Jf^ — ^^  '"  ' 
voltaic  current.     Carbon  an**' 
as  randui'tors  of  electritnty. 
elements    with    oxygen   gi 
nnito  with  acids ;  on  the 
thnn  fonu  iMwerful  acida 
oxypMi.     These  acids,  c  ^Wlb* 

water  :  ami  even  silicic  n        " 
i.>btain<il  in  solution.  |  ^"  ■^^ 

Tlie  nirtal*.  on  the  .         ?_      _i 

(HWiliiuatioii  of  opacity 


polislu'Hl,  B   (Hvuliar  b 

ar»'  pixl  eimihictors 

■.■ombinatiou   with 

tlirlws,  fomctinaeii 

bo  rcganled  u  «  MH^  ^  fbllowi 

but  it  i»  mors  iWV  to  mo 


or  rai 


n 


MirogCB- 
Bisio 


gilicon. 

Tin- 

Ffaotalii'i). 


*^  evident  hx  poi^raj^t  th» 

'i<-S  the  elemeutaiT  bo£ea 

''  d  ittilicadoo  of  the  pointt 

^'nposing  each  groap  malt 

■ '   Sroap  are  considertA     In 

'■"'8  letween    the  individB^ 

'■■  ''t'T  striking,  in  other!  Asf 

'  "'e  case  of  the  metals  of  Oa 

""I'le  iBet»k,the  natural  affiaitin 

;■  if"^  are  as  yet  rerv  incomplBtdy 

"""irs  tiig.  jy^  represeated  in  two 

Hydrt^en. 


Potassium. 

Sodium. 

Lithium. 

Barium. 

Strontium. 

Calcium. 

Silver. 

Lead. 

Mercury 

Kfagncsium. 

Zinc. 

Cadmium. 

Copper. 
Nickel. 

Cobalt. 

Iron- 
Chromium. 
Manganeae. 
Vraoium. 


Aluminum. 


Molybdenum. 

Vanadium. 

Tungsten. 
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CHAPTER  n. 


THK   ATMOSPHEHl!.       OXTfiFN — NtTROfiEN.  ■ 

{284)  Compound  Xalure  t(f  tkt  Atmonji/itre. — ITie  chftmical  I 
rracarches  of  tlie  iihilojopliera  of  the  lii*t  century  arc  especially  I 
rcrniarknblc  on  account  of  the  importnnl  infuritiution  wliidi  they  I 
afforded  ujHm  the  n&ture  of  the  atmosphere.  Indeed,  the  know-  I 
ledfcc  Ihux  obtuiucd  may  he  rcgardwl  ii«  thv  ntiirtln^  {Hiiitt  of  the  I 
britiiant  ehcuieal  discoveries  which  have  since  succeeded  ench  other  I 
with  sueli  rapidity.  These  researches  huvc  abundantly  jiMJvcd  tliat  1 
tlic  air  ia  far  from  beiug,  an  it  was  once  suppoiied  to  be,  an 
eletuentury  body.  It  has  been  fuuud,  ou  ibc  coutrury,  to  be  a 
mixture  of  several  aubstauces,  aooie  of  vrhieb  arc  elcmcutaiy^  I 
otJiem  compound.  I 

TliQ  most  remarkable  and  abimtUnt  of  the  constituents  of  the  1 
air  arc  the  clemcDtary  bodies,  oxygcu  anil  nitrogen ;  aiid  of  iu  I 
compouud  ingredietits  aqucou.t  vapour  and  carbonic  acid  arc  tlio  I 
most  itnportuut.  ] 

The  moat  direct   proofa  of  tlie  compound  charncicr  of  the  I 
atmosplicrc  arc  afforded   by  examining  the  cITccta  produced  upon 
it  by  burning  bodies.     Uodicit,  as  is  well  knovrn,  canuot   bum 
without  the  free  access  of  air.     On  placing  u  lighted  taper  under 
the  receiver  of  the  air-ptimp   and  exliaiiHting  the  air,  the  tiame 
t>cconie!<    extinguished.     A   limited  quuutity  of  air  will  suippoit 
combustion  for  but  a  limited  period:  a  lighted  taper  6oating  oa 
water  under  an  inverted  bell-glass,  the  edge  of  which    is    plunged  j 
beneath    the    watiT,   soon    begins    to    bum    dimly,  and  at  length  1 
becomes  exttuet.     But  the  taper  ceases  to  bum  long  before  th«  I 
air  is  all  spent ;  the  receiver  still   contains  a  large  quantity  of  a" 
gatteouH    body   ia   which    a   candle  will  not  burn.      The  rusulta  | 
obtained  by  burning  a  candle  in  a  limited  portion  of  air  are  bov-l 
ever  rather  complicated,  bceansc  the  product*  whicli  arc  formed  by  ] 
the  burning  body  Hkc  in  the  form  of  g.is,  and  become  mixed  with] 
the  remaining  jjortion  of  air.      Lavoisier  contrived  to  obviate   tlua  I 
inconvcnicuee  by  acting  upon  the  air  wilh  a  Bubstancc  which  pro-  ] 
duci'd  a  solid  body  as  the  result  of  the  phcmicul  action,  eo  that  it  J 
left  the  air  unmixed  vritfa  any  gas  nhieh   rose  from  tlie  bumingj 
body.     Tlie  material   which   he  etnployed  to  decompose  the  airj 
was  metallic   mercury,   a  substance  wliich  acta   very  slowly,  and 
which  does  not  burn   in  the  ordinary  sense  of  the  term.     The  I 
experiment  may  be  performed  as  foUoWB : — 

Into  the  bulb  of  a  flajtk  or  ix:tort  (a,  fig.  24:),  provided  with  &J 


ctnrrocND  xattre  of  tbb  atuosphekb. 
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fio.  34 1. 


iKck  of  considerable 

length,  nn  onnce  or 

two  of  metallic  mer- 

eary  »  introduced: 

ibe    Deck     of     the 

bik  is  then  bent  in 

tlu   manner    sltoirn 

in   the    figure,   and 

the     bent      portion 

{ihiDged  into  a  mcr* 

cori^    bath,    to    as 

to  leave  the    open 

end    of    the    neck 

projecting  aboTC  the 

lewl    of   the    mer- 

cojT,  into  a  jar  partially  filled  with  atmospheric  air.     The  bulk 

of  ibis   portion    of   air  is    then    accurately  observed,  and    the 

tomperature  and  baroinetric  pressure  nt   the  time  of  the  ob«cr- 

vation   are   rtt-oriJcd,      Hi-jit   i*   now  applied   to   the  flask,  and 

maintained  steadily  at  a  point  just  below   that  required  to  make 

the  mrrctiry  lx>il.     If  thi)^  ti^mpi^riiture  l>e  eontinucd  for  tlirce  or 

four  oonsecutiTc  days,  the  dceom  position  of  the  air  incloseil  both 

in  the  flask  and  in  the  jar  will  be  effected.     The  mercury  in  the 

fluk  will  gradually  become  covered  with  red  scales,  and  the  air  in 

the  jaj",  which  at  first  espamlcd  from  the  aetion  uf  the  heat,  will 

slowly  decrease  in  bulk  until  fresh  scales  no  longer  continue  to  bo 

formed.     When  this  point  is   ruat^hcci  the  source  of  heat  may  be 

removed,  and   the  remaining  air,   when  cold,   will   be    found  to 

mrasurc  nearly  one-fif^h  Ie«s  than   it  did   at  the  commencement. 

If  a  portion  of  this  residnal  air  be  decanted  into  another  jar,  it 

will  he  found  to  be  unfit  for  the  siipjiort  of  animal  life  ;  a  mouse  or 

olh«r  small  auimal  introduced  into  it  speedily  dies,  and  the  flame  of 

a  caikIIc  is  instantly  extinguished.     The  ga»  which  ha-t  been  thus 

obtained,  is  an  elementary  body  nearly  in  a  state  of  purity,  termed 

nilngen  (189).     In  this  experiment  the  heated   mercury  has  been 

iJawly  elTecting  the  removal  of  tlie  oxygen  &om  the  air. 


§  I.  Oxroex.     (0  =  8)  Combining  Volume,  1 :  Specific 
Gravity,  1-105  7.* 
(385)  If  the  red  scales  which  arc  formed  mion  mercury  when, 

*  Geifianlt  propcMod  to  donblc  the  atomio  weight  of  oxjtt^n.  inslcins 
0=16.  Many  ingcDioiu  Kr;n> ■"<'■>*''  ■°*'>'  ^''  ur|;«l  iu  ils  fiTour.  and  Ibe 
pmpoul  tuu  Wa  lalcly  aitoplvd  hy  noma  aheiuisU  ol  distiuctlou.     Much 
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riturcRriBs  or  oxyobk. 


ks  in  the  foregoing  experinumt,  it  is  bcatcd  in  •cod6ii«I  portiouol 
nir,  be  iutroduocd  into  a  tuiiull  glass  retort  and  exposed  to  a  strong 
heat,  they  will  gradually  disappear ;  drops  of  mercury  will  Ijecomc 
coiulciijtcd  ill  the  cool  ]Hirt  of  the  retort,  and  a  gas  will  be  diKD* 
gaged,  which  may  be  collected  over  water.  If  tlic  experiment  be 
performed  with  accuou-y  tli(>  (iiiaiitity  of  the  gaa  obtained  will  be 
exactly  equal  in  volume  to  the  hulk  aheorbed  from  the  nir  by  the 
mercury.  To  thin  g«  the  name  of  Oxygen  (*  generator  of  acid* ' 
from  oSi>y  'sour,'  and  yu'vau  '  to  prwluec')  lias  bwu  given.  It  ii 
nn  elementary  body,  and  from  the  abuudiiuce  in  which  it  oceurH,  tlu 
number  and  the  variety  of  ita  compounds,  and  the  nccc»ary  part 
which  it  perfurmx  in  tbe  maintenance  of  life,  it  must  be  regarded 
as  the  most  remarkable  aud  important  of  the  >implc  bodies. 

Propertieg, — Oxygen  poeaesaes  extremely  powerful  chemical 
affinities  for  other  elementary  sub*tiine««  ;  ouc  element  only 
(fluorine)  being  kuowu  with  which  it  docs  not  combine.  Owing 
to  the  intensity  with  which  many  of  tJicte  combioations  tak« 
place,  oxygen  gn»  potne^es  the  power  of  snpportitig  conihuKtkm 
in  an  eminent  degree.  If  a  splinter  of  wood  with  n  glowing  spark 
on  any  part  of  it  be  plunged  into  the  gas,  the  wood  will  in»tantly 
burst  into  flame,  and  will  burn  with  extraordiiknry  brilliancy.  Many 
Ixxiics  whicb  burn  trauciuitly  in  air  often  deflagrate  wilh  violence  in 
oxygen.  Pltosphorus  bums  in  it  with  a  brilliancy  which  is  joinrnl 
to  the  ej-e,  and  in  like  manner  tiulpliur  and  eliarcoul,  if  prciiously 
Iciudicd,  bum  in  tlie  gaa  with  great  velienieiice  :  many  mclal.i  mIko 
bum  viTi<ily  in  it ;  a  piece  of  potaf&iniu  the  sixe  of  a  pen,  if  placed 
in  a  small  oopper  spoon,  c,  Dg.  243,  aud  heated  stroitgly  by  a 
.,  vnirit    l»nip,    hnnt^     into     flame     wliea 

plunged   into  the  gas ;  if  a  piece  of  Gcr- 
/  man   tinder    be   attached    to    a    piece    of 

I        ^  watch-spring  or  thin   steel   wire    and  be 

^^^^  ligbtcil,  to   Kturt  tlic  combustioa  before  it 

is  introduced  into  tlic  oxygen,  the  wire 
will  bum  with  brilliant  Kciutillatious ;  and 
Kinc  foil  burns  in  oxygen  with  au  intense 
blni»h  white  light. 

-  Oxygen  is  enacntial   to  tlic   support  of 

-  animal  life,  atid  bencc  by  the  older  chemists 
was  teruied  vital  air.     A»m»ll  animal  wilt 


coartuioo  in  tlic  formntcc  in  n*e,  opecially  in  tixote  of  thn  rflcnplirat^d  raoi' 
pound*  oforuonb  dirmintry.  Iidh  Lbus  bei-u  DCOBsioni-d  :  and  it  is  doul'irul  if 
soy  s))b*Untial  gain  adrqunte  to  the  inooateiiii'Ui'VB  titui  prodocoil  wivnlii 
■ccme  from  lb-  dupliastiuQ  of  iLe  uunibcrs  for  oxj  (wii  and  earbon,  tlicii):h  in 
c^ttain  Mses  (hi>  Ibnnulie  sr«  simplified  bv  ihcir  utt.  The  ia«ii  rcllMd 
/Jt^off  IBM/ be  vipUiMd  will>f<iuai  procision  by  oillicr  sytlcia  Of  DOUliini. 


POOrC&TIBS  XSa    PBErAaATlON    OV    OXV«EN. 
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'  Big  in  8  confined  opace  filleil  with  oxygea  for  a  longer  pcrio<l  than  iii 
a  tqoal  bulk  of  air ;  but  the  gas  is  of  too  Btioaulutiiit;  a  qualitjr  to 
bohmiliuxl  undiluted  vith  inijiunlty  for  any  cuiifitlcrublc  time,  aoil 
bdbre  loug  it  produces  death  from  over-excilcmcut  of  tlic  »yalcni. 

Oxygen,  like  uir,  is  de?titutc  of  colour,  UiaIc,  and  smell.  Of 
til  kjiown  subataiKCs  it  exerts  the  smallest  refracting  power 
Ofoa  the  ray*  of  liglit.  Hitlierlu  nil  att<rni|jt«  to  reduce  it  to  the 
Sifui  (brm  by  the  combined  application  of  prcssitro  and  of  cold 
have  proved  fruilli-Ax.  Oxygen  liu4  bevii  proved  to  potiMKt  wcftk 
but  decided  magnetic  propcrticft,  like  tho«o  of  iron,  and  like  tliis 
nbitiiice  it»  swteeptibility  to  magnetisation  in  diminialicd,  or 
CTEB  leaiporarily  siwpcndcd,  by  a  suificicnt  elevation  of  tcmpe- 
ntnre  (j;^).  It  is  licavicr  titau  the  atmosphere,  its  «peeific 
gnnty,  according  to  Regnault,  being  rioj^j  ;*  too  cubic  inches 
ndghiiig  34'iOj  grains ;  it  h  only  iiliglitly  soluble  in  water, 
which  t&kJea  up  about  ,',th  of  it«  bulk,  at  ^2",  and  j'gth  at  60^. 
100  cubic  incIiCK  of  vrtter,  according  to  nunsm,  diMoUiug  4*11 
cubic  iitchea  at  52'',  ukI  3'99°  cubic  inches  at  ^^f  F. 

Prrparation.— There  are  aereral  metlioda  of  procuring  oxygen 
gM,  the  simfJeet  of  which  consist  in  the  exposure  of  certain  metallic 
ootidea  ton  high  trmp«:mtnre,by  which  they  »re  made  to  give  np,  more 
«■  kw  completely,  the  oxygen  with  which  they  had  combined. 

x<— Ibe  original  method  of  Prietttlcy,  by  which  he  first 
i«okted  pore  oxygen,  in  1774,  consisted  in  beating  the  red  oxide 
of  mercury  to  700"  or  Boo" ;  but  there  arc  other  mode*  of  prucuring 
it  which  are  more  oonresicnt  and  economical. 

3.~-Fur  tlte  supply  of  lui^c  tiuimtities  of  oxygen  it  iti  it*ua]  to 
employ  the  black  oxide  of  manganese  (MnOj),  a  mineral  whiclt 
■t  »  rod  beat  parts  with  oue-lhird  of  the  oxygen  which  it 
flOBtaina,  whilst  a  reddish  brown  oxide  of  manganese  remains 
bekiad.    This  deeoniposition  is  expre^neil  in  sjmboU  as  follovra; — 

3MdOj  give  >InO,  MnjO,  +  O,. 

The  mineral  moat  be  reduced  to  small  fragments  of  alwut  the  size 

ui  a  pea,  and  introduced  into  an  iron  bottle,  fig.  244,  to  the  Deck 

of  which   an   iron 

pipe  is  fitted   by  Fio.  a^. 

rriiuling ;  tlie  hot-  j 

He  h  heated  in  a 

fjruace,    and     tile 

p»  is  couscycd  to 

tl>e  ga»-h'4dt;r  by  means  of  n  piece  of  flexible   metallic   piping  of 

'  Dvnaa  anil  BiitiaAitiuanll  foimd  tho  Aen*\\f  <if  vxj^  nlmovt  cxaollv  tbe 
«n«a«tbagiTcii  above— fit.  i-iag7;  Sanuan  »UUa  it  to  be  i-io^d. 
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merAKATioN  or  oxvobk. 


Buitaltlc  length.  Aa  the  oxide  of  nianfuieM  osnalljr 
portkiu  of  wstcr,  and  frrqumtly  also  tome  carbotutc  of 
first  effect  of  heat  is  (o  drive  off  a  <iaaiititT  of  Bteam  mixc 
gaa  which  nmoiKt*  principally  of  carbonic  acid.  When 
tkat  comoa  off  rekindles  a  glowing  match,  it  tnay  be  coHociii 
me.  Black  oxide  of  rooingnncsc,  wlicti  pure,  funiiihc*  aboai 
ninth  of  its  weight  of  oxygen ;  but  u  met  with  in  cow 
it  aetdom  yicldh  more  than  half  this  quantity,  a  poiuid  givi 
about  1400  cubic  inches  of  the  gas. 

3. — A  HUpfily  of  very  pure  oxygen  mny  also  be  obtained  r 

by  the  action  of  bcal 
^•*-»*S-  thcwlt  known  as  ch 

of  potash  ;  300  or 
grains  of  this  i>altm 
heated  OTcr  a  gas  Bam 
cbnrcoal  lire,  in  a 
glaM  retort  or  in  a 
rencc  llask,  r,  (fig.  345 
nishcd  with  a  cork  wli 
ndiiptcd  to  a  Wiit  tol 
delivering  the  gas:  th 
fti!^<i  at  a  licnt  belo* 
nr8«,  and  at  a  tempa 
a  little  nbotc  its  iDi 
point  emits  a  largo  1 
tity  of  gn.%  which 
be  collected  in  jars  over  water  in  the  pneumatic  trough,  or  it 
if  not  wanted  for  ironK^diate  use,  he  stored  up  in  a  gii*-holdcr 
If  a  jar  of  th«  gas  be  clgaol  with  a  glass  plate  it  may  rmd] 
inviTlcd,  aa  at  .1,  fig.  n6,  an<l  its  power  of  supixirling  eoc 

te«t4>d    by    a 


Fiu.  346. 


ff 


lie" 


shown  at  b.  Tli 
furnished  by  dilora 
potasli  anion uta  to 
lliHii  one-third  of 
weiglil  of  the 
I  ouncfl  of  the 
•liould  yield 
cubic  iiu-Im, 
i  galloni  of 
f"   ,   •.      / 


n  CQuiiiouud  of  cbluric  acid  with  |>ot*sh ; 

of  oxygen  aud  diloriuo  ;   Ui«  pola*b,  of  mrgrn  ami 

butli  the  chloric  actd  and  the  potash,  wben  bcatod 


PBEPAKAftOK  Of  OXYOBN  PHOU  CULOIUTK  OP  F0TA8B. 
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ilecompcMed,  and  ^ve  up  all  their  oirgen  iu  the  ffftseoiis  ionn, 
viuUt  the  chloriiH-:  and  potiLssiuta  unite,  and  <.-oiistitutc  tlic 
white  salt  which  remaina  ia  the  retort  when  the  operation  is  over. 
,  Tlic  foUowiug  disgnun  may  assiftt  in  explaining  tltcse  effects : — 

Jatdr  ^vu^ufilwu.  AflKP  il^nnflpvultfDn. 

"T     "'9  I  „M.-«..™^   •  j^     of  poUuDtuai  (KCl) 


■■'] 


^■^     J       CIO,        fjBi.  =  40    Mygeo 

I'ffitT™'!   J    '=S-1T    ('Eq=39    poi*-(ui>i{Kl 

ij—j''-'"*'   Viio*Mh.lKO)  (I  &|."  8    oire«o      (Qj—      ^    6Eq.-46*iygwi, 

H  Or  in  BymboU:  KO,  ClO^  yield  KCl  +  O^ 

^■4.  AVhen  the  (Quantities  of  chlorate  employed  are  rather  large, 

^Blicat  rr<)uin.'d  in  apt  to  M>fWn  the  glass  of  the  flask  in  which  it 

BBeeompoi^eKl.      It  has,  however,  been  found  that  uiauy  metallic 

I  andcs,  if  tniscd  in  fine  powder  with  the  pulrcriacd  chlorate  iu  a 

pniportioii  of  ttot  lew  than  one  jiarl  to  ton  of  the  italt,  cause  the 

j  npulnon  of  the  gas  at  a  much  lower  u-miKrature,  ranging  between 

450°  and  5co°  F.,  aUhougli  »uol)  oxides  luive  not  been  proved  to 

UHpieiice  any  chemical  rhau<;c  duriii;;  the  operation  (863).     It  ia 

PHefore  conrcnicnt  in  pnurtiee  to  uii\  the  chlorate  of  potaah  with 

I  abont  a  fourth  of  its  weight  of  black  oxide  of  copper  (CuO)  or  of 

Bunganoe,  that  has  Wen  prcriouidy  hi-atcd  to  rcdnires  and  allowed 

loeool.     'Ilie  ga<i  which  is  obtained  iu  lhi:t  way  \&,  however,  apt 

eoDtaio  traecs  of  chlorine,   and   the  heat   must   he  carefully 

:hed,  aa  a:  a  particular  point  the  ga*  is  disengaged  with  very 

rapidity. 
Oxygen  may  he  obtained  from  various  other  sulistances,  but 
already  mentioned  arc  the  best,  and  are  the  materials  most 
lU'iidy  euiployed.  Red  lead  and  the  peroxides  of  mont  of  the 
la,  such  as  those  of  silver  and  lead,  as  wdl  as  saltpetre,  when 
ed  strnngly,  furnish  the  gas ;  and  a  mixture  of  sulphuric  aeid 
ill  lis  eonccninitcd  form  with  half  its  weight  of  powdered  oxide 
of  manguncse,  or  of  uciil  ehromatc  of  potash,  may  b1«o  be  made 
of  by  applying  heat  to  the  materials  placed  iu'a  glass  retort.'" 


'Arid  clir«iBstr  of  potuh  ■nil  inlphiiric  Rfid  irb«u  lirated  together 
o  a  doMioipOiiltion.  in  connrqiiriuv  of  wliich.  oxyKi'n.  acid  mlphate  ttt 
and  niI|>halo  of  chroauoai  arc  produced.  Tins' chsDge  may  be  repnv 
in  iho  folloninf-  manner  1— 

IB.  Faluk.       Balpb.  Af ill.         Xai  Ssliih.  IVuih.  fslph.  ehcora.     WUn.    Oi(n. 

'(10.  »CrO,)+s(HOrSO^)=KO.  H6.~7sd,+dr,0,.  .iSOj + <  So +^ 

Btft  or  (he  aulpliHriirsctd  i«e(npt«jcd  iii  tlitjilMiiiK  the  ehromie  acid  from 
tbtdilcfarumsteof  potMli,  nnd  in  fi>nniD^seidsul|)Iial«  of  potash  in  iUflaoe, 
*)ulit  aaoiliiT  portion  of  tlic  mlphurio  scui  as»i»l*  ia  deMsapMint;  tlie  lil'o- 
Bi*del"-""i-  "■''■'■  whifhlow*  half  its  oxjbpd  »ad  become*  ■■ntiTrrlwl  into 
•tide  <i  I.  ii")  lliis  oxide,  by  combiaia^  wtlh  the  nulphuric  acid, 

binBtiLi,  :  -tjrvmiuu. 


R 


UATTIB  XOX  DCtTKOrBD  OV  COKI1V8TI0X. 
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^386)  Nalun  of  Combtitlimi. — The  dtatiuguishiag 
oxygeit  is  iU  rcmarkkblo  |>ower  of  tup|Hirtii));  contbuttion. 
ever  aiijr  npid  chemical  actiou  attcDtlnl  «itb  ratricutiou  of 
ttod  heat  Uikes  place,  combtulian  Ik  aaid  to  occur.  Iii  on 
oonmencc  this  action  it  is  goncrally  DcccsMry  to  apply  beat ; 
wards  the  bcitt  n'liicb  is  li(icrnti.Ml  during  the  procen  is  more 
sufficient  to  carry  it  on,  aud  the  act  of  cumbioaltou  prooeedi 
increftsitig  rapidity.  A  *tick  of  charcoal  iiiay  be  kept  in  osy\ 
common  temperatures  for  years  without  entering  into  conibii 
with  the  gAS,  but  the  Hmallett  »|)iLrk  ti|N>n  tlie  iturfaoc  of  the  cbi 
will  suffioe  to  determine  its  immcdiute  and  rind  oombustiou. 

It  must  ever  be  bonie  in  iniud  that  iii  (he  eiuM.*  of  cuuibu 
M  in  every  instance  of  cbcmiotl  action,  how  completely 
combustible,  or  body  which  is  burued,  may  change  ita  foi 
even  to  disappear  from  our  sight,  there  is  no  actual  drstnn 
matter,  or  lou  of  weight.  A  cwulle  in  bunuog  Bccms 
completely  de»troye<l ;  niii)  when  the  combustion  ia  oter,  an  . 
nificant  trace  of  asb  6-om  the  wick  is  all  that  remains  to  tbi 
It  ia,  however,  ca»y  to  nhow  ihut  there  is  iio  lurtiud  dcalructi 
its  components  in  tbia  operation,  but  that  the  constitoeuts  1 
candle  in  bunting  linvc  eouibiucd  with  a  ccrtuiii  proporti 
oxygen,    aud   tliat  the  ai>nform  cuupouuds,  carlwuic   acitl 


forfl 
itru3! 


Fio.  >4J- 


aqueous    tapour, 
■re    the    mult  t 
oombu.->tion,  thou| 
aiblo,  really  wei| 
tliuii  Uicorigiitid^ 
the  gaiu  in  weigf 
acnting  t)ic  qil 
oxygen   which 
dnccd      the 
ehuugo  by  ita 
tiou  with  llio  mat 
of  till!  cAJidie. 

The  experimcct 
be  c<oiidiict«.-d  in  th 
lowing  manner: — 1 
(fbm  tuhv,  A  D,  Rg; 
14  or  t_5  inchm  lon| 
i'.    inch    in    di 


ihruKi 
icnuie, 
the    lube,   awl 


a   pii-ce 
/.  Iinir  w| 


IKIMTJkXKOI'!)  COHnClTIOS QDCX  JISD  8tOW  COMUCSTIOV. 


'  htAf  with    rragmi-ntt  of  fused  pijliuih.     TIic   fuseil   jiota' 
luycd  tn   retain   both   the   carbouiL*  iicid    luid    the    ino 
locb  ore  the  only  rompoiind*  produccfl  by   the    burning 
if  it  I"  y  B)]p|)lic<t  with  air.     To  the  lower  end  of 

fit  a  ...     ,    I  I'orntcd  with  three  or  four  holea  for  the  lui- 
■ino  of  air,  aud  ra«t«n  to  it  a  short  piece  of  wax  taper.    To  the 
end  of  thtf  tube  wlnpt  a  cork,  through  which  a  short  piece 
t,  g,  atmni  ouc- third  of  aii  inch  in  diimietor  is  pushed.     Kov 
the  luhe  and  its  contvntx.     Ccmnwt  the  tube  3  with  n 
l^of  fiesible  tubing,  r,  to  an  awpinitor  jar.  o,  filled  with  water; 
the  atopcock,  k,  and  let  the  irnier  ttuw.     Th«  water  caiinot 
Kpn  at  R  till  itM  place  i«  sujtplietl  by  ntino«pIicric  air ;  and  mqcc 
■lie  aopinitor,  lhmii);h   the  tut>n  c,  is  eonnectod  with  \  n,  which  nt 


i 


I  ertmtnntiicalrM  freely  with  tlie  utinmpherc,  a  current  of  air  is 
iUhlt>hc<l  tlirough  k  B.  Now  withdraw  the  cork  a,  light  tie 
Lbt,  sod  i^nioklv  rcplarc  it  in  tlic  tuhc;  in  Bl>out  three  tninutcs' 
Inr  doat^  thti  stopcock  of  the  a»piraIor :  the  taper  is  inntnntly 
■tifl^ivhcd.  Detach  the  tube  c ;  the  glass  a  b,  when  cold,  will 
||U|  aereral  p^ins  heavier  than  before. 
^■1  the  onlinsfy  temperature  of  the  ntmosphere  OKygeii 
MnlJy  cDt4fr»  slowly  into  eonibination  without  any  perceptible  di 
||tti  ''heal,  as  when  a  bar  of  iron  b  grailoally  rusting  in  th< 

HT  .  r  inRtancca,  where  the  process  is  more  r..  .'i.!!.!-  L-.*-. 

■BnanlstisB,  and  sometimes  it  rises  high  enough  to  cau*c  i(ii»  Rm< 
bl»  to  biir*t  into  Unnic.  pro<luoing:  what  arc  cidled  ca>"  n 

Ipias  ooinhu>tion.  Charcoal  thnt  has  been  reduced  to  li  ,    <  ,  w 

^Httminary  to  the  manufActure  of  giin|)0«d(T,  and  winch  oti'era  a 
^Btdriare  to  the  air,  occasionally  exhibits  this  phenomenon ;  and 
^B^  mora  often  manilcKtod  when  tow  that  hiu  been  used  for 
ll^Kaic  madiincrt-  lultricaLed  witli  oil  is  laid  aside  in  hea|)A.  Tlie 
BakeD  s^ireail  over  so  large  a  siirfsoc,  abwHn  oxygen  rapidly,  and; 
^Ibmprrnture  goes  on  rining  until  the  mass  bursts  into  tlaoiD. 
friie  uxid-ttion  of  the  metals  has  been  obwrvcd  to  take  place 
'"—I-  -rire  rnjiiilly  in  a  moist  than  in  a  dry  atmosphere.  A  bar 
il  m>»  will  rcmaiu  in  dry  air  unchanged  for  any  length 
Blpe,  tHit  if  niotature  Im  prcnout  it  will  (luickly  become  rusty  ;  ttvc 
^Boflnmin  this  case  combines  with  the  water  which  it  absorb* 
IBflhe  air  (^'St)-  I"  ^^^  '^'^"^  ^^  rtoa,  the  oxi'Ution  continues 
IVfl)tiaut  thriini;h  the  entire  moss  of  the  metal;  hut  in  other 
IHUccs,  as  wx-ura  with  Icul  and  line,  a  >iut>erticinl  ooul  of  oxide 
^Binnl.  whtrii  wlhcrcfl  Armly  to  the  surface,  atid  protects  the 
^Kl  111  furtlii-r  change.  d 

PF"!.!.-    V   ^uo  lisvgan  i»  diiated,  vrbetlier  \ij  diminutiou  A 

'  v.^       J 


m 
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pressure,  or  by  mixture  irith  a  gas  wliicli  iloes  not  ac     '  iliy 

upon  it,  as  vith  the  mtro^n  of  tlie  atmospliere,  the  .<  i  iLii-d 
is  the  ti-mpcralure  wliicli  ii*  produced  in  a  giwn  timti  hy  cnmlni*- 
tion,  bccaiiM!  Pewt;r  particles  are  in  coutact  with  thi  '    ;  Iwdr, 

and  the  more  sloirly,  in  eon«.-f]tK;ticc,  duc^  tlio  oj;-  ;irucccd. 

The  activity  of  tlie  comhtiHtioii  is  greatly  increased  by  increaanij 
the  number  of  particles  of  oxy;^cii  wliicli  nre  bronj^lit  tit  it  gives 
time  iuto  ix)iita>:t  niiii  ilie  combuntibliH,  and  by  cariyiug  away  the 
gaseous  products  of  combustion  wliicli  arc  iiicKpubIc  of  combining 
nith  llio  fut-l,  ttiid  wliii'Ii,  if  niiflt-ri^d  to  accumulatD,  noutd  cut  off 
the  supply  of  fresh  oxygen ;  iu  this  way  the  uctiou  of  the  smitb'i 
bellDivn  and  the  blowing  iiitichine  of  the  blast  furnace  may  be 
explained.  The  iiifiucncc  of  a  long  chimney  in  prodiicin-;  aponcrful 
heat  in  tiic  furnacvnt  its  b;i»c  i«  Himilur;  whilst  tin- efltiet  of  dimi- 
tiishing  tbe  supply  of  air  by  closing  the  damper,  or  shutting  the  door 
of  the  ii!«h-pit,  is  seen  in  the  diniini><>hcd  temperature  and  reduced 
consumption  of  fuel  which  occurs  under  such  circumstances. 

Tt  is,  however,  important  to  remark  that  the  qnuntily  uf  heat 
emitted  dnring  the  combination  of  a  given  quatitity  of  oxygen  is 
definite,  and  is  dependent  in  part  upon  the  chcmictil  nature  of  the 
burning  body,  but  it  is  independent  of  the  rate  at  which  the  COQU 
buittion  is  effected.    (1478  el  sey.) 

The  act  of  respiration  in  animal.*,  during  which  the  oxygen  df 
the  air  is  brought  into  contact  with  the  blood  tlirough  the  agency 
ofthe  lungs,  i.«  attended  vrilhai^loweliange,analogouH  to  combustion, 
and  is  accompanied  by  extrication  of  heat ;  an  oxidation  of  a  imrtion 
of  tlie  constitueutM  of  the  blood  occur*,  and  nt  the  same  time  tlic 
colour  of  the  blood  is  changed  from  a  dnsky  purple  to  bright  crimson. 

All  bodies  may,  with  reference  to  combustion,  be  amtitgcd 
under  one  of  three  clasacs.  The  first  class  consists  of  Iwdtca  which, 
like  oxygen,  allow  other  substances  to  bum  in  them  freely,  bnt 
which  cannot  theRiseUeji,  in  ordinary  language,  he  set  on  dre : 
these  are  tenned  supporters  of  combutlion.  The  second  class  coo> 
aists  of  bodies  whtth,  like  chmcoal,  nettinlly  bunt  when  suflicienttj? 
heated  in  a  gas  belonging  to  the  first  class  :  these  substances  are 
termed  combiutMi's.  The  thinl  class  cnil)rno(rs  Hiich  bodies  a»  will 
neither  bum  Uicrascivcs  nor  suppoit  the  eonihmtion  of  others ; 
they  may  be  made  red  hot,  but  do  not  burn ;  suud,  iron-ni»t,  and 
earthy  bodies  in  general  are  axamples  of  this  kind;  they  are  for 
the  most  part  comjioimds  that  have  at  some  lime  or  other  been 
produced  by  combuBtion ;  tliat  i«,  they  are  bodies  that  liavc  been 
iiIrMdy  buniLMl,  and  arc  no  longer  lilted  to  undergo  this  change. 

(287)    Varietiet  of   Oxides. — The    compound*  which   oxygen 


ACTBI— BAKE* — l^rKKMBDIATB   OXIDES. 


-  •'    T  elcnuiots  an-  in  cliemicd  taogiuigc tcmcd  ofiVey, 

I'll    ba*  (Miiibiucd   with  as^gcu  is  said   to  Iiavr 

TUo  mimliCT  and  variety  of  llicsc  compounds 

I  If  oxvgoii  IN  the  niut't  widely  diffiiwd  ntid  atmii- 

Liciits.     It  coa<<titiit£:.<i  about   n   fifcli   ici   bulk  of 

■■n ;   it   rnniui   cigtit-niiith«  of  all  the  water  on   tliv 

it  is   not  le»s  extensively  met  with  nnioiigTtt  tti«;  solid 

titiumu  of  llic  wrtli :  sjlicn,  in  all  its  rarictics  of  sand,  flint, 

crvotal,  He. — cbalk,  liuMt^uiiic,  aiid   marble — and  all 

-  LituU  of  olujr,  cHc'h  contain  about  half  tbcir  weight  of 

III   tlio   formn  of  nnimid    and   vcgt-tuble  life   it  is  alra 

enerallf  dirTuHuil ;  it  in  indeed  abmlutetj-  csscuiial  to  the 

iiiDo  of  the  viul  fiiuctionM  m  Iwtli ;  and  oltliough  not  the 

||)t>dy  which  is   fitted  to   support  combiiation,  it  is,  from  iu 

in  the  utinuKplierr,  the  i:!(:iucnt  which,  in  the  vast  uiajo- 

inaLntnins  combuetiou  ou  the  surface  of  our  ptauct. 

;  the  varied  eouiimuDds  fonnisl  hy  osvgrn  it  it  mnark- 

tbcR-  exist  two  clones  which  are  in  chemical  properties 

ropjtoMrd  to  i-aoh  other,   Mauy  sutHtauccs,  like  phot^phorus, 

mtubiiuition  witli   oxygen,  yield   a  comjiouui]   irhidi   is 

lulilo  in  nater,  has  a  oonr,  burning  taste,  and  turns  many 

blue  colours,  aitoh  as  the  \iUie.  of  an  infu^iion  of  litmua 

'  {lOrpJif  cDliba;^,  to  a  bright  red,  and  which,  in  short,  possnsca 

trtfr^  uf  nil  arid.      All  the  clcincutH  which  are   uot  me- 

Bth  tilt  i-xcepttoti  of  hydrugcu  and  uf  fluorine,  form  with 

I  one  or  mora  acid  comiiouudH.     Mo«l  of  tlie  metala,  tiov- 

liy  thrir  iiiiioM  with  o\yf;pn.  Rive  rise  to  bodies  of  an  opposite 

whiiJi   linte  U^rii    termed   baacs.     PoIiiMiiuni,  for  enainple, 

burned  in  oxygco,  furnishes  a  white  alkaline  substance, 

1  Ivcd    rapitlly   by   wnf-r,  ami    producw    a   coloiir- 

>    .  I  90Bpy>  diugrecahlc   lasie,  and  a  peculiar  lixivial 

it  lia«  B  catulic  action  on  tliokin,  restore*  the  blue  colour 

(  t)ecn  reddened  by  an  acid,  and  it  completely 

.^t»it  aciiU.     Other  nietaU  form  oxides,  which, 

BOt  Miliible   iu  water,    Devextheltsa  preserve  their   basic 

■|  otly.     Protoiide  of  iron,  for 

<      ^  iind  forms  irith  it  a  crx'Stal* 

alt.   It  ia  found  that  when  nu  elcmeut  combines  with  oxygen 

'     '  ■<  with  a  larger  nuuitier  of  cipiivoleuls  of 

I    is  the  result  of  tlic  combination. 
'-  bctirciti  tlio  ociila  aiu)  base*  is  a  third  dasa  of 
'  '        .'.•'.'.■  combinatiou  with  either 

.-..iitac  {.MiiOj),  the  luaj- 
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^ttic  oxide  of  iron  (FcO,  Pe,OJ  and  red  lead  (aPbO,  PbO,),  rosy 
be  iReution«d  &s  instances  of  this  kind :  sucli  oxides  are  often 
producwl  by  tlic  ui.ioii  of  two  other  oxides  with  each  other.  Tbwe 
indiffcrfnt  oxulcs  arc  wmictimes  termed  aaiine  oxides,  from  their 
auiilogy  t»  sa'*"  i"  composition. 

(i8»}  OztixE.— When  n  suecessioD  of  eleclric  sparks  is  tram- 
aitted  tlirougli  ntmospheric  nir  or  through  dry  oxygen,  a  peculiar 
4oat  U  pcirceifed,  which  has  by  some  been  compared  to  that  of 
reak  chlorine  To  the  l)ody  which  produces  it  Schonbcin  gare 
be  name  oforone,  from  the  cii-cutii«tauce  of  itsi  pot^sc^»iiig  a  iwvferfol 
-odour.  Opiuioiw  upon  llic  cause  of  this  odour  were  long  divided; 
but  the  couciirrcut  observations  of  several  accurate  cxi)cri»in-iiuJ- 
juta  seem  to  iudicttte  that  it  ia  owing  to  a  modification  pi-odueed 
2i  oxygen  itself,  by  which  it  is  made  to  assume  a  more  actiw  con- 
Ijtion.  One  of  the  easiest  methods  of  exhibiting  the  pniduction 
f  oionc  consists  in  Iraosraitting  a  current  of  oxygen  through  a 
tube  iii^  which  a  pair  of  platinmn  wires  is  sealed,  with  the  points 
.  „  little  distance  apart :  on  ooniiectiiif;  one  of  the  wires  with  tite 
r  ■  Qg  conductor  of  an  electrical  muchiiiK  in  good  action,  whilst  the 
iher  wife  is  ™  conducting  commuiiicatioo  with  the  earth,  tbo 
^B  nliar  odour  of  ozone  it*  ininiediately  dcvclo|wd  in  the  inKuing 
^■^      .   hut  notwithstuiKliiig   the  yiowerful  otlour  thus   produced,  a 

*  •  ,ute  portion  only  of  the  oxygen  undci^oc*  this  change.  Andrew 
*"  IT,,;*  iFhil.  Trans. i^fio]  have  ?howu  that  in  order  to  produce  tlw 
""'ximnm  effect  in  elcclrifjitig  oxygen,  it  is  necessary  to  transmit' 
"r  discharge  mlenliy.     By  operating  iu  sealed  tubes  upon  pure  and 

*  „  tJiey  succeeded,  when  great  cure  was  taken  to  prevent 
^'y  r*',,^ifl»ion  of  sparks,  iu  converting  a  large  portion  of  the  pa 
.  c  Ojtone  is  much  dciuwr  than  oxygen  itaelf ;  by  a  conti- 
into  ojso"  ■^j^^||g^(.m„i,,t;aincd  fur  uiiiiivhours,they  succeeded 

°"T  1Z  a  eontruciion  in  bulk  of  the  ga-  amounting  to  one-twelfth 
'^f '.he  e  lire  volume  Oi«rat«l  on ;  and  on  heating  this  gas  to  55°  V- 
of  the  enur  .     j  j,     jj,^.  ^^         r«»med  its  ongmal  volume. 

the  o=»>»'^^'^^J^7,U^^^  ,p,rk  also  imme^liately  destroys  a  larg« 
'"'l^STof  be  o^nc  which  bad  U«n  previously  produced :  Au- 
r^Slti     lowever,  hesitate  in  admitting  the  hvpothes.s  that 

"      M     .V   ha  in  Acsc  experimcnU  the  oxygen  tnay  he  decomposed 
l^'       V  Llj  ^me  other  sul,stance  not  at  preaent  recogn.«,d. 
iuto  oxone,  and  some  o  ^^  ^^^  supposition. 

Great  'l'"^'^"  ''^;XX  U'*  '^'  ^^  "^  ''''^*""'^'-    "^'"""^ 
"■""  fofoi  of  vitriol,  contains  o««.ci  it  has  a  powerful  odour. 
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tai  he  found  that  it  oxidizo):  ainmcnia,  and  kindles  the  less 
wfiiBUDilile  rariet^  of  ^hi>«{iliure(totI  liydrogmi  (,171^) ;  after  it  hatt 
been  lieatcd  it  no  longer  possesses  these  properties.* 

If  8  Hlick  of  clenn  pliotiphoniti,  moistened  nitb  m  fe<r  drops  of 
■Iter,  be  placed  in  a  bottle  of  atmospheric  air,  the  slow  oxidation 
of  the  pb(MplK)ru>  i«  attended  with  the  production  of  ozotie  :  in  an 
boor  or  two  ibis  attains  its  maximum.  If  the  phosphorus  be  not 
then  nanr>\-cd,  the  ozonv  hy  degrees  disapjiears,  owing  to  it«  com- 
Uitttion  with  the  phosphorus.  No  ozntie  is  formed  if  the  air  be 
pofectlT  dry,  and  dry  oxygen  is  not  ozonized  by  pho^phoruif.  It  is 
ibo  probable  that  nione  is  formed  iu  other  slow  oxidations,  such  as 
1l«t  of  ether,  and  of  oil  of  turpentine.  Sehonbcin  appeant  to  have 
pored  that  in  all  the»e  eawa  the  formation  of  o«one  is  accompanied 
by  that  of  binoxidc  of  hydrogen,  a  fact  which  is  trne  ulito  of 
dectrolytic  oitune.  Osouc,  as  oht^iiiied  by  any  of  the-ie  processes, 
i»  preseut  in  but  veiy  minute  quantity,  being  diluted  with  from 
jj  to  zoo  time*  its  volume  of  oxygen. 

When  diluted  sulphuric  acid,  or  a  solution  of  the  solpliates, 
diroRiatvx,  plKMphatcs,  and  several  other  ^alt*  of  the  alkalie»,  is 
draomposcd  clectrolytically  between  plates  of  platinum  or  gold  by 
the  voltaic  iMtterr,  the  oiygeu  which  is  evolved  Iia^  a  powerful 
odour  of  oxoue.  The  exi)eriineut(t  of  Andrews  [I'Ml.  Traiui., 
1S55  and  )86o)  appear  to  liavc  CEttil>lisbcd  the  identity  of 
the  oxone  obtained  by  the  electricity  of  the  machine,  with  that 
fndaoed  by  voltaic  action,  as  well  as  with  tliat  obtained  by 
the  decom]ioAitiou  of  i>eToxide  of  luariuin,  and  by  the  oxidation 
of  pbosphorns,  although  it  was  maintained  by  Baumcrt  {Poggt-nd. 
Atmal.,  Uxxix.  38)  that  electrolytic  ozone  contained  a  peculiar 
jKiuxidc  of  hydrogen,  as  Sehonbcin  himself  at  one  time  supposed. 

Pr»iuTtiet. — Ozone  i*  insoluble  in  water,  and  in  solution*  either 
of  acids  or  alkalies.     Air  charged  with  ozone  exerta  an  irritating 
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•  T^ii  r«BdiT  i»  (wrpirnil  Tor  Soh&nbnin'*  »peciiliitii>ii«  upnn  the  i«ti»tiMipfi 
rf  fT,!  ,ip[..Tnit4!  fflrnu  of  oxvjinn.  oione  and  antosoiit,  to  the  Phil.  Mai/,  for 
!■  ,-  KK  inj[iiiiiHiii.  iiiil  all  hough  the  csinlfaeeof  two  oppositc-lj  pioU- 
"  ■  hiul  prpvtomly  bi-iti  wndiMvi)  nrolinhli?  hy  tlii!  «xpi'riiii*iit*  of 
8nki«  u>-i  oibcr*.  il  i»  not  very  nrobabk-  tSnl  oK'Jiie  i»  tli»  isolated  form  of 
m  of  ilinr  h<)-1i«H.  A  Biiitun'  of  u  solution  of  piTiuaiiKanfite  of  potseh  with 
oasof  I  '    '  rhydi^eaerolvps  oiyg^'U.iihiUt  liy<lr>tcd)ior<mdc  ofmim- 

nwti'  '  xt^  I  sQiJ  in  like  manner  a  tolntion  of  cbromie  arid  Bcidu- 

Mt*<)  ••  I  irie  spid  gim  off  oxygvn  on  the  Addition  of  peroxide  of 

^tlno.'  ^nwasulph>(ri>retiroiiiiiiDi  in  produdi-d.     lionets  it  Lai  been 

■tppna-ii  iri:ii  : i.<:  oxjitm  in  ibe  pprmineanie  or  clirotiiiu  acrid.  M  iu  nn  oppo* 
•to  |>nlar  coiiiiitji)»i  to  ibc  »c«ind  ntarn  of  oxys^n  in  the  peroxide  of  hydro- 
i_k..  t...  t-.i^j  (^  uniou  betneen  llii-ie  liro  supposed  oppoiit^ly  polsr 
11  cuiit'vii'i-d  Iu  bv  tb«  cause  of  the  d«coiupoutloa,  oiid  the 
a i..uun  is  the  gittom  oijifcn  vrluuh  eicapca. 
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action  upon  ttie  nspiratorr  oi«iu)a.  Ozone  posaeescs  considerable 
blecdiinf;  powrrs,  actit  mpidly  lu  n  powerful  oxidizing  agent,  uud 
corrodeB  organic  matters,  auch  aa  the  rork  or  caoiitclioiic  used  in 
connecting  ttic  difitTcut  pnrt«  of  the  appartttus  togctbcr :  fragtncntu 
of  iron,  of  copper,  and  even  of  silver  irhen  moistened,  mpidty 
iibKorh  it  citid  Ix-comc  converted  on  thoir  suriacc  iuto  oxides ;  silvef 
ercn  becomes  a  peroxide,  though  tliia  metal  due:*  not  enter  into 
direct  combination  vritb  ordinary  oxTgcn  cither  when  moist  or  dry. 
When  the  oxone  and  the  metaU  arc  iierfeclly  dry,  Httlc  or  no 
nlnorption  of  ojtonc  ocxura.  Dry  iodine,  also,  immediately  rcrnoro* 
oEone.  It  is  tvmarkahle  that  no  contraction  follows  the  absorp- 
tion of  oxoiie  by  this,  or  by  any  other  ttgcnt ;  this  point  vaa 
carefully  and  minutely  olwcrred  by  Andrews  and  Tail.  Hence  il 
ttccms  to  be  probable  that  the  oiiodc  is  resolved  into  n  <iuautitf  of 
onliiiary  oxygen,  e<jnal  in  bulk  to  itself,  which  is  lilHTalcd  at  tilt 
moment  that  another  portion  of  oxygen  enters  iuto  combinatioii 
with  UiR  iodine.  Ozone  displaces  iodine  from  its  conibinntiotd 
with  the  metals,  setting  the  iodine  at  liljcrty ;  indeed,  this  reaction 
is  so  easily  produced  tbat  it  fiimisbcs  tlic  readiest  and  moi^t  deli- 
cate method  of  delecting  the  presence  of  traces  of  ozone  in  tlU| 
air;  a  slipof  paper  moistened  with  starch  and  iodide  of  potassium, 
and  itinertcd  into  a  vessel  containing  the  iimalle-'<t  aihiiixture  of 
oxonv,  becomes  blue  from  the  action  of  the  libcrau-d  iodine,  whtck 
immediately  nnitcn  wilb  the  starch,  and  forms  the  bbu-  ioilidc  d 
«tarch  which  is  so  characteristic  of  iodine.  Indeed,  pure  oxygen 
contained  in  n  tnl>c  inverted  over  a  solution  of  iodide  of  potassiuoi; 
i«  entirely  absorbed  by  the  litinid,  if  the  fjascs  be  subjected  to  tfag 
passage  of  electrical  sparks  through  it  for  a  sulTicient  length  of  timet 
Paper  soaked  in  a  soiution  of  sulphate  of  manganeae  (MuO,  S0| 
likewise  shows  the  presence  of  oxoue  by  becoming  brown,  owing  to 
the  manganese  wliicli  exists  as  protoxide  in  the  sulphate  aasuiniiig  an 
additional  oquivuleot  of  oxygen,  and  becoming  conrcrtcd  into  tiMf 
insoluble  hydrated  [leroxtde.  If  the  pajier  be  stained  black  n'ith  «ut 
phidc  of  lead  (Pb  S),  this  stain  will  gradually  di^ippear ;  both  the 
sulphur  and  tbe  lead  will  absorb  the  oKone.or  active  oxygen,  and 
white  sulphate  of  lead  (PbO,  SOj)  will  be  formed.  One  of  tbc  moa| 
siiigtdur  circnni stances  connected  with  oicone  is  Lheeflcct  of  ht-al  upon 
it.  A  temperature  not  much  higher  than  that  of  boiling  tvater  it 
aufficient  slowly  to  destroy  all  its  active  character,  aixl  the  cliuti;;(' J< 
itistantaucous  at  the  temperature  of  570^.  By  placing  the  tlanm  q 
a  Bpirit-lamp  so  as  to  best  a  part  of  the  tube  through  whiel 
electrified  oxygen  escape*,  all  sigii-s  of  oxonc  dif^ppear.  Oxoni 
^  obo  deozonizcd  by  tratugnissiun  over  cold  peroxide  of  ma: 
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If  a  [licce  of  isi|ier,  soakocl  m  a  inisLluro  of  Btaivb  and  io3i(t<?  of 
jutniaium  br  rxpo«cd  in  tliv  open  air  for  five  ur  ten  minutL-s,  it  uftcn 
tcqnirat  a  blue  tlut,  the  intenuty  of  wKicli  Tarica  on  difltrrent  days; 
•omctiincis  |>arucuIarlT  ia  dnm])  or  f<%gT  weather,  do  change  is  ' 
jmilnced  bjr  mich  exjiOKurc.  Tliene  efl'eeia  are  |ilauHtti)y  tiiiji|iofiecl  to 
be  oving  to  the  presence  of  traces  of  ozone  in  the  atmosphere ;'  and 
iheorints  are  not  vranting who  belierc  they  haie  triieetl  tlie  jjnn'alencG 
of  chnlera  and  other  epidemics  to  the  unusual  absence  of  ozone  in  the 
.:r,  during  lengthened  ]>criod«.  Iodine  may,  hoirever,  be  liberated 
ran  iodide  of  potasMum  by  nitroos  acid,  hy  chlorine,  and  by  rarious 
.;-eBIs  l)esiilc=i  oxone,  wo  lliat  lhi»  reitctiun,  allhongh  a  very  sensitive 
.i)e  for  ozone,  is  by  no  means  characteristic  of  ita  presence;  aitd 
liir  exixteiice  of  traces  of  uxonc  in  the  ntmuxphere,  (iroluble  tliough 
it  is,  coiutot  be  said  to  hate  been  unequivocally  proved. 

^  II.  NiTRoneK. 
N  =  14;  Com*.  Vol.,  4;  Sp.  Gr.,  0*9713. 

(iHg)  It  lias  already  been  obaerred  [iS^)  that  the  lar^  pTo< 
fortina  of  tlie  atmosphere  consists  of  a  {rascous  body,  wliich  bas 
heGnonniod  nitra</en  ('generator  of  nitre'],  because  it  is  au  caaeutial 
aanstitncnt  of  nitre :  ^metimea  the  name  of  asole  (from  a,  '  not,' 
i^,  *  lift--,')  IN  given  to  it,  becaii-'<c,  though  not  puisonons,  it  19 
JKapable  of  supporting  life.  This  clement  iras  discovered  by 
latherfonl  in  i;/S, 

Properties. — Nitrogen  is  a  colourless,  tasteless,  and  inodorous 
pa,  which  as  yet  has  re«ii<tcd  ciery  effort  to  liquefy  it.  It  is 
Mmiewhat  lighter  tlian  atmoAplicne  air ;  calculating  froxa  lU^nault's 
etjicrimeuta,  loo  cubic  inches  at 60^  F.  Bar.  30°  in.,  w(»gh  30*1 19 
grains.  Water  dissolve*  not  more  than  -dg  of  its  bulk  of  this  gas 
al  onhnarv  tempcratarca,  100  cubic  inches  of  water  at  32°  ab«oi'I>- 
iif  3*03  cubic  inelies  of  uitrogen,  and  1*4!)  cubic  inches  at  ^9° 
(BonscD).  No  two  Bnb»luncc»  can  offer  a  more  striking  contrast 
b  diemical  properties  tlian  oxygen  and  nitrogen :  the  one  the 
aost  energetic  of  the  elements,  the  other  the  most  indifferent. 
It  octiAguUhe?  u  tiigrr  vithout  taking  (ire  itself;  an  animal 
iaitmscd  in  the  undiluted  gas  perishes  quickly  for  want  of  oxygen, 
Int  it  ill  not  directly  jMisonous ;  indeed,  it  enters  as  a  necessary 
onopuncnt  into  the  animal  frame,  and  with  every  act  of  inspiration 
it  finds  iidmi-'<»ion  into  the  lungs.  One  rvry  )ni|)ortaut  purpose 
tlial  it  fulfils  in  the  atmnsphcrc  is  the  dilution  of  the  oxygen, 
'kicJi  if  reiidfrcd  thereby  lew  stiinnlatitig  to  the  living  system, 
uul  (lie-  raj'iilily  of  ordiuaiy  combustion  is  likewise  thereby  mode- 
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w  of  ttw  moBt  extensively  diS^t«ed 
«  «KM«  4k  rnifcm  frmn  Uie  Facts  just  sUIcd  ^  uid  { 
i|aR«t  iinlU|)DMlioi)  to  ctitt- r  into  LMmbir 
«rki4(Uiv  iiiu-n»tiiig  aud  important  comijod 
i«  rrmMrr*'""  witL  oxygen,  it  forms  uitrlc 
».•  Md»nl  Induction  wlirn  united  with  imtaah 
ot  tbosfi  bnacs  j  it  i*  die  vliarncu-mttc 
ftud  tbot^h  it  occtiK  in  but  smnll  (juaatil 
tntircly  nliHnit    from   theui.     Nilrogtu  < 
««  •vavtiAl  part  of  attkity  of  the  moat  ]iotent 
:h  w  (jiiinift  niid  iiior|ihin,  as  veil  as  of  I 
iiiigliinwiii  (wisniis,  as  prnwtc  acid  nnd  fetrj'cliniti. 
..<«^tW   nioet    CDiii-enient    luclliodB  of  ]>r 
>mkJ  «|ica  tlie  removBl  of  osyi^  from  ntiiK 
L%v  MMti4E«t  ploQ  coni'i.-'tA  in  plocinj^  t  few 
,MK  ikw^  ^?  nuMna  of  blotting  paper,  on  a  poroelaEtlJ 
Im^r*  ^nn  the  rarfoce  of  the  nutcr  of  the  p»e 
Jiv  MfcrrVr***"  i*  ignited  hv  tuiicliing  it  nitli  n  hot ' 
*  .oLViuw  Ulecl  with  air  is  then  inverted  over  it. 
M  tlio  cxpcu«c  of  the  osygett  in  tho 
'itr  cnnvrrted  into  tnpour  by  the  beat 
■  loii,  iit  diffused  tUrougli   the  gu»,   and 
>^  itut  and  combine*  witli  every  portion  of  i 
>iii^ii  niiiy  he  decanted  into  nuothcr  jarl 
.  1.0  r^'Hioi'iJ  of  o^ygeu  from  the  air  may 
«lui«ty  in  various  ways  ;   a  attck  of  pbonphor 
. ,  >  .  iiir  of  nir  which  is  standing  o\cr  wntrr, 
-A**'*'.  "'"'   '"  *""  ""^  three  days  Hioal  foiir<fif 
\<t  the  air,  oounb-ting  of  nitrogen  nearly ; 
i_    '■      •  ird  iron  filings  produce  a  nimiliir 
1 1,  jug  oxidized,  OS  is  seen  l>j  tlioj 
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cc  wliich  it  awnmrs.  4.— Wicn  latter  quantities  of 
tulrggcn  lire  K^uired,  uietallic  copper  niuy  be  employed  to  nbitorb 
tWosrgpa.  Ttie  niclliod  to  be  adopted  in  ttiis  cnse  in  exhibited 
in  fig.  i^it.  c  repn-MiiU  a  loiij;  tttraigbt  tiiitc  of  liiml  glivM,  nhidi 
«il]  r»i§t  a  strong  beat  without  fusion ;  it  is  filled  witli  metallic 
eopper  in  a  finely  divided  ittiiU; ;  fur  thi«  ptirpoKC  the  metftl  which 
liu  becD  reduced  from  the  powdered  oxido  by  means  of  hydro^n 
|M  !•  well  uilapLed.  The  tulw  c  rests  on  a  nhcct-iron  furuiLcc,  d, 
in  wiiich  it  caii  be  aun-outided  by  etuircosl  aiul  raifled  to  a  red  heat ; 
t'uB  b«ut  tube  fur  delivcriug  tlii;  giis  into  a  jar  over  water  or 
nercury  ;  the  other  extremity  of  tiic  tube  c  is  counected  with  a 
bnt  tu)w,  b,  filliil  with  frogiucnta  of  fused  caustic  potash ;  and 
Uie  air  which  supplier  the  uitrugen  i»  driven  from  the  gSK-liolder, 
t,inrer  the  ignited  cgppcr  iu  a  stream  which  is  easily  regulated  by  the 
Hop-cock,  /.  The  air  i»  fimt  driven  over  the  fnscil  |H>taiiili,  where 
it  leaves  all  traces  of  carbonic  acid  and  of  awistiirc,  it  then  pauses 
orer  the  iguit«d  co|)pei',  by  which  every  portiou  of  oxygen  is  coni- 
|lttely  removed.  5  and  6. — Nitrogen  may  also  ho  obtained  by  the 
•etioa  of  chlorineoii  a  solution  ofniiiminiia  (323),  aud  it  is  furnished 
■I  a  state  of  equal  purity  by  healing  the  nitrite  of  ammonia  (3il)* 

$    ni.   CouroSITIOK  OP  TUB  Atmospuehi. 

(390)  Ir  a  mixture  be  made  of  4  measures  of  nitrogen  and  i 
tuniire  uf  oxygen  gas,  a  candle  will  bum  in  it  an  in  atmo- 
ipberic  air  ;  it  may  be  breathed  as  air,  and  possesses  the  ordinary 
properties  of  the  air.  The  atniwiphere  i»  in  short  a  niechanical 
tdxture  of  several  gases,  amongst  which  oxygen  and  Qitrogvii  oon* 
oitnte  the  prindpnl  portions,  and  which,  notwithstanding  tlidr 
it-.e  iu  density,  are,  owing  to  the  principle  of  diffusion  (64), 
MM.;^.  Oily  mixed  with  each  other.  Cbcmicnl  operations  are  con- 
tiaually  oct^iirring  upon  the  earth's  Rurfaoc,  which  remove  oxygen 
mil  add  a  variety  of  other  gases,  amongst  which  carbonic  acid  is 
llie  most  abundant.  Yet  so  l>eautifully  adjnst«d  in  the  balance  of 
Aemical  actions  over  tbc  face  of  the  earth,  that  no  perceptible 
duuige  in  the  enm^KiMtiou  of  the  atinoApbcrtt  has  been  observed 
KDOB  accurate  experiment  on  the  subject  has  been  practised. 

Air  whidi  Itan  been  freed  from  carbonic  acid  and  aqueous 
T^xnir  consists,  according  to  the  numerous  careful  analyses  of 
Damas  and  Boututingantt  (Ann.  dv  Chimie,  III.,  iii.,  35;),  on  ao 
■tcngc  of  scSi  of  oxygen  by  measure,  and  79' 19  of  nitrogen  in 
10000  parts,  or  by  weight  of  23*01  of  oxygen,  and  /6'99  of  uitro- 
po.  ThcDC  experiments  were  i>erfornied  by  allowing  the  air  to 
Atam  aUrvrly  over  a  weighed  quantity  of  heated  copper,  whereby 
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the  ox jg«n  nai  nbAortwi]  (fig.  248)  wkiUt  the  nitrogen  vu 
iuto  ka  cxliaubtcd  flask,  wUicli  iriui  nrtglied  before  the  cj^im*! 
wdf  (■nmmeiiccd  mid  aHvr  its  tcrniiimtiuti ;  tlic  quaittity  of  01 
waa  found  \>y  the  gain  in  nciglit  cxjiericiicwl  1>J'  tlw  lube  coa 
iiig  tbc  copjicr.  'Vie  «s.uU«  obtaiiivd  by  Rcgimult,  B: 
Vorver,  and  others,  by  diScrent  methods  of  aimlysis,  do  uol 
more  tJiiin  -j-Jn  from  the  quantity  of  oxygen  juirt  menti 
Trilling  temporary  rariattoiia  no  doubt  otvur  from  local  cause* 
the  air  broiiglit  by  Gay-LuwMu:  from  iin  eIe\'atiou  of  four  milre 
tliD  surface  of  tlic  carlli,  that  collected  on  the  summit  of  Cite 
lUid  tliut  examiucd  both  in  town  and  oouiilry  in  vsiious  part*  < 
globe,  presents  no  sensible  diflcreucc  from  tht  inenti  aliove  gi 
ICO  cubic  inches  of  dry  air  weigh  at  60^  K.  and  30  iuc> 
cidtttiiig  from  the  exjieriuieiits 

of  l>uniiiti  and  Itou^niD^ult    ....   31*086 

of  liiot  and  Arago 31*074       1 

of  Prom 3"'oii7     , 

of  lU-gnaidt 30'935        1 

Thfl  second  result  is  probably  the  most  accurate,  for  it 
rmponds  with  tbc  dcmtity  deduced  from  that  of  it  niixt 
and  nitrogen   in   tlie  proportions   in  nbieh  Uiey 
lie  fitnuMpbere.     The  freight  of  a  given  volume  of  air  at 
nder  a  pressure  of  30  inches  Bar.,  is  therefore  only  rfr 
'  on  i!t|ual  bulk  of  water  at  the  uine  temjierature.     Ow  ing 

•  A  portion  of  nir  4vllvi-t«il  by  Mr.  WpIwIi,  in  .\apu»t.  iSpi,  al  U 
lion  or  iKooofnot,  in  one  of  llio  bnlloon  aiic<-nl*  uniliTlakcn  bj  bin 
Gnon  uiuIm  llii-  dir»c(tott  of  the  K*w  tlofimiitlci-  tf  tbi-  Unltuli 
GOiiUitird  sa'V'ii  per  uont.  of  oxyuco  hj  vi'lumo,  nkilc  oir  vol. 
~]irr»<*  »(  llwi  iaiu«  Cimp  n>nUin<3  io-t)i.     The  »ir  mns  fi.4l<vli>J 
6  oubic  iiirli««  ixi  eaimi-ily.  litU-J  »itU  ai-curtio  »lo|irork». 
■ird  jircviuuttj'  to  llic  ucenl.  and  were  UllrJ  villi  lli' 
^infC  the  *lotioo«kf.  whi<-)i  nrre  agaia  cl>N>rd  M  f- 
I.     In  the  l■^t^ll»!vp  si'rii^  of  rsperiit  ■• '-    ■■ 
li«ii#.  111.,  MvTi,,  .t^,-J.  air  wn*  rolWti^il  »i 

rbou  in  kI<u*  tn>»'f.  itrnn*n  out  lu  aa  open  i'ui>^.... .  — j  . 

,  149,    When  a  tpvctmoa  of  uf  «u  to  be  collMtcJ.  <»»  of  Um<«c  tul 
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tKnuxnas  or  aqitbous  vapovu  in  tiik  air. 


2D 


Koliiliility  of  oxv^cn  tlian  of  nitrogen,  rain  water   ami 
luiw  nlvrnri*  C'^iitniii   A   larger  proportioit  of  osygru  ihaa 

df,  Binouiiling  lo  ahotit  34  per  otmt.  of  the  air  disaolvod, 

i-oliinint  «f  tiilrogeii  to  one  volume  of  oxjgcu.    Tbia 

iCo  of  great  impurtuiioc  to  aquatic  aiiioi&ls,  aud  oite 

Id  oooitr  oaly  in  con!iC4)ueuce  of  ihe  air  l>ciiig  m  inKlia. 

tiin;  niul  not  a  (!lit*inical  compoutiil  of  ttic  two  gawn. 
ililitiiiit  to  oxy^vit  luid  iiitru^oii  tlie  atiiioi>pIierc  contains  a 
proportion  of  carbonic  ucitl,  a  variable  but  miniito  trace 
yaia,  tran*  of  nitric  acid,  and  of  some  comtioiiml  of  carlwu 
R>;;(}fi,  aiid  fmjueiitlv  in  towns  a  perceptible  amount  cither 
ortiu*  m-id  or  of  Mulpliuretted  liydrogcu.  Atjucou*  vu|Hiur 
Uv  also  present  at  all  times,  although  its  amount  ia  liable 
pitv  Jliicluatiuni. 

I  A)  llie  BiuoiinC  of  aqueous  raponr  at  any  sjtot  may  lie 
Dfxl  by  means  of  tho  hygrometer  (181},  or  it  may  be  detu"- 


by  a  dirwt 
Imt  in  the 
nuiDnnr. 
twhc,  a,  B|j. 
Docl  with 
itnne  moiirt,- 
Iti  ■uljihurie 
oouiiitImI 
votrl,  K,  af 
eajiaeity  ; 
it  be  CB- 
rtnitatning 
of  watrr. 
linfiiii; 
will) 
■flowod  to 
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\i,  /,  which  terminates  in  a  tube  bent  upwards  to 
(Ihotiotnuiocof  air  at  tlie  bottom  ;  aVnown  volume  of  air  it 
t  ulie  a,  whicli  reliiim  all  the  n)oi«tiirc.     Il' 
determined  before  eomnieiicing  the  expcri- 
|l  a  Kiroud  time  after  it  is  cotnplelctl,  the  increase  in  weight 
tbi!  amount  of  moisture  tu  the  bulk  of  air  operated 
tore  is  nscerlaiiird  by  means  of  tlie  ihrrinumetcr, 
ke  atniiiapberiu  pmsuro  ia  obtained  by  an  oliwrvatioa  of 
The  How  of  water  by  the  unpirator 
^    ihc  whole  cotme  of  tJic  i-xperimctil 
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)>y  making  tli«  ttilie  n-hicli  coiivfja  the  air  tiilBdcntlT  I 
K-aclt  iicnrly  to  the  bottom  uf  the  vessel,  as  slkowu  hy  the 
line  irhich  passes  down  fmin  the  ccutral  0|)eiiiitg  xt  tlio  b>p. 

(acfoA)  The  (innutitf  of  carbonic  aeii)  in  thcittriiitiylM;iIci 
in  the  couRfC  or  the  aamo  ex]X!ninait.     If  tlie  bii)ba  at  6 
vitli  a  strong  solution  of  caustic  potash  (sp,  gr.  i'3,;),  nod 
c,  with  fm^iueiitfl  of  fvved  pota^i,  the  gnia  in  weight  ex 
hy  the  tubes,  l>  awl  e,  will  tntlicate  the  {|iiaiitity  of  caHwa! 
which  has  been  ahitorhcd   in   the  operation :  the  bent  tu' 
filled  iritb  pumice-stone  moistened  vith  sulphuric  acid  ;  Jt| 
weighed,   hilt    i*  inerc-ly   interposed  as  a  measure  of    p: 
bctwceu   the  aa^iirator  E,  and  the  tube  e,  (o  prorcnt   ao; 
dttutul  trace  of  moisture  frura   passing   hiu:k«ards   into  e. 
bulln  seen  at  £  are  to  he  Riled  with 
the  cxtcut  sliown  in  the  ciilurge«l  drani 
251.     This   form  of  ajijULnLlu*  wua  oon 
Lichig.       It   ia   to   continual  rcquintioit 
l.i)>ornlory,  for  the   puquMe  of   abniirbinff! 
nhich  are  transmitted    through    it;    by 
it  a  little  on  one  side,  the  gas  is  iDado  to 
lip  successively  through  cnrh  of  the  tli 
bulbs,   l>i:i-<i(lc«    U-iiig   brought    thorough); 
contact  with  the  liqiiii)  in  the  narrow  |: 
tubing  which  connect  the  diflcrrnt  bulb* 
This  siinpti:  contrivance  has  added  greatly 
cision  in  cxperimenta  of  this  kind.* 
The  pro|X)rtiou  of  carbonic  acid  iu  the  atnios|iliere  tnr* 
3  to  6  parts  iu  10,000  of  air.     Saunure  found  that  «il 
limits  its  amount  ia  lessened  after   rain,  owing  to   the 
action  of  the  de)«ceu<Ung  shower,  which  carries  a  portion  of 
witli  it  to  the  earth.      It  increase!)  during  a  frost,  and  dint: 
when  a  tlinw  ncu  in.    During  the  night  it  increasus,  and  dj 
tgainall(;r<uinriHC.      It  i»  lenfi  in  aninnut  over  large  '' 
Lthon  over  large  tracts  of  land.      The  proportion  of  i-n 
'  lew*  liable  to  vary  OD  ele^aml  uiountains,  where  it  i* 
more  nbandant  than  in  the  ptaina.     It  is  also  more 

•  PcttcnliofiT  mtimiitei' the  ijDiuitily  orrarbonio  sri 
CivmT.ilumfofilic  airfi'r  tiialitilhsmi-timir^  ^mcTin!  ■ 
Tbc  liinc-mt<-r  uiteil  fi>r  lliu  p>  ' 
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ttot  dtnlnBU  tlmn  in  the  open  tx>uiitry.  la  Inhs* 
,  mill  ill  rooms  for  public  a&seiiiblicn,  the  proportion 
jtMDic  Bcii)  rnnf ,  howfvw,  gicntly  exceed  the  oormal  amount. 
rUc  qun  '  '  '  iniijiiia  auil  nitric  ockI  in  tlie  Btnios|iliere  U 
irially  •:  iLor  luiig-4:oiitinuc<)  and  heavy  rains.    Ocoa- 

iUj,  from  local  and  ftccUlental  circumatanoes,  olhcr  gnM»  and 
are  nhtj   met  with.     Tbe  air  of  toiros  cootaias  in  addi> 
in  ur^iiic  iii))itiritifi9i  id  xuitixriuiioii.     Dr.  Aogtiit  Sroilli 
lu  eatimate  thoir  amount  by  moasuriu;;  the  quantity 
dilnto   Holution  of  pcrmaiignnatc  of  potaxh  of  kitown 
Hi  wbtdi  a  ^iicii  bulk  of  air  nill  deprive  of  colour. — (Q.  J. 
Soe.,  xi.   317.)     Tlio   Bvemgc   coinponttion   of  the  atmo- 
\xt  tbo  climatR  of  Hiii^Iand   may,  lioweTer,   bo  stated  aa 
in  100  parts  by  Tolunic: — 

Aptrcf*  C«M/>an'^M  ^  lie  Al»t>*pi*ff. 

OXTRTO lO'fil 

Tdtngeoi       ......       7;'95 

f 'iirW'ii^  add 04 

Aitava'i*  Tapour 1'40 


Niinrauid 

AiaiBonia  ■ 

rnrl.urclted    hfdlWfCCB    . 

■■Itctl  hnlT^iimi  . 
{  ■  ^^  ,  .raiuaiiid 


tra«M 
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CUAPTER  lU. 

TATZB.       HYDHOQEX. 

5  I.  Watsr.     (UO  =  9) 

Voi.  aa  Vapovr,  % ;  8p.  Gr.  a$  Vapour  o'5i3,  at 
Liquid  rooo,  at  tee  0*94.* 

)i)  Ov  tliir  UHC4  of  wuter  it  ia   aliuo<!>t  iipodlcn  to  eolarigc^l 
nrt  universally  felt  and  appn-ci-ntttl.    In  each  of  ita  tbrcei 
cnoditians,  tlie  blessings  which  it  confer*  uiion  man  are 
Jilc     Ah   iep,  it  furniKbcv  in    norlhcni  lands  for  moiithtj 
r,  a  mlid  liriilge  of  eominun illation  between  distant  places  t] 
liquid  oondition,  it  is  absolutely  ncccasoiy  to  the  existen 
Je  and  nniinal   life ;  in  this  Ahitpe,  toii,  it  furnishes 
fttiuual  Miureeof  power  in  the  (low  of  streams  oud  rivers; 
oao  of  tho  moitt  ooiivenieut  channels  of  communication 
I  (lUcta  wi'loly  separat«d;  and  further,  it  ia  the  storehouse 

"  inpotrition  of   woIct'  iu  H,0    (Ociiti)  ; 

b  oUK  tbe  oombiuinf  roliuau  of  its  Tkponx 
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or  countless  nyrinds  of  crcattinw  fitted  for  me  «s  Tooi  i 
BtaU.-  of  i'fl|>uuf,  ax  a|)])lieil  in  tbo  stevn-vnipne,  it  Iim  fur 
power  wiiioli  baa  in  later  years  done  more  tlian  ttay  other 
^^iit  to  advance  cinliKiitioii,  to  ccom^mizc  time,  and  to 
the  Kicial  condition  of  man.     In  each  and  all  uf  tliese 
rigblly  conriderod,  we  miMt  pcrceit'C  the  entire  adai)tat>uuj 
woiid<!rful  coin)M>und  to  the  ends  which  it  was  desifjiicd] 
C'reutor  to  fulfil. 

Crlanciug  at  the  physical  condition  of  onr  jdauct.  we 
fail  to  he  impressed  with  tliu  important  cflcct«  produced 
movements  of  water  at  periods  anterior  to  tlie  eiiitcnce  of  I 
well  as  in  more  recent  times.     To  such  canses  miut  we 
ftmnation  of  seiiinicntary   rocks  and   their  anmogcucot 
ocssirc  strata  upon  the  surface  of  the  earth :  even  now,  > 
•howM  tluit  detiudation  is  proceeding  at  mmc  points,  clerst 
filling  up  of  hollows  ut  others;  whilst  the  accumulation 
niul  a  variety  of  other  extenaire  geologitml  cliariges  must 
to  tlio  same  c%'cr  actinp  iind  widely  operating  agency. 

It  may  further  l>e  ot)««rvcd  that  there  i»  no  form  of  | 
which  conlrihutCB  so  largely  as  water  to  the  Ixiauty  and 
the  globe  which  ne  iidiiibit.     In  it«  solid  xtate  wc  an-  famiiti 
it  in  the  form  of  blocks  of  ice,  of  sk-et  and  hail,  of  hoar  frost  I 
every  shrub  wid  blade  of  gra3«,  or  of  snow  protecting  thel 
phrnt,  B.*  with  a  fleecy  mantle,  from  the  piercing  frosts  of 
The  rare  but  splendid  spcctuclcs  of  mock  kuiih,  or  parlicUa, 
to  tlic  refntctirc   power  of  floating  spiculs  of  ice  upon 
rays.     In  its  liquid  condition,  a»  rain  or  dew,  it  bulhc*  til 
and  the  jiersunol  experience  of  all  nil!  testify  to  the  char 
the  waterfall,   the  rivulet,  the   Urcam,  or  the   hike   addt 
IjCfluty  of   the  landscape;  wbili^t    few  ran   lichold    unm 
unlxitnidrd  ex|)iinse  of  ocean  ;  nhieh  whether  moliotdc^ss,  or 
with  the  gently  undulating  tide,  or  wheu  lashed  into  fuomj 
ktomi  that   sweeps  urcr  its  surface,  toemn  to  remind  ms 
own  insigniBcouoe,  and  of  the  |)Ower  of  Him  who  alone  i 
or  quell  ita  roaring  waves.     In  vapour  bow  much  variety  ii 
to  the  liewhy  the  miotor  thcdond  ;  which  by  tlieir  ever-oll 
kluulowft  diversify,  at  every  niOTcinent,  the  lai>d>eui)e 
thoy  arc  flitting  ;  whilst  the  gorgeous  hues  of  tbo  olonds  ar 
^uu,  and  the  glowing  tint»  of  the  rninlww,  are  due ' 
>e  action  of  water  and  wnteiy  Tn[>onr  ujxm  ttic  toL 

frafurtiai. — At  the  urtlinanr  teni|'cratnre  of  the  BirJ 

whcu  ffie  from  admix  tiirc,i»  a  eir--   ~  tt- -t  --  - 

dmtitoU'  of  lu-U*  i>r  '■iiicll.      At  lu 


VAklOUS  STATES   or    WATER    IK   COUBIHiTION, 

'Mmmes  a  variety  of  crratftlUnc  forms  derived  from  die  rhom- 
(dicidrou  aiid  ttis-vidiHl  pri«in.  Water  evajioi-utcs  nt  all  tcmpern- 
irw,  and  under  the  oniiiiary  pressure  of  the  almwpberc  it  boils 
labout  213^.  Its  aiioinnlous  i-xiiniiKion  tty  heat  (137),  and  the 
Bportant  purposes  thereby  attuned  (14^),  as  vrcll  an  the  great 
Qatation  whicli  it  undergoes  on  frcvzing  (73),  have  been  already 
oiated  out.  Arago  and  Kreaiiel  have  shown,  that  iiut\vitb»tand- 
tg  the  gnulunl  dilatation  of  water  ut  temperatures  below  39'^, 
z  refractive  power  on  light  eontinues  to  increase  regularly,  a* 
hongfa  it  contracted.  It*  density  at  60^  i»  taken  as  rooo,  and  it 
xaa  the  standard  iritb  which,  in  this  country,  the  siwctfie  gravities 
fall  solids  and  liquids  are  compared.  A  cubic  inch  of  water  at 
o'  F.  weighs  in  air  iSi'-tH^  grain*. 

To  the  diemist  water  is  invaluable  u»  a  solvent.  It  is  the 
erfiKtion  of  n  ncncnd  xuliiitnncc ;  aud  it  enters  into  cumhination 
toit  exteiiaircly  both  with  acids  and  with  ha«es,  KiLpcn^mce  has 
httvn  that  when  an  acid  has  once  been  allowed  to  combine  with 
nter,  the  entire  ^jiaration  of  the  water  from  the  acid  is  seldom 
ncticablc,  ntiless  some  powerful  base  be  presGiitcd  to  the  acid ;  in 
db  a  case  the  base  displaces  the  water,  and  its  eipulaion  by  bent 
thro  easily  effected.  Suppose,  for  cxamjilo,  that  sulphuric  acid 
a  beoi  freely  diluted  with  water;  u|)oii  the  application  of  heat 
Ac  water  at  first  passes  off  readily,  leaving  the  less  volatile  acid 
hekitiid.  By  degret^f,  however,  it  becomes  necessary  to  iDcrriue 
Ab  temperature  in  order  to  ciipcl  the  water,  and  at  last  the  acid 
ktgins  to  evaporate  aI»o,  and  dually  no  further  separation  can  be 
fbetpd,  becauw  when  the  temperature  rises  to  about  ^40*  F.  both 
nter  and  acid  distil  over  together.  It  is  found  on  analysing  the  acid 
*lieii  it  has  reached  this  point,  that  the  liquid  contains  one  etiuivit- 
btof  acid  and  one  of  water  (HO,  SO,).  But  if  to  this  eonccu- 
tated  acid  an  equivalent  of  potash,  or  one  of  oxide  of  lead,  he  added, 
tbe  water  ts  easily  vxpcllcil,  and  an  vc[uivalent  of  nnliydrous  suU 
ikite  of  potash  (KO,  SO^  or  of  sulphate  of  lead  (PhO,  SO^), 
i*  obtained.  Water  which,  as  in  the  forej^oing  intituncc,  supplies 
tKeplaccof  a  base  in  combination  with  acids,  ia  called  bcutic  water. 
In  a  similar  manner  water  combines  with  the  powerful  bases, 
nrh  as  potakh  or  soda,  and  iheu  cannot  be  expelled  from  them 
■mil  some  acid  lias  been  added.  Potash  iu  the  form  iu  which  it 
■  obtained  by  evai)orating  down  its  aqueous  nubitiou  and  beating 
l&e  residue  to  dull  redness,  consists  of  one  equivalent  of  tbe 
ilbh  and  one  of  water  (KO,  HO),  and  this  equivuleut  of  water 
nknot  i)e  exiiellod  except  by  tbe  addition  of  an  acid,  ±uch  aa  snl- 
jkmr.  acid ;  then  by  the  application  of  heat,  anhydrous  sulphate 
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talcnUi 


of  potMli  is  obtaiDul.    Id  this  cow  llie  water  in  oomtnnatkin ' 
the  banc  iierforms  the  ))art  of  an  acid. 

The  compounds  of  water  are  frpijocntly  termed  Ayrfm 
Wben  a  Iwdy  i»  de»cri!)ed  as  being  entirely  free  from  water  in  i 
bination,  it  is  commonly  saitl  to  be  aiAydroun. 

Many  »»lt«  in  crystallixiug  unite  with  a  definite  quantitj  ofi 
watiT,  wbicb  is  essential  to  the  form  of  thv  salt,  but  wbicb  may,! 
by  the  application  of  a  ^ntle  heat,  be  expelled  witbout  altering] 
tite  chemical  properties  of  tbc  xaline  boilr.  Iti  this  cum  tliel 
water  i«  xpokc-n  of  nn  v;uter  of  cryntalli^ation.  Many  salts  paitj 
with  such  water  by  mere  exposure  to  air.  Carbonate  of  soda,  (ot\ 
example,  crumble*  down  or  t-fflorescfB  to  a  while  jiowder ;  and 
«UBC  thing  occurs  in  the  case  of  sulphate  of  soda.*  Thv  form  of  1 
salt  depcudit  upon  the  quantity  of  thin  water  of  cryHtflllizattoa. 
instance,  borax  is  always  found  to  crystallize  with  lo  oquiva 
of  water  (NaO,  2  BO^  ■!■  10  Aq),  in  oblique  rectangular  priKiiu,  if 
the  solution  of  the  salt  be  not  sufficiently  concentrated  to  begin 
crystallize  till  tbc  lemperiiturc  falls  to  i^^  F. ;  but  from  a  mon| 
concentrated  solution  boi'ax  is  deposited  in  regular  octobcdi-a  will 
only  5  cqui^-alcnts  of  water.  So,  again,  the  sulphate  of  soda  1 
talltses,  under  ordinary  circumstances,  in  oblique  four>sided  pris 
with  10  cquiv&lcuts  of  water  (NaO,  SO,  +  10  Aq),  but  if  a  solutionj 
saturatt^d  at  91^,  be  very  slowly  raised  to  213*^,  tlie  sulphate 
soda  is  deposited  in  rhombic  octolicdra  which  contain  do  water. 

(293)   Variuuv  kimin  uf  Natural  Ifalers. — Owing  to  ita 
sivc  solvent  powers,  water  ia  never  met  with  naturally  in  a 
of  purity,     ftttht  wairr,  colUxted  after  a  long  continuance  of 
weather,  ajiproacbes  nearest  to  it,  but  even  tbat  always  cont 
almuKpheric  air,  and  the  gaxea  fluniing  in  the  air,  to  the  extent) 
about  2j  cubic  inches  of  sir  in  100  of  water.f 

Spriu}/  ff'alfT,  although  it  may  be  perfectly  trail tipareut,  alwa} 
contains  more  or  less  of  saline  matter  dissolved  in  it ;  the  nat 
of  thc'jtc  «iltK  will  of  counM!  vary  with   the  character  of  the 
tlirough  which  the  water  percolates.     The  niot't  uniial  saline 
purities  arc  carbonate  of  lime,  common  salt,  sulphate  of  lime,  sai 
sulphate  and  carltoiiate  of  magueua.     The  waters  of  the  Xew 
Sandstone   arc  impregnated  to  a  greater  or  less  extent  with  sol^ 
pbate  of  lime.     Mont  spring  waters  are  charged  with  a  Dota 


*  Other  salt*,  ou  tli«  oontrarjr,  ahaorb  mutiituTv  from  tht^  almMphi-ie.  1 
becoDMi  damp  or  #Teti  Ui|ti<>ty  iu  tliu  waU-riti>  abBorbwl  1  thejars  lavu  hsmI 
JeiifueKt.    Carbouato  of  potash  and  ublorido  of  oidoitun  cSn  insiAaoea  < 
thi>  kind. 

t  Tbe  quaatity  of  air  which  is  coDta'taod  in  spriag  or  oihrr  water  can  I 


m 


nr;iiiiTiox  or  air  trqv  mlvtiok  ts  water. 


is 


I  o(  carlwnic  ocm],  which  ilissolTes  a  cotiftidcrnblc  ntnouiit 
Mc  of  liinc :  tliu  calctuvout  spriBga  in  the  cli&lk  dtstricU 
I  LoBikm  euutain  iVom  i8  to  20  grains  of  chalk  per  gBllon, 
\  gndtu  a(  which  bcoonu!  wporatcd  by  cipOBure  of  Uio  «  uter 

nfii  in  tlir  roUowiiiK  mnnDer.     A  globakr  flwk,  «,  fig.  a^i. 
cDnUininfi   14  _ 

.  •m-b  M   u  I^>o-  >S>- 

{lln«  ilentitT 
flllea  irilb 
•  W*xamin«d, 
bjr  a  nil. 
(icniLrkiiuo  IdIk'. 
'(if  barotBpur 
I  which  ia  blown 

I  l>i>in«upir>nl)i 
I  in  IroQlb,  Milt 

Ue     WIkW      IB     k 

It*    fie- 

till-  gu 

■JwImI     iar.    d. 
ncpuidnj    ftin- 

nl    in    a   tuuil 
I  Usl.  Tbo  bull.. 
U-i'ti  oTiiKit  half 
iter,  ia 
ilaalt  kr 
I  Milw.wbicb 
at  boib 
m.  A  ftnall 
Fnck  ■•  i>  afrn  Mf.'tt  matte  ufte  of  to  rampKW  lli«  mlotn- 
lil  to  cat  (HT  nmiRimiiciition  Mwcim  tbo  Bask  and  Iho  liulb,  i-. 
1  *  if  uow  cindr  t.1  brtil  brisklv  for  tfa  miiiut**  or  a  qnnrlor  of  an 
il'    '        '    •  «pi.-)lcd  from  the  tnbo.  tbo  tnoutli  of  which  in  kept 
'  ihe  meTruTT.     Wlien.  alVr  a  few  laiauloa,  continncd 
I  -latM't  fron  tbe  iub«.  the  jar,  ■/,  in  filled  iriUi  mcnnirj 
li'Trr  tlip  rnd  of  the  Ions  tuV.     TliC  rice  id  n)movi>il,  and  h««t 
ithfltwL,  tlic  vatcr*p««dily  bvKins  togiveoffKa*;  and  the  igoan- 
I  till  lb?  wBiiT  boiU.    The  ^bulliliou  miul  be  conlinued  irtcadilf 

',  the  uiwralion  trnninntint  bj  a  few  minuliv'  britV  btnling, 

*Tf  tub*  "ill  be  fillwl  «ith  Rte«m,  and  all  ili*!  air  will  bo 

ju.    Udo  i>bieot  of  Ihc  fflob*,  r,  is  to  prrvpnt  the  vater 

into  th«  Iar.  i:  n  lilUe  alMia  ilwaya  comiuniM  io  lb* 

nrf,  lm(  lliia  ia  b  matter  of  amall  coMeonetice,    ^Vben  tho 

If  gw  b  allowed  to  cool,  nnJ  in  Irauaferred  to  ■ 

try,  where  iU  Wk  ean  be  measured. 

'inK  <^<^  that  <rhii4i  bni  been  reoeally 

'ircp  aamplM  of  wnl^r  Iwity  diftill«d  in 

I  I'j  I'Air.-niuont :   loocab.  in.  of  tW  fir*I  *pt<a- 

"fnir;  in  Ihe  aamv  bulk  of  the  i^conJ  it^,  and 

'1.  ui.  of  airweroprvnent :  the  otyKcnnnil  nitntcen 

•i  exnetlj  in  the  iiroportMD  ^  1  tacatun  of  oxygea  to 
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to  the  fttR)oa|))i(?re,  nn  tliat  a  running  strenm  will  seldom  contain 
morcttinii  12  or  14  grains  of  chalk  per  gallon  iu  solution.  Water* 
which  have  5ltereil  through  u  bed  of  chalk  al^o  often  contain  car- 
boiiatc  of  soda  in  considerable  quautity,  as  is  the  case  with  thft. 
deep-wcll  wiitpn*  of  Loiidun. 

Mineral  IVaUrg  are  waters  impregnated  with  a  large  pro 
of  any  otic  of  tlio  abovc-nnraed  salts,  or  with  some  vubiiitance 
eo  commonly  met  with ;  such  waters  are  usually  reputed  to  ponCH 
some  medicinal  quality,  varying  with  the  nature  of  the  twit  in 
solution.  Many  of  these  springs  arc  of  n  temperature  considerably 
higher  than  that  of  the  surface  of  the  earth  where  they  make  their 
appearauee.  At  Carlithad  and  Ats-1a-Cbapc11e  this  temperatore 
rarics  from  160"  to  190*.  Such  hot  springii  either  occur  in  the 
ricinity  of  volcanoes,  and  then  gtmenilly  abound  iu  carbonic  acidj 
aud  common  salt,  and  other  salts  of  soda :  or  they  spring  from  great 
depths  in  the  rocks  of  the  earliest  geological  periods,  and  con. 
tain  chlorides  of  ealcinm  and  magnesium,  and  almost  always  tracts 
of  9ul[i!uirctted  hydrogen.   (Berjiclius,) 

Many  mineral  waters  contain  oxide  of  iron,  which  imparw  to 
them  an  inky  ttwlc ;  they  arc  then  frequently  termed  chali/beaie 
waters;  some  of  the  Cheltenham  springs  are  of  this  kind.  la 
other  iuKtimeex  carbonic  acid  is  very  abundant,  giving  the  brisk 
effenettent  character  noticed  in  Seltzer  water.  Less  frequently,  u 
iu  the  Harrogate  water,  sulphuretted  hydrogen  is  the  predominating 
ingredient,  giving  the  nauneouN  Uiste  and  Muell  to  such  sulphureous 
watent.  In  other  instances  the  springs  arc  mci'ely  naliue,  and 
contain  purgative  salts,  like  the  springs  at  Kpom,  which  aliound 
in  sulphate  of  magnesia,  and  at  Cheltenham,  where  common  salt 
and  sulphate  of  so<la  are  the  prrJotuinant  eonitituenta.  Many  of 
tkcte  Kolinc  springs  also  contain  small  quantities  of  iodine  Mid 
bromine,  whicli  add  grintly  to  their  therapeutic  activity. 

River  Watrr  is  leas  fitted  for  drinking  than  ordinary  spring 
water,  although  it  oflcn  contains  a  smaller  amount  of  salts ;  for 
it  usually  holds  in  solution  a  much  larger  proportion  of  organic 
matter  of  vegetable  origin,  derived  from  the  c\tonsi>'e  surface  of 
country  which  has  liecn  drained  hy  the  ntreain.  If  the  sewerage 
of  large  towns  »itualc<l  on  the  banks  be  allowed  to  pass  into  the 
stream,  it  is  of  course  still  le^  fit  for  donuKtic  nxe.  Kiinniitg 
water  in,  however,  endowed  with  a  self- purify ijig  power  of  the 
highest  importance  ;  the  continual  e\pu!<urc  of  frcjth  surfaces  to  the 
action  of  the  ntmosphcrc  promotes  the  oxidation  of  the  organic 
matter,  and  if  the  ntrcam  be  unpolluted  by  the  influx  of  the 
scncragc  of  a  large  town,  thifi  process  i$  generally  fully  adequate 
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'C  it  in  a  vbolcsumc  state.  Rhcr  iratcr  almost  aIwajts 
nqaires  &ltratiou  tliniu};li  sand  before  it  in  fit  for  tlomcntii:  use ;  and 
if  water-works  designed  to  aup)}!}*  such  water  be  properly  constructed, 
potisiou  is  made  for  tliis  fillratioii.  Suspended  matters,  such  as 
veeds,  G»h-spa<rD,  leaves,  and  fiticl^-divided  silt  or  mud,  arc  thus 
removed ;  hut  vegetable  colouriu};  matter  in  solution,  salts,and  other 
indies,  when  once  they  arc  dissolved,  cauuot  be  arrested  by  the  filter. 

The  magnetic  oxide  of  iron,  however,  appears  to  exert  s 
lar  influeocc  iu  proraotiug  the  oxidation  of  organic  mutter 
itaiued  in  water  wliich  is  allowed  to  peixHjlate  tbrough  it,  and 
it  appears  to  be  probatJc  that  this  action,  to  which  Mr.  Speuccr 
hat  parliculnrly  called  attention,  may  furnish  a  valuable  auxiliary 
to  the  tuetbods  of  filtratiou  at  present  in  use.  Filtration  through 
bed*  of  iron  tamings  hait  likewise  been  priielisctl  iu  some  cases 
«ith  advantages  of  a  similar  description,  but  the  oxygen  i»  in  this 
OK  iu  great  mcusiiru  absorbed  from  the  water  by  the  iron. 

Tlie  presence  of  or^nic  matter  in  water  is  easily  ascertained 
bj  the  reducing  influence  which  it  exerts  uijon  chloride  of  silver 
vr  of  gold,  or  upon  permanganate  of  potash,  when  boiled  with 
timn.  The  chloride  of  stiver  becomes  purpIiMli ;  and  chloride  of 
fo\d  imparts  a  brown  tint  to  the  water  under  such  circumstances, 
oirin£  to  the  precipitation  of  metallic  gold.  A  verj'  dilute  solution 
«(  permaoganatc  of  jKilash  {666)  is  rendered  colourless,  whilst  a 
bowD  precipitate  of  hydratcd  peroxide  of  manganese  is  formed. 

Water  i.t  faniiltarl}'  npokeu  of  an  hard  or  soft,  according  to  its 
tctioa  on  soap.  Those  waters  which  contain  compounds  of  lime  or 
■Mgania  occavion  a  rirtUinij  of  tlio  soap,  as  these  earths  produce 
»itfc  the  &tty^  acid  contained  in  the  soap  a  substance  not  soluble  in 
»Bler  (i  142].  Soft  waters  do  nut  '.-ontain  these  earths,  and  dissolvo 
the  soap  without  difficulty.  Many  banl  waters  become  softer  by 
boi&ng ;  in  sucb  cases  the  carlxtnie  ncid  is  expelled,  and  the  car- 
tkoate  aud  part  of  the  sidphateof  lime  which  were  held  in  solution 
R  deposited,  and  catuc  a  fur  or  incrustatiou  ujioii  the  inside  of 
tk  boiler  (541). 

Sta  tftUtr  is  largely  imprcguatcd  with  common  salt,  and  with 
dilbride  of  magnesium,  to  which  it  owr>  itx  lutline  bitter  taste.  It 
might  be  supposed  that  the  quantity  of  salts  which  it  contains  is 
centinuall;  on  the  increase,  as  the  sua  is  the  receptacle  for  all  the 
Siad  cxintents  of  the  rirer  water  which  is  discharged  into  the 
oeeaa,  since  pure  water  alone  e^^poratev  from  its  surface ;  but  here 
idn  there  ia  a  return  to  the  surface  of  the  soil  provided  for  in  the 
marine  plants,  the  (i*h,  and  their  representative  guano,  which  are 
pa|«tua]lj'  i>eiug  raised  from  its  dcjiths  by  the  force  of  »lOTms,  bj 
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prc^ator^  birds,  «nd  hj  the  iuduatiy  of  man.  Tiic  specific  ^v 
of  iw>u  water  IB  subject  to  trifling  variation*,  according  to  tbe 
of  ihc  globe  from  Yfliich  it  is  taken.  The  waters  of  the  Baltic 
of  the  iHnck  Sea  tax  less  salt  thau  the  avorage,  while  those  of  tJit 
Medit«rranean  nre  more  «o.  The  waters  of  the  Mcditerrsneau  i* 
thv  Levant  are  more  salt  than  those  of  the  winic  sea  near  tbt 
Straits  of  (jibraltiit.  The  mean  dpecitic  gravity  of  sea  water  i* 
l'0S7,  and  the  quantity  of  salts  ranges  from  3*5  to  4  per  eeot. 
According  to  Sdiweilxer  {Phi/.  Mag.,  1839,  vol.  xv.  p.  58),  tie 
water  of  the  Britisli  (.'hanucl  is  composed  as  foUont : — that  of  tlw 
Mediterranean,  analysed  by  Uaiglio  (.^km.  de  Vhimie,  III.  xini 
104)  will  be  seen  to  agree  very  cloeelv  with  it  in  oompowition : — 


Briii-b  Chuiuc]. 

Water     .... 

qli-VTWi* 

9^3-3.^^ 

Cbloridcof  ■oditim  . 

3S05948 

19414 

Cliloriclr  of  pulauttiiB 

xm^»      ... 

0-505         J 

Chloridi.-  of  iiiHKut'iiium  . 

3"J        J 

Bromidt^  of  magiiMium  . 

Sutpbsle  of  niAf-ncisia 

3'477       ■ 

Bulphaleof  lime     . 
Carboaato  of  lime  . 

'■357       ^ 

00,1,10 1 

0114          1 

Iodine    .... 

Irnoei 

J 

Ammonia 

traces 

1 

Oxide  of  iron . 

0003         1 

1000-00000 

lOOO'OOO            ' 

Specific  gravity 

.      ioi;-4  at  60°  F. 

lOj^-Sat  70T. 

Minute  (jTiantitien  of  iron  have  been  found  in  the  waters  of  tha 
occnu,  but  nitric  and  phosphoric  acids  have  as  yet  eluded  the  moM 
careful  observHliou. 

For  chemical  purposes  water  is  always  purified  by  distillatioi^ 
which  may  be  cffuctotl  on  a  smnll  scale  in  glass  rctoris,  but  it  n 
generally  carried  on  ia  a  copper  still  provided  with  a  pewter  or 
copper  worm.  Iron  pipes  may  alto  l>e  safely  used  for  the  purpoM 
of  condensation;  but  lead  must  be  avoided.  The  still  should  not 
bo  employed  for  any  other  purpose.  The  addition  of  lime  to  tfai 
water  before  submitting  it  to  distillation  it  uitcful,  as  it  retoiiu  ihs 
excess  of  carbonic  acid,  oud  also  traces  of  hydrochloric  acid,  which 
if  chloride  of  magnesium  be  pre^nt  arc  apt  to  come  over,  owing  to 
the  decomposition  of  this  salt :  the  first  portionn  of  water  should  ba 
rejected,  because  they  usually  contain  traces  of  ammonia;  when  «  fc» 
dropH  of  di-ttilled  water  are  evaporated  upon  a  slip  of  glasa,  no  atain 
or  mark  should  be  left,  otherwise  some  saline  impurity  is  present. 

'Water  was  long  supposed  to  be  an  elementary  aubstaace. 
This,  however,  is  not  the  com:  :  it  is  a  componnd  of  oxygen  witk 
hydrogen,  in  the  proportion  of  1  equivalent  of  each ;  ila  synibcJ  i« 
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tkrefore  no,  and  its  combining  number  9.  AVhen  conrerted  into 
iapour,9graiii«uf«teiiinoocupvtiric<;tlici)u]k  of  8grains(or  1  e<jui- 
nimt\  uf  oxygen  at  the  flame  tcmiwraturc;  tlic  combining  rotamc  of 
aqnooiu  Tapoiir  is  Uicrcfurc  =:  2  it  llic  ronibiiiing  volume  of  oxygen 
iv  taken  Be  l.     Its  composition  is  Bbown  in  the  following  tabic: — 


» 


ajirogm 


H    :=    I   or  irii 

0    =:    8        mstf 


irii 
SS-88 


a  or  10 
I        o-r. 


=    00691 
=    0-5538 


HO  = 


10000      1 0000 


I'o    =    e'6iao 


$    II.    HVPHOOBN.        {H   =    I.) 

Sp,    Or.,  0*0691 ;   Comb.  Vol.,   2. 

(193)  Preparaiion. — Tbc  composition  of  water  may  be  deter- 
ained  both  by  aiiHlrxiH  or  Kqiaraf  ton  of  its  conatitucnt*,  and  liy 
•yothesis  at  cbcir  reunion  after  Guch  (reparation. 

1.^ — An  elegant  mod«  oT showing  the  coropOHition  of  water  analy< 
&dly  is  afforded  by  the  voltaic  battery.  A  glaw  vessel,  fig.  253, 
ttataining  two  platinum  pliitt-n,  «  awl  A,  is  fiilptl  with  water,  sligbt'y 
idiiutated  with  sulphuric  acid  to  improve  its  conducting  [lower,  and 
B  arranged  *o  as  to  tniui<mit  the  current  of  a  hattory  consisting  of 
tiree  or  fonr  pairs  of  Grove's  cells  {133).  Immediatety  that  the 
In  platinum  plnte«  are  connected  with  tlic 
»trcs  of  the  battery,  gas  rises  firom  each ; 
uid  if  two  similar  jars  be  fiik'<l  with  water 
■kI  inverted  one  over  each  plate,  the 
nilnmc  of  the  gas  which  rises  from  tlie 
piatinude,  or  nc^tive  plate,  b,  will  lie  found 
to  be  exactly  double  of  that  which  rise^ 
fnus  the  xincode,  or  positive  ptat«,  a :  the 
^  in  o  will  show  itself  to  be  oxygen  by 
ffLlcidling  a  glowing  match,  whilitt  tliat  iu  n 
oiuiguii'lkes  flame,  but  takes  fire  itself  when 
a  light  approaches  it.  To  the  latter  gaa  the 
Baui;  of  hgdroffen  (from  uSmp,  water,  ytwaia, 
la  generate)  bos  been  given.  Oxygen  and 
hydrogen  are  the  sjle  oonstituentd  of  water,  and  by  their  union  in 
lie  proportion  of  two  mcasurcA  of  hydrogen  to  one  measure  of 
uygcn  this  liquid  is  reproduced. 

l.^The  iHTCSLncc  of  hydrogen  and  oxygen  in  water  may  be 
du>«n  iu  other  wiy*,  and  hydrui^en  may  be  obtained  from  it  by 
dMmticBl  meana.     If  a  piece  of  sodium  of  the  sise  of  a  pea  be 


NTajipcd  up  in  blotting  p>pcr,  and  be  rapidly  introduced  beneath 
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tliff  month  of  a  strong  vide  tube,  lo  or  12  iiioliM  Ion 
vith  wKtcr  null  iuvrrtcti  in  the  pneumatic  trough,  buliblea 
will  he  quickly  diMngagcd,  and  will  collect  in  the  u|i(icr 
the  tuhe.  On  inverting  the  tuiw  and  aiiplyiiig  n  light, 
will  take  liro  and  bum  with  flame ;  the  litiuid  iu  tbi;  tuhc 
found  U>  bo  alkaline,  and  will  change  the  yellow  colour 
moric  to  brown :  soda  having  been  formed  by  the  com 
of  the  Hodinm  with  oxygen  dcrircd  from  tJic  water. 

3. — Hydrogen  may  be  also  obtained  by  the  ai^tion  0 
upon  iron  at  a  high  tempemtuTC.    In  order  to  effect  this,  lot 
of  iron  piping,  shown  at  a  a,  fig.  254,  be  filled  with  iron  t 
and  hcnted  to  reduce  iu  a  portable  furnace,  u  ;  and  let  a 
steam  be  driven  through  the  tube  from  a  Btnall  Iwilcr,  c, 
to  one  extremity  of  the  pipe ;  the  aqueou«  vapour  iu  its 
will  he  decomposed,  the  oxygen  will  enter  into  combinat 
the  heatird  iron,  whiUt   the   liberated  hydrogen  will  jian 
may  be  collected  over  water  iu  a  jar,  n,  placed  over  the  1 
a   bcut  tube  attached  to   the  other  extremity  of  the  in 


4. — It  DiayalM)  be  ohtained  by  licalii 
pota«h,  the  mrtal  combining  wiih  the  ntr^- 
hydrogxin  is  blieratwl,  the  o»i«le  or  tine  r 
Mdvcd  by  the  alkaline  liquid  :  but  thi«  ai>-: 
litom  il«  iheorvticnl  hc«Hv--  T-'itcrthan  ir 

jj.— Hot  the  in<Mt  i-i '  ■  way  of  i 

the  anion   of  diluteil   »iii|iJiiitic  ar- ' 
molted  in  an  iron  lo-'i,-  --..i  1^  nr.^i 
iutu  a  |i*il  of  eold  1' 
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dnced  into  grains  or  flakes :  about  half  an  ounce  of  tlie  granulated 
nac  bt  tatroducul  into  a  retort,  nnil  a  dtlutvi)  acid,  pre^iared  by 
Btdng  an  ounco  of  oil  of  vitriol  cautiously  with  6  ounces  of  cold 
titer,  stirring  all  tliv  vrliitr,  i*  poured  upon  llic  sine.  IlydrogeD 
p*  is  MXMi  evolved  in  great  abundance  :  (be  first  portions  of  gas 
which  arc  contaminated  with  the  nJr  euntained  in  the  retort,  niuit 
It  allowed  to  escape ;  aftcrnardii  the  gan  may  be  collectei]  in  the 
lEfoal  way.  In  tliis  pTocc»«  the  dnc  may  be  rcgurded  ns  taking 
ajfcii  from  the  water,  and  forming  oxide  of  zinc,  which,  though 
bwlublc  in  water,  is  immi-diutclr  dissolved  by  the  stilphuric  add, 
vitb  which  it  forms  a  tali  called  ^ulpliate  of  zinc,  while  tlie  hydro- 
pn  passes  off  in  tlic  gaseous  form.  The  chauge  may  be  illus- 
Inted  by  tlie  following  diagram: — 

DecompotUion  of  IVattr  by  Zinc  and  StttphHric  Add. 

cq.  offisi  eq.  Hydrogen  (H) liberated. 

(HO}t8  =  i  eq.  Oxygen  (0},_^  j  i  eq.  sulphate 

=  1  cq.  Zinc  (Za) ^ -^^^So'j'of  oxideofaiuc 

=  1  eq.  Sulphuric  acid  (SOj) -^"""''''^  i(ZuO,  SGJ. 

Or  in  *ymboN;   Zn  +  UO.  SO,  give  H+ZnO,  SOj. 

In  otuice  of  zinc  is  sufficient  to  liberate  from  water  about  i|  gal- 
Ieos  of  the  gis.  Scraps  of  iron  may  be  substituted  for  icinc ;  hut 
B  ttiis  case  the  gas  ia  less  pure :  it  lias  a  diKiigret-alile  otluur,  due 
It  die  prcscoct  of  a  peculiar  compouai]  of  hydrogen  and  carbon,  but 
Ihii  may  be  removed  by  allowing  the  gas  to  stream  through  a  tube 
Med  "ilh  fragments  of  wood  chnreoul  (Stcnhousc).  The  gas  fur- 
aislied  by  the  action  of  diluted  aulphuric  .icld  on  xi»c  also  pos- 
«ws  a  peculiar  odour,  and  is  frequently  contaminated  with  small 
quantities  of  i-om{Hiuo<U  of  hydrogen  with  sulphur,  ancnic,  and 
orluB.  It  may  be  freed  from  these  impurities  by  causing  it  to 
pus  fintt  through  a  strong  soltition  of  iwtanlj,  and  then  through  a 
iDlutioa  of  corrosive  sublimate,  or  of  nitrate  of  silver. 

Prxtprtiifa. — Hydrogen  is  an  elementary  substance,  which  was 
diKOTcred  by  Cavcitdish  in  1766.  When  obtained  with  the  pre« 
cutionB  just  mcutioiu-xl,  it  is  a  colourless,  transparent,  tasteless, 
•nd  inodorous  gas.  Its  refractive  power  upon  light  is  higher  ihau 
(bat  uf  any  other  giw,  being  more  than  six  times  as  great  as  that 
of  atmospheric  air  at  the  same  temperature,  when  the  hyilrogen  ia 
niMDprtaaed  till  its  weight  is  the  Name  as  that  of  an  equal  bulk  of  air. 
It  baa  never  been  liquefied,  and  is  even  less  Noliihle  in  water  than 
:,  I  CO  cubic  inches  of  water,  according  to  Bunscn,  dissolriog 
■-  .  Ac  inches  of  hydrogen  at  all  temxicnitures  bctntxu  32*^  sad. 
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the  mouth  of  a  strong  wide  tube,  lo  or  12  inchM  lonjt.  Hi 
with  water  ami  inverted  in  the  imminiatic  trough,  ljubhh«  of 
will  he  (|utcklir  diwogHgcd,  and  will  collect  in  the  u|iin.t  par 
the  tuhe.  On  inverting  the  tul>c  and  niiplying  a  light,  tli« 
will  take  fire  and  bum  with  Ranie ;  the  liquid  in  the  tuhe  will 
found  to  \)c  alkaline,  and  wit)  chaiigc  the  j^cUoir  colour  uf  I 
mcrie  to  hrowQ :  soda  baring  been  formed  by  the  cotnli^ 
of  the  sodium  with  oxygen  dcrivc<l  from  the  water. 

3. — II}'drogen  lunj  he  also  obtained  by  the  action  of 
upon  inn)  at  u  high  tcmpernturc.  In  order  to  effect  thin,  let  1 
of  iron  piping,  shown  at  .i  a,  fig.  254,  be  tilled  with  iron  tnnifi 
and  heal»l  to  rednens  in  a  portable  furnace,  b  ;  and  let  a  cuntil 
Mtcam  be  driven  thtaugh  the  tube  from  a  amall  boiler,  c,  ftUad 
to  one  extremity  of  the  pipe  ;  the  aqueous  vapour  in  iti  \»M 
will  be  decomposed,  the  oxygen  will  enter  into  combiuslion  1 
the  heated  iron,  whiUt  the  liberated  hydrogen  will  (lass  uo, , 
may  be  ooliected  over  water  in  a  jar,  i>,  placed  over  the  monti 
a  bent  tube  attached  to  the  other  cxtremitj-  of  the  iron  fi 

Fio.  J5|. 


rof  I 
ab^ 

ofl 

:etft|l 


4. — It  may  also  be  obtained  by  beating 
potash,  the  metal  cnmbining  with  the  oxygrn 
hydrogen  i*  litxTatt-d,  the  oxide  of  zinc  a~ 
Milvcd  by  the  alkaline  liquid  ;  but  thin  mctlii.'' 
from  itM  thei>n'tical  heariiigs  rather  than  frr> 

5. — Bnt  tlie  mo«t  eonvenit-nt  way  of  pi 
tho  A?lion  of  diluted  Bul|ihnric  aeid  on  . 
melted  in  nil  inm  Indie,  am)  iciurrd  frn-t  ■ 
tuto  B  puil  nf  cold  wnter,  by  which  nu 


id 


t  eq.  »ulpli*te 
oroudcofnuc 
(ZuO.  SU^. 
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bti!     .  Ijkea:  about  Lnir  nn  oiincc  of  the  Rnnulntodi 

^Bi  <  a  mtort,  and  a  diltiti:il  acid,  [trvparvil  lij-' 

m  mu  ounce  of  oil  of  vitriol  rautionBly  with  6  oqdccs  of  colli 
t   '         l;  aJ]  till*  irliile,  U  iioiiml  upon  Uie  nine.      Hydrogea.: 
I  .  olrcd  in  grcitt  a)iiuiilimix' :  tlii;  first  portions  of  gai  * 

jut:  oonbiminntcd  tritli  the  air  oontnitied  in  tti«  retort,  mu«t 
■wed  to  e»c>])«  ;  Bncriranls  the  gns  may  be  collected  in  the 
nray.  Tu  tliii  lu-divjoi  the  tine  amy  be  regarded  as  taking 
b  from  the  water,  otid  formiug  oxide  of  zinc,  wbich,  though 
bId  in  watiT,  is  imm«li«ivly  diMoIred  by  the  sulphuric  acid, 
Hiicb  it  rorma  a  salt  called  Hul[ibatc  of  unc,  while  the  hydro- 
Lers  off  in  the  gaot-ous  form.  The  cha»|{e  itmy  be  tl1uH> 
Ibjr  the  Iblhiiiing  diagram: —  i 

Izttromporithit  of  H'ater  btf  Zinc  and  Sulphuric  Acid.  I 

LiiiiiM-|  ■  UVtitarniuAWm,  \ 

fnj-  of(i  =  t  eq.  Kydrogeu  (H) liberated, 

fr  (I10)[s  =  i  «i.  Oxygiai  (O). 

n  I  ct).  Ziuv  (Kii)- 

fesi  eq.  Sulphuric  nod  (SO,)- 

I  Or  jji  eymbgU ;  Zu  +  HO,  SO,  gitc  H  +Z11O,  SO,. 

per  of  »nc  ia  ttiflicicnt  to  liherate  froai  water  alwut  2\  gal- 
B  tbc  inui.  Scrajn  of  iron  may  bo  substituted  for  sine ;  but 
L  OMT  the  ga*  i»  1i^h-s  \wn:;  it  has  a  diitagrecftblo  odour,  due 

I  pn»cncc  of  a  peculiar  compound  of  hydrogen  and  carbon,  but 
■ay  Im  n-moved  by  allowing  the  gas  to  etrcam  through  a  tube 
fnilli  it*  of  wood  cliarcoal  (Steidioiiw).  Tho  gas  fur- 
P  bj  :.          ^Dii  of  (iiliitcil  itiilphuric  acid  on  icinc  uUo  ]>os- 

I I  pncullir  odour,  and  ia  frequently  contaminated  witJi  aoudl  | 
EjltRi  tirciimpontiilH  of  hydrogen   with  «ii)phur,  nnwnic,  and 
|l.     It  miiy  ))«  freed  from  thc»e   impurities  by  causing  it  to 
Int  through  a  strong  Holutiou  of  pola«h,  aud  then  through  a  * 
^■tf  oom)»ivo  Hiihliniato,  or  of  nitrate  of  silver.  j 
PHr/iM. — Hydrogen  in  nii  dcriKiitiiry  substance,  which  wu 
mttA  by  Cavcndifilt  in  1761S.     When  obtained  with  tlie  pre* 
^■AitU   meutioncd,  it  is  »  coIoitrlcM',  t ran «> parent,  ta«tclcs9, 
HKoua  gaS'     Its  refractive  |>oti  rr  n|>on  lijjlit  i>  higher  lliau 
■Buy  oth*.>r  gaa,  being  more  tlutn  *i\  times  as  great  as  that 

p  ill  the  same  temperature,  whai  the  hydn>gcii  is 

h  Weight  ift  the  name  as  that  of  an  cqiml  bulk  of  air. 

never  been  liquefied,  and  ia  even  lea*  soluble  in  water  tbaa  j 
1^  '  iica  of  water,  aocordiof;  to  Uuiii-cn,  dissolving  I 

b.     J.  injgcu  at  all  tetujiernturvs  bctiveeu  31°  utdj 
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P.  Hydrogen  U  the  lightest  fomi  of  mutter  which  is  knownH 
its  weight  is  ouly  iicth  of  that  of  an  equal  bulk  of  oxygen,  uid  I 
little  more  tlwD  ,'jth  of  that  of  air:  ico  cubic  iuclies  of  it  wci^  I 
but  i'i4  grains.  Owing  to  its  levity,  it  haa  been  extensively  uwd  1 
for  a£n»tatic  purpotr^  although  the  fncility  irith  whirJi  coal  gu  J 
can  now  be  obtained  baa  caused  this  latter,  notwithstanding  ita  I 
much  grentcr  density,  to  be  u»iTcr»ally  eubstituttMi  for  liydrogoi  J 
ia  hliiug  bnlloons.  A  li|;lil  hag  made  of  the  craw  of  a  turkey  ""fm 
oaeily  be  inflated  with  hydrogen,  and  will  a«ccod  rapidly,  and  cany  1 
with  it  a  weight  of  several  grains.  Owing  to  the  ligbtitess  of  tlis  I 
gM,  u  jar  may  be  easily  tilled  with  it  by  diirplaet-  I 
vtenl  without  usin^  the  inieumatic  trough :— A  I 
tube,  8  or  lo  inches  long,  is  Bxcd  by  a  eorii,  I 
ill  the  manner  sltown  at  a,  fig.  255,  into  a  tbroi^  I 
tieekcd  bottle  cotitainiug  some  granulated  zinc;  I 
diluted  sulphuric  acid  >»  introduced  through  the  I 
funnel,  and  the  gas,  after  the  atmoMphcrie  air  in  I 
the  bottle  h.-w  Ix-en  allowed  to  ecoape,  may  bsl 
collected  by  holding  a  jar  over  the  tube,  as  at  ft.  I 
The  hydrogen  will  be  retained  for  tome  minutes] 
even  if  the  jar  be  removed,  provided  that  it  he  | 
still  bdd  iu  the  inverted  jxMition  ;  while  if  tha  I 
mouth  bo  turned  upwardai.the  gas  will  have  escaped  I 
after  the  hxyiac  of  a  few  »ccundH.  Hydrogen  hat  a  J 
smaller  combining  iiumlx-r  Uian  any  other  dn-l 
meiitury  body,  and  it  has  hence  been  taken  m  Ati 
unit  or  at^nil.ird  uf  comparbon.  Its  propof  1 
tioual  number  is  tbererorc  nnity,  or  i,  andl 
it«  combining  volume  i,  or  double  that  of  oxygen:  the  eoii^  j 
bining  volume  of  a  %«s  being  the  pro|X)rtion  in  bulk  in  which  il  ] 
enlent  into  combination  with  other  ga-^cs,  as  compared  with  the  I 
bulk  occupied  by  an  equivalent  (quantity  of  oxygen,  under  similar  | 
circumstances  of  teiiipcraturc  and  pressure.  Pure  hydrugeo,! 
though  it  cannot  support  life,  is  not  jnisonous,  and  when  mixed  I 
with  a  certain  proportion  of  oxygen  it  has  been  breathed  for  soma  I 
time  without  inonuvcnieuce;  but,  owing  to  iU  rarity,  it  renderal 
the  voice  temporarily  much  sharper  and  more  shrill  than  usual 

(294)  SjpMena  of  IVater. — Hydrogen  is  extremely  inflaiii>j 
mable  ;  when  a  lighted  taper  ia  pliuigcil  into  a  jar  of  it,  the  gsa  I 
takes  fire,  hut  the  taper  is  cxtingutshe<l.  A  jet  uf  hydrogen  bums  j 
with  a  pale  ycUowieb  feebly  luminous  Bame,  but  gives  out  great] 
heat.  If  the  gas  be  dried  by  causing  it  to  puss  through  a  tube] 
coutatuing  cldwide  of  calcium,  and  a  cold  bell  jar  be  held  oveij 
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Imrning  jet,  tbe  interior  of  the  gl»a»  quickly  becomes  bedeved 
DiuUturc,  owing  to  the  formatioti  of  water  by  the  union  of 

htimiag  Iiydrogcn  with  the  oxygen  of  the  atmosphere.    Oxygen 
bydrogcti   may  be  kept  in  s  state  of  mixture  at  (be  onlinaiy 

iperaturc  of  tlie  air  for  An  untimiteil  period  nitliuiit  entering 
oombinalioD ;  but  tbc  pa&sagc  of  an  cleetric  apark,  tbe  appli- 
anoo  of  a  lighted  or  even  uf  a  glowing  match,  and,  in  some 
iutanoes,  the  mere  coatflct  of  a  eold  metallic  substance,  such  la 
l^uiuuni,  especially  if  tbe  metal  be  in  a  finely  dirided  state  {62), 
if  ciifficicut  to  determine  tbeir  immediate  oombiuation.  Sudden 
compreattiQa  of  the  gaM>«,  when  mixed,  produecs  tbc  lunie  vtTect 
fram  tlic  heat  evolved,  whilst  a  Ktill  greater  amount  of  eonipreaaion 
if  il  be  gradually  applied,  even  wbcn  raised  till  it  is  c<]ual  to  tbat 
Ul  150  atmospheres,  fails  to  pTo«)tu!e  their  union. 

Caveodifh,  in  ht«  inquiries  rcspcetin^  the  formation  of  water, 
d&cted  the  combination  of  the  two  gues  by  mcanv  of  tbe  electric 
ifUk.  IIecmp]oyedforthi» 
pnrpate  ft  strong  glass  ve»- 
■il,  a  iDodificatiou  of  which 
it  npresented  at  a,  fig.  2  jfS. 
IWagh  the  nppcT  part 
nro  platinum  wires  are  iu- 
mrttd  to  nithio  the  eighth 
of  811  inch  of  each  oiher. 
IV  vessel  can  be  eloscd  at 
the  botlum  by  a  ^aas  utop- 
ndt,  c.  The  air  is  ex- 
hMled,  and  tlie  tcmcI 
Kivwed  Dpon  the  top  of  a 
jv,  a,  OMitainiiig  a  mixture 
cf  two  measures  of  bydro- 
fpo  and  one  mmturc  of 
iiiy|en :  on  opening  the 
MOpcockB  a  portion  of  the 
Biiture  eulers  tbc  vessel ; 
(h)  cocks  are  then  closed, 
■wt  an  eleetric  spark  iiassed  tbrougb  the  mixture  by  discharging 
I  tnall  LcyilcHi  jar,  u,  through  tbe  platinum  wires,  a,  &.*  A 
bright  flash  is  seen  at  tbe  moment  of  the  discharge,  and  the 
psea  combioe,  forming  steam,  which  becomes  coiidcnecd  on 
tkc  sides  of  tlie  glass :  tJte  whole  of  the  tWD  giu'e!',  if  mixed  in  the 

•  TI»e  di*ckarK«  from  th*  m-ixradiiry  riirrpnl  of  a  Huhmkorfl'*  cm'l  in»y  in 
tU  null  euts  be  adraoiogMUtly  lubttiiulcd  fuc  the  ^oik  of  ikc  L«jdta  ju. 
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i.v»^'  '•i«i(M.n[tuii«,euter  into  combination  with  eachother.  Onif 
.■^■t.ii.iij;  ■ilk-  ^iyiJiX'ok.3  a  fresh  quantity  of  the  gases  may  be  admit 
V-  >i'i't''>  '•'''■'  c''"-*  "^  those  just  condensed,  the  spark  may  agaig 
.lrtjl.■vll(ilu^i.  -tiid  the  i)roce9s  may  be  repeated  till  the  whole  of 
:;*»,■•..  .ti^'  ^\>usutued,  and  a  considerable  quantity  of  water  fonni 
CV  iiuili.>t'uiity  of  composition,  and  regularity  of  proportioi 
»:>..>)  .VIII  t>v>uiiU»  aro  produced  when  they  combine  chemically 
V.I  tivi'rt'J  iltiwtrati-d  by  means  of  a  mixture  of  oxygen  and  hydro| 
j.ij»>v  I'tu-  i»o  ip»«.'s  may  be  mixed  in  any  arbitrary  proportioi 
t  u.ii.iMv  «v«u.'l,  into  the  Bides  of  which  two  platinum  wires  are  fa 
vi  '•!%'  i>iii(>v>M-  \}(  traiuimitting  the  electric  spark.  If  the  mixt 
\- ,  .iis*-t\'  \'i'  o\pKHliiig  at  all,  the  combination  will  be  found  to  h 
,>^^;tl•^^i  in  ihi'  p(\tiH>rtiou  of  two  measures  of  hydrogen  to  one  n 
Mils'  >■!  .'vni'ii.  no  matter  in  what  proportion  the  gaseswere  ming 
I'  .•.\»^»»i  K-  I'srtl  in  excess,  the  Huperfluous  oxygen  will  be  foi 
.v^».t:ii'iiii  uiiivtuliimtl ;  and  if  hydrogen  be  in  excess,  the  excel 
^ii.iu>;iii  wtU  Iv  U't^  unaltered  after  the  transmission  of  thespi 
I  I'vii  ilii>  |>i'iiH*i|ile  a  valuable  instrument,  the  Eudiometer 
,^.;l.,n^m\^l.  l>>  iiu'»n«  of  wliich  various  gaseous  mixtures  ma] 
♦■t»\«*l  vnh  s*^'*'  fxactnCBS.  Many  different  forms  of 
.^L.iitiiii^ni  ^»v  ">  ""«'■  One  of  the  simplest  and  most  conren: 
ix-:...::.; ,  oi  .»  ■•ii'nt  "iphmi  tube,  fig.  257,  open  at  one  extremity 

closed  at  the  other.     ] 

*■'"'■    *.'■?•  the  sides  of  the  tube,  1 

the  scaled  end,  two  platii 

wires,   a  £,  are    fused, 

the  purpose  of  transmit! 

an    electric    spark    thro 

the     cavity    of     the    ti 

The    scaled    limb    is    ai 

ratcly    graduated     to    h 

dredths   of    a    cubic    ii 

or    other  suitable  divisi< 

Su}i|x>se    it    be    desired 

ascertain      the     propor 

|.lnni'   air ;    the    instrument    is    first  6 

iiUi    nliiih    a   small    quantity   of   air    is    in 

,',.   !..iik  .'1    ihi"  iiir  i*  then  accurately  measured,  tal 

'>,i  1!.,  li,|U'il -'""d"  "t   *'"=   ^''™''   level  in  both  tubes, 

'"  ,..t\  ««»  l'»'''  hv.li'i;*'"  "bout  equal  in  bulk  to  the  air  is  1 

l*i  *.!».. il     "»l  ''"'   ''""^   "^  ^^^  mixture   is   again    accara 

'  t      H...  i.iH'ii  »'\tri'mity  of  the  tube  is  now  cbsed  1 

^Sv   in^^^,  U^»«  »>"*'»»  »  w*""*"  **'  rtmosphcnc  air  »  m 


.tlHII- 


1 


8T!ITnESIS   OP   VATBIt — ECDIOMETCIU, 


45 


;  this  portion  of  air  acU  as  n  sprinj*  wlucb  gradually 
the  explosive  force,  nlicii  the  cotnbi  nation  i*  cflii-ctcd  Ijy 
pMnng  a  spark  across  llic  tube  by  mcaiis  of  tbe  platioum  wires. 
Tim  gas  is  then  exploded  by  the  disdiiirgc  uf  the  Lcyclcn  jar. 
Tie  remaining  gas  now  occupies  a  smaller  volume,  owiug  to  the 
aadcnsatkm  of  the  »lcuni  which  hiXK  bi-cn  formotl.  Mercury  is 
Aerdbre  agaio  ponred  iuto  tbe  opca  limb,  until  it  stamU  at  the 
WDC  tevel  ill  liotli  tubes,  aud  the  vohimc  of  tbe  gtis  is  measured 
iliiird  time,  Onc-tbird  of  the  re<Iuction  iu  bulk  cxperieufred  by 
the  gas  will  rcpriiwut  the  entire  volume  of  oxygen  whicb  the  mix- 
lore  eootaiued.  For  delicate  experimeuts,  a  very  complete  though 
opmsii-fi  form  of  eudiometer  upon  this  priueiple  has  been  coutrived 
bf  Eeguault.    {Ann.  de  Vk'tmie,  III.  xivi.  333.) 

If  a  mixture  of  oxygen  ami  hydrogen  be  fired  in  tbe  air  in 
COnndrrable  quantity,  as  when  a  bladder-full  is  iguitftd, — or,  wbat 
» tffll  better,  nhca  a  quantity  of  soapsuds  is  blown  up  into  a 
WiM-  by  forcing  tome  of  the  gaAcouft  mixture  out  of  a  bladder 
tbrougb  a  pipe  under  the  liquid, — a  loud  and  sharp  report  attends 
Uic  cnmbiualion ;  tbe  Kteain  formcil  Kuddculy  expundii  from  the 
U;lt  temperatore  attendant  on  the  combustion,  and  immediately 
ifterwanl*  become*  coiKlcnsed  ;  great  dilatation  is  first  produced, 
fallowed  by  the  formation  of  a  partial  vacuum  ;  the  surrounding 
nr  nubcs  in  to  fill  the  void,  aud  by  the  collision  of  its  particles 
|iDdai-es  the  reporL  If  the  liyilrogcn  be  miied  with  air,  a  similar 
but  feebler  explosion  occurs  when  a  lighted  mateh  is  applied; 
lience  it  ix  especially  necessary  in  all  experiments  with  hydrogen  to 
■Oott  time  for  the  expulsion  of  the  atmosphcrie  air  fixim  the 
ip)Mratii»  Irefore  setting  fire  to  tlie  iHKuing  jet.  The  cxpioi>ion  is 
fcosl  nnlent  when  a  measures  of  hydrogen  arc  mixed  with  5  of 
lir:  if  the  mitture  WdilutctI  uith  a  large  excels  either  of  liydrogeu 
trof  air,  the  explosion  becomes  more  feeble;  the  beat  cvoWcd  ia 
\t»  intcDse,  ami  the  eomlmstion  lcs«  vmiden,  uutil  at  a  certain 
itpvc  of  dilution  no  explosion  follows  tbe  application  of  flame, 
Ul  the  oiixiurc  bums  .ftowly ;  wbiNt,  if  still  more  diluted,  it  takes 
in  only  ju»t  at  tl»e  apot  where  tlie  heat  is  applied,  but  the  com- 
taitian  does  not  spread  through  the  mass. 

If  a  lung  tuiic,  open  at  both  ends,  be  held  over  a  jet  of  burning 
b/drcgen,  a  rapid  current  is  produced  through  the  tube  whicb  occa- 
*ttiaa  a  iNekcring  in  Uio  dame,  attended  by  a  scries  of  Amall  explo- 
cooa  that  succeed  each  other  so  rapidly  and  at  such  regular  intervals 
Ktagirc  rise  to  a  muHical  note,  the  pitch  and  quality  of  which 
nrirs  with  the  length,  thickness,  and  diameter  of  the  tube. 

Pure  water  may  be  formed  in  considerable  qu&utitica  by  a 
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method  difTnciit  from  those  hitlierto  tlescrilicd ;  tkr  i)[m 
Uie  lame   time  furnuiheii  a  mnans  of  uoeruiittog  aa-iintcl) 
I'TolMirc  wetglilB  of  oxygca  aud  hydrogen  which  enter  iuto 
[poaition  of  water,    Ii  coii^ifits  iu  transmitting  m  eurrctii  of  hyi 
L'  Ofer  n  wvigUod  quantitj'  of  oxJilf;  of  copper :  at  a  red  heat  hyi 
AtprivtB  the  oxide  of  copper  of  it«  o\vgcu,  nod  fomu 
deteriDiiiing  the  weight  <^  tlie  nater  thus  produced,  aud 
1  vtiataincd  by  tlie  oxide  of  copper,  the  proportioo  of  hvdrogini  wt 
[liM  cotobiucd  with  Uie  oxygen  can  be  uoertniuod.    The  a[ 

Fio.  isS. 


required  for  the  purpose  is  represented  in  fig.  358.  A 
tity  of  oxide  of  copper  is  pUccd  in  the  glohe,  r,  wb 
I  eututnided  of  glass  of  difGcult  fusihility,  and  the  glob 
'  its  oontcnta  are  accurately  weiglinl  after.  A  carrcui  of  hydrqi 
prepared  from  zinc  and  sulphuric  acid  in  the  bottJe,  a,  is  alloij 
to  bubble  up  through  a  aotutiou  of  {)ota»b,  u,  and  to  Iravenc  ' 
bent  tuhex  in  succession ;  the  lint,  c,  is  tillcd  with  frafcniE 
pumicc-stonc  moistened  with  a  solution  of  corromvc  sat 
(llgCI) ;  the  second,  D,  cout^ni  fragments  of  fu»e(I  cnnstie  | 
and  the  third,  k,  is  (-hitrged  with  pnniin:  mubtvned  with 
vitiiol.  The  mercurial  salt  and  tbe  potash  retnuvc  tlie 
arMiitc,  sulpliiir,  and  carburetted  compounds,  which  tite  gas  1 
otherwiso  carry  over,  and  the  oU  of  vitriol  abtorU  tlie  last 
of  moibturc.  Perfectly  pure  and  dry  liydrogcu  gas  i«  thus  ddiiC 
in  tlio  gloW,  r.  When  all  the  air  is  ooiupletcly  displac'  ' 
Applied  to  the  clobci  the  oxide  of  copper  gires  up  Ur 
water  Is  furmcd,  and  becoinee  oowlcnied  in  tlio  rocvtrer;! 
well  u  in  thii  attacliod  bunt  tulic,  n,  nbich  i*  flUi'd  «ilb 
of  pumiiT  moistened  with  oil  of  ritriul :  the  whuh-  of  thul 
fonnod  19  by  this   mosns  arrnlcd.     ■  t*  a  bulb  tube  oout 


1!   of  vitriol,  which    prwent»   the  r- 
and  bv  iu  motion  »tu>w«  the  pnx; 
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the  liydrogoD  u  dift])!^^^  by  »  current  of  lUr, 

|!lulx-  wttb  l)io  oicidc  after  the  cx)>eniiieat  liw 

Xhf  loMx  giTen  tiio  qtinutity  of  osygva  which  hu  oom- 

bytlni^cii  i  whilst  th«  difference  betwceu  tbe  amoimt 

tluat  o{  tbo  wnler  coiuleRMKl  in  the  receiver,  o,  ikud 

!,  n,  «)tows  the  ({iiiiDtiCy  of  hydrogen  that  has  combined 

Eichfirtun  orby(tros<.'n  is  in  thix  muiincr[iruvcd  to  require 

Kraiut  i>f  usyp;u  Ibr  its  conrcrdiou  into  vatcr.    (Dunus, 

Cktinie,  in.  viii.  189,) 

J  »ii>taili<]  oxides  besides  oxide  oroopper,  wbca  heated 

byilrogcn,  pMt  with  their  oxygen,  aiul  are  brought 

motallio  cundilion.     If  the  bulb  be  weighed  first  when 

when  charged  with  oxide,  and  a  thin)  tiinc  after  the 

'  p»  faaa  lieeu  continued  till  all  formation  of  water  ccace*, 

tube  ha»  Ih.vo(iic  cool,  tbu  loss  of  weight  su«taiiic<l  by  tbe 

>portioD  of  oxygen  oombiued  with  tbe  metal. 

,te  «naly»iB  of  the  oxide  will  thu«  have  been 

'3g'75  pwftt  of  oxide  of  copper  arc  found  in  thi«  way  to 
[1*75  uf  ooppcr  and  8  of  oxygon. 

■Dgeu  iu  tbe  act  of  combintiig  with  oxygen  emiu  a  very 
iflol.     By  throwing  a  jet  of  oxygen  into  «  flame  of  coaU 

hydrcgen,  or  ntill  belter 
dactu);    a    jet    of  oxygen, 
>.W<  iiilo  the  centre  of  a 
I  at  u  with  a  gas-holder 
hvilrugen,   ao    that    the 
may  become  luixcxl  jiifit 
from  the  corniiton 
e  a,  a  beat  may  be 
oh  can'  KRrcely  be  sur- 
itnea   tltc  two  gases 
tlie  |>toi)ortion   of  a 
11   to  I   vohime 
Ttxlticcd   into   a 
burned  as  they  itwue 

of     ;      ■:   ■      ■        .    .:1. 

Bwti  Mi.       :  ■-,_      .'foty  jet.     It  coiwi»ts  of  a  brasa 

inches  long  and  two-thirds  of  an  inch  in  diameter, 

of  VLTV  fine  bru»a  wire,  which  nu--  |itu-Veil  cluscly 

wedged  in  very  tightly  by  driving  a  stmu  conical 

[tutu  tite  axia  of  the  tube  (401).    Tbi»  tube  i»  supplied 

'      pipe  jet,  ntid  at  the  other  with  a  screw 

<  .1  tttipCMk  adjusted  tu  tlie  neck  of  lUc 
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bliulder,  Tbv  temperature  produced  by  burning  the  xnit 
from  sucb  n  jet  U  m)  inteiiik;  tbat  thick  iiLutiiiuin  wire  is  lud 
it  with  fjuc,  and  is  partiallj'  volatilizeil;  iron  and  steel  ue 
and  biirti  ititU  vivid  MriiittUnUotw.  Rock  crystal  may  be  I: 
and  drawn  out  into  threads  Uko  glaM,  and  the  stem  of  a 
pipe  may  lie  fiusc-d  into  n»  enamcl-likc  l>caid.  Wheutbeoi; 
gcii  Dame,  nliich  is  but  very  Techly  luminouB,  is  directed 
small  eylindiT  uf  lime,  &,  Utin  r«rtb  don  oot  fuM.-,  but  it 
nhile  hot,  and  then  emits  a  very  pure  vbitc  lij^bt  of  great  tt 
and  ii)teni)ity,u'bich  may  be  maintained  for  hours,  if  care  lie 
oxpotc  to  tlio  flame  fre&li  surfaces  of  the  lime  by  cauaiug  it  to 
by  cloekwurk,  oontinuallr  but  reiy  cloirly.  Tliiii  object 
obtained  le»a  perfectly  by  ocea«<ioiially  turning  the  pin,  e, 
aupports  the  lime.  "Without  this  prvcautton  a  cavity 
formed  opposite  to  tlie  Jet  from  volatitiKation  of  a  small  (jiia 
the  lime.  This  light  was  originally  propo*cd  hy  Lieut.  Dnii 
to  be  u»cd  in  the  trigonometrieal  fiurvey  of  Great  Britain, 
MtoniKliiiig  at  nliat  distances  it  may  be  seen  when  tlic  rays 
oentraled  Ijy  a  parulxilic  rcllector.  On  the  ^lat  Dcccmlwr,  i 
waa  Hco  across  the  I  ribb Channel, at  half-past  3  v.u.  (during  di 
fixiva  the  top  uf  Slierc  Dootrd,  in  Ireland,  by  an  nbscner  s' 
at  the  top  of  Snowdou, — an  lutcrral  of  loS  miles  in  s  dL 
and  it  has  more  than  onco  been  »ecn  at  a  distance  of  1  la 

Water  is  formed  abuudautly  irheuever  cotiibtiKtible  tHxlict] 
contain  hyilrc^en  arc  bunted  with  a  free  supjily  of  air. 
tallow,  oil,  wax,  alcohol,  coal  gas,  and  most  of  our  ordiii 
buttibles  which  burn  with  flntne,  in  this  manner  funiish  coniji 
quantities  of  water  in  Uie  act  of  burning. 

A  striking  esporimcnt  may  be  |)crformnl  with  hyd 
shows  tww  purely  conventtonal  arc  ibc  ti'Tnts  'oumbii 
and  '  supportcni  of  combuslioii.'  Let  a  tall  tfoltle  wiih  a 
Deck  be  filled  with  hydn>getj  gas ;  through  a  eurk  which 
easily  into  the  neck  of  tlu;  bottle  fit  a  jet  ootmect'  ' 
holder  oonuiuing  oxygon;  place  the  bottle  nwuth  <'' 
sot  liro  to  tlic  bydnjgcn,  tht-u  immediately  insert  the  cork 
through  which  a  itrnuu  of  oxyicen  is  gently  iMuing.  TliB 
Will  api)ear  to  attach  lUelf  to  the  oxygen  tulir,  aud  tbe 
oxygen  will  Im:  burning  in  an  ntmo*phen  of  hydrogen.  Con' 
in  fact,  occurs  nt  the  pUoe  where  the  two  gases  fint  coi 
contact.  Sup|K»e,  fur  a  luomcut,  tliat  the  fSrlb's  at. 
tiad  contained  liydrof(eu  iuoteul  of  vtygcu;  laygru 
■     :'  ■  ■'     '    !-     '-      inlhutible  ga»,and  b; 
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CAKftOX VAimoSK  ACID^^::AfLtlONIC  OXtDB. 


I.  Cailbonic  Acii>  (CO,  =  23);   Ctmb.   VoL,  a; 
Sp.  Gr.,  1-539.* 

\s  iTiiospaKRB  oom)>OBCil  ca]y  of  oxti;cii,  nitrogen,  and 

•li  pcrfvctl;  (ulftpud  to  tliu  aiippurt  of  aiiiin^  lifo,  would 

,  to  nutain  TCgctatioii.    Plants  require  for  their  grotrtb  and 

■cut  11  ccrtniD  projmrtiou  of  miotlier  gaa — carbonic  acid. 

I  of  the  existence  of  this  bodj  in  the  air  (190  6)  i«  euily 

bjr  exposing  a  snuocr  of  Ivmc  wntcr  to  tlio  nlmotpliore : 

ilr*  minute*  its  surface  becoioes  cnvcred  with  a  tliiii  |tclliclL>, 

.  ifihsturbed  by  ugilauion  tiakt  to  tlic  bottom.     The  pellicle 

aSitr  fittrli  aj^ilatioi)  until  the  whole  of  the  lime  cou- 

'<ri«  bc«a  thus  roudcri'd  itiKoIublo.     This  white 

^1  t*  Ik  oc)ui|>ouuil  of  carlioui<;  acid  and  lime. 

1  eoopouuds  of  carbonic  acid  with  bases  arc  termed  carbonatet, 

I  ctwllc  Ik  <:hoini(-»lly  Icnmcd  carbonate  of  liam.     When  the 

tbu*  ublaiiiMt  is'  heated   to  bright   rcdncxs  (which,  if  the 

if  to  bo  accumtclj'  csamincd,  must  be  effected  in  a  platinum  , 

911^  '■'    ev]>rlled  as  a  colourless  and  transparent  gait, 

■|Li.  I  i«  left  behind. 

ralioM. — lo  actual  practice  carbonic  acid  is  obtained  by  a 

DIM'  r  plan,    Carbonic  acid  brang  but  a  feclile  add, 

i\'  I  impounds  by  almost  ercrjr  other  acid  which 

Mlahle  in  water;  it  is  therefore  easily  separated  ft>om  its 

''lilion  of  uiiv  of  tlicM!  actils.     Fragments  of 

.   <  li  tH  a  more  conipact   form  of  carbonate  of 

\»n  placed  ia  a  retort  or  gae>1}ottlc,  and  some  powerful  acid, 

or  the  hydrtKhluric,  diluted  with  A  or  10  tiiucH 

,  i»  [Kitirnd  upon  the  chalk,  when  the  acid  ecixM 

and  dittpUcn   the  carbauic  acid,  which  escapes  witli  a 

tSenfciccncc.     The  following  diagram  shows  the  natnn-  of 

iipmitiim  when  chiilk  and  nilric  arid  are  employed  : — 


r  n>||4(->l«d  u  tit  iMsio, 


irb'n'.i.(lox}-iictibca(li>pt<^(C=i>,  0-=\(i\, 
Ja«  CO,  wiU)  ktombiuinf  DaBbe(44.  and  ttiit 
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Decomposition  of  Chalk  In/  Ntlric  Acid. 


22=1   eq.  Carbonic  acid,  |,COj) — 
38=  I  eq.  Lime  (CuO)' 


set  free. 


I  eq.  rCitnfe 

of  lime, 

(C«0,  NOJ 

set  frto, 


S«rat«  ilHompfMiiiaii. 
50=1   eq. 
of  chalk 
(CaO.CO,) 
63  =  1  cq.hyd.l54=ieq.  Kitric acid  (NOj) 
nitric  acid     \  ^,  .      ,„rM 

Or  ill  Symbols;  CaO,  COj+HO,\05=CaO,  NOj  +  COj+UO. 

Limestone,  Icelaatl  sp«r,  oyster  shells,  pearlash,  and  carbonate 
of  Boda,  all  yield  carbonic  acid  alien  ttctcd  on  by  a  stronger  add. 

Prt/per/its. — Under  atniwplieric  tcm[>eratures  carbonic  acidn 
a  colourless  transparent  gas,  with  «  faintly  adduloiis  emell  aal 
tnstc;  but  when  generated  in  a  contin<-d  »pttce  in  strong  vcffi«l8  it 
bcconica  condensed  to  a  liquid  as  transparent  and  colotirlcms 
water,  which,  according  to  Hcgnault,  boils  at — 109°.  At  3a*  P.it 
rccinirea  a  pressure  of  38*5  atmospheres  to  i-ctain  it  in  tbc  U^fH 
state  (Faraday).  It  then  has  a  specific  gravity  of  0-83,  wfails^l 
86^  the  xiicoiflc  gmrity  is  only  060.  If  tliese  data  Iw  eorreel^ 
the  li<iui(l  expands  by  the  appHeation  of  heat  four  times  mors 
ia|>idly  Uiau  jur  (Thiloricr) ;  but  according  to  Audrceff  (Liebig's 
^n.,  cat.  10)  the  cxpanadon  of  tbc  liquid,  although  greater  thu 
that  of  tlie  giui,  i»  not  ko  great  as  Ttulori«r  state*.  AndreeflT  fotmd 
the  density  of  tbc  liquid  0-947  ^^  32";  ©'893  at  50";  0'86  at  60°  \ 
and  0*779  '^^  7^°-  Liquelicd  carbonic  acid  docs  not  mix  fnxij 
with  water,  or  with  the  fixed  oils ;  but  it  is  dissolved  in  all  propor- 
tions by  filcohol,  ether,  oil  of  turpentine,  naphtha,  and  bisulphiik 
of  carbon.  When  a  stream  of  the  liquefied  acid  is  allowed  to 
escape  into  the  air,  it  freezes  into  a  snow-wbitc  solid  (l8a) :  and  I 
a  tnbe  containing  liquid  carbonic  acid  Ih;  plunged  into  a  bath  of  tfao 
solid  acid  mixed  with  ether,  and  placed  in  the  raouum  of  the  aiii 
pump,  the  liquid  acid  in  the  tube  will  »pccdily  be  froxen  into  I 
clear  transparent  ice-like  mass,  11  liicli  melts  at  — 70*.  The  solidifii 
acid  is  hctLviin'  than  the  liquid  portion  in  which  it  i»  being  formed 

Carbonic  acid  gas  is  not  inflnmnmhlc,  neither  will  it  !<iq)pot 
the  Hamc  of  burning  bodies ;  the  extinction  of  a  tai>er  Is  one 
the  means  frequently  resorted  to  for  detecting  ita  presence,  yiatt, 
other  gaecs,  however,  have  the  same  property ;  some  additions 
test,  therefore,  becomes  uccc»*ary.  Suob  a  test  is  atTonlcd  by  i' 
action  upon  Umc-water,  which,  when  agitated  with  the  gas, 
intmediatc-Iy  rendered  milky  fi-om  the  formation  of  chalk;  a  A 
drops  of  any  strong  acid  di^olve  the   chalk   and  restore 


¥to.  itio. 


jareniCT  to   the  liqnid ;  an  excess  of  even  carbonic  acid  has  tbe 
lUDC  effect. 

Carbouic  acid  gtts.  in  its  conocntraied  form  is  irre»piral)Ie,  for 
W  producing  spasiD  of  the  glottis  it  is  prevented  from  vutcriug  the 
bngn;  irhea  dilutisl  irtiU  air,  however,  it  may  be  breatlied  without 
trena  suapicioo  of  its  presence.  If  the  proportion  exceed  3  or 
4  fcr  ctMit.  of  the  air  it  act*  as  a  narcotic  poison  ;  aud  even  in 
muth  imaller  quantities  its  depressing  cifects  are  very  injurious. 
Tbcill  effects  c\pcrici)oed  in  crowded  and  ill-veutilutvd  rooms  arc 
c&ielly  due  to  the  presence  of  this  gas  in  undue  <iuantity,  and  it  is 
this  drcumstaticc  which  renders  attention  to  ventilation  a  matter 
■tfmdi  high  impottaiice. 

CartxHiio  acid  gas  is  more  than  half  as  heavy  again  as  atmo- 
iplieric  air ;  lOO  cubic  iuebes  of  it  ut  60"  F.  aud  30  inches  Rut. 
*agh47'303  grsuns;  from  its  density 
it  my  easily  Im  collected  in  dry  ves- 
itb  by  displacement,  in  the  mauuer 
itpesentctl  in  fig,  160,  aad  may  be 
poured  from  one  reasel  into  anotber 
like  water. 

No  definite  hydrate  of  carbonic 
Kid  is  known  ;  the  compound,  botli 
in  tlie  form  of  gas  and  i»  it«  dciixtr 
GDoditiona  of  liquid  and  solid,  bein^ 
nliydroas ;  »o  tliat  it  would  be  cor- 
net to  speak  of  carbonic  acid  ptA 
xt  carbonic  anhydride.  At  ttie 
urdinary  lempcraiuw,  water  may  be 
rnidc  to    take  op  about   its   own 

bnlk  of  carbonic  acid,  and  it^  itolubility  increases  if  the  pressure  be 
tacnasod  ;*  but  wbca  the  coraprcuion  is  buddcnly  removed,  the 
p»  escapes  witli  brisk  vlierrcsccDCC.  Advantage  i«  taken  of  this 
.  i^tance  in  the  preparation  of  mda.tealer,  as  it  is  called. 
iis  porpojc  the  water,  wbieh  may  ur  may  not  contain  soda 
or  other  substances  itt  solution,  is  mechanically  charged  with  a 
Urge  quantity  of  carbonic  acid  go«,  by  the  use  uf  a  condensing 
■jiringe,  attached  to  a  reservoir  filled  with  the  gan.  I'lic  excest 
lA  the  gas  tlius  forced  into  tho  liquid  occasions  the  agreeable 
hriKkncaa  and  pungency  so  much  prized  in  this  beverage.  A 
wlutioa  of  carbonic  acid  in  water  reddens  tincture  of  litmus;  but 
tlw  red  coloar  disappears  if  the  li()aid  be  boiled  for  a  few  minutes, 

*  If  th»  una  he  (imply  uuMiailtcd  througii  tho  wstrr,  tli«  lH|»iil  seldom 
tmorc  tiisD  iwo-thirdsofit*  bnlk. 


r 
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oriug  to  the  cxptilMon  of  the  gas.  The  aqueoos  ■olitlion  (^ 
tu:td  poHscsacs  nolvcDt  povrcra  which,  though  in  nuny  instxiiOcsj 
tremcly  fcchle,  lire  yoi  far  more  extensive  than  tltcwe  of  [lure  ifl 
By  tbe  oootinuous  actioD  of  vater  clinrgcd  with  carbonic  ><?)<)|fl 
granite  iind  the  hnrdext  roclcs  nrc  disiotcgrato'l,  few  finrly  dfl 
miucraU  being  ahle  to  resist  its  gradual  aiid  long  oontiuoed  mH 
Tlie  propOTlioa  of  ga*  diiwcilvcid  is  in  many  instance*  verj  u^l 
but  M  (ev  natural  sources  of  water  exi«t  tihich  an  not  to  a  gS 
or  less  extent  iinpregnatod  with  carhoiiic  acid,  either  hy  nbitoiS 
from  the  atiuoaphere  or  from  tlie  noil,  the  tolution,  insignific^H 
it  may  at  first  »ight  appear,  is  continually  proceeding,  and  ^| 
lapse  of  time  it  effects  changes  of  great  in)|>orlanee  and  extc^f 

Tlic  briskness  of  spring  water  is  partly  due  to  the  carfl 
acid  which  it  contains ;  though  iu  usual  coolness  an^H 
abundance  of  atmospheric  air  dissolved  in  it  arc  still  tnoifl 
portant.  It  is  the  absence  of  these  qualities  which  t^U 
boiled  or  distilled  water  flat  and  iiisipid.  Carbonic  acSlH 
originally  termed  fix^d  air,  from  the  cireumstaiico  of  its  hfl 
been  diaoovered  by  Dr.  Black  in  17^7,  as  a  solid  or  fixedH 
stitiieiit  in  limeatoae,  and  from  its  becoming  fixed  or  ftlM^| 
by  solutions  of  the  pur<^  slkalics.  H 

(396)  Sources  of  Carimtiic  Acid. — Besides  tin*  prooes^l 
procuring  the  gas  already  described,  tbcr«  are  a  variety  of  cafl 
which  it  is  jiroducetl  on  a  very  large  scale  in  iiatiir*'.  H 

I. — Bcspiratioii  in  man  and  animals  i*  always  attended  wi^| 
formation  of  n  targe  prajtorlion  of  the  gas.  This  fact  may  be  fl 
proTcd  by  forcing  air  from  the  luiigx  by  ineatu  of  a  tii1>c  thfl 
limc-wat«r,  which  uill  !>[K^itl)ly  become  milky  frum  the  dupoait^f 
carbonate  of  lime.  The  proportion  of  carbonic  acid  in  re^| 
atr  variea  from  3  to  4   per  cent.,  being  usually  about  -)|  ixsrl 

3. — Oartwnic  acid  is  also  abiitiiiai)tly  disengnged  in  the  p^| 
of  fcnncutatioii,  and  is  the  catuc  of  the  briskness  of  l>ottl«)H 
champagne,  and  other  fermenting  liijiion^  Many  accidrnlaH 
occurred  from  per*onii  incautiuusly  doscrnding  into  an  oH 
&rni«nting-rat  before  the  gas  has  had  time  to  escape  *ti^| 
with  the  air  ;  it  is  nsiial  to  facilitate  the  eaca|>e  of  tbc  dense  |H 
leaving  the  plug  at  the  bottom  of  Ilia  vnael  ojhii  for  witats  ^M 

3. — In  the  operation  of  burning  lime  in  tbo  Ume-kU^| 
beat  expels  from  the  limestone  the  carbonic  odd,  which  oim^M 
largo  volume.  M:iny  a  poor  liousclcs*  wanderer,  lei^^^H 
tbv  wartnlli  u-'   lUr  kiln,  lias   lain  dnirn  in  Uio  stream  ot^^H 

reeding  from       '-i^lvt   } Hy  i^^H 

liitn   of  ■ulit'-  I      :    I.  upon   lim^H 
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tit  the  surface,  Iftrgc  voltimes  of  carbonic  ncid  arc  continually 
their  way  inio  the  atmosphere ;  imuicuac  (junBtities  arc  di»- 
tlitiged  from  open  craters  or  from  ft».Htirr>  niid  cavities  in  the  *oil ; 
the  tpriagt  in  such  districts  are  also  frequently  highly  charged  frith  it, 
md  the  gas  e»cape»  with  eHerrcsccnce  when  thi-y  roach  the  mirfacc. 
The  spriogs  of  Sclticr,  Pyrroont,  and  Maricobaii,  on  the  (Continent, 
md  of  Tunhrifige,  in  our  ovrn  country,  exhibit  this  phenomenon. 

4. — The  carbonic  acid  met  with  in  spring  water  ia  in  inanj 
autanoea  derivcil  from  the  gmdiml  oxidation  of  the  vegetable 
ad  other  organic  matter  vhich  it  holds  in  solution,  by  the  action 
of  the  oxygen  of  the  air  which  nil  water*  naturally  contain.  The 
lil;c  waters  from  the  primitive  di^tricta,  .luch  as  those  in  tije  nortlmm 
lorta  of  Scotland,  leave  Murccly  any  residue  on  ciaporittiuu  except 
I  little  organic  matter ;  tliey  are  very  free  from  carbonic  acid, 
uul  (he  bnlk  of  oxygen  hchi  in  solution  is  somewhat  marc  than 
DBC  half  that  of  the  nitrogen.  If  such  tvatem  be  kc^it  in  closed 
imeb  for  a  few  weeks  in  a  warm  room,  the  oxygen  gradually 
decnaaea,  and  in  its  place  a  correci|)ondiiig  volume  of  carbonic 
Kid  ra  foaiid.  The  pure  water  of  Loch  Katrine,  for  cjiample, 
•ben  firat  collected  did  not  contnin  more  than  o'Of^  cutnc 
iuchea  of  carbotiic  acid  per  gallon ;  but  the  quantity  of  this  gas 
■Kich  the  same  aainple  coiitoiucd  after  it  had  licen  kept  iu  a 
clowtl  vessel  for  some  weeks,  in  a  warm  room,  rose  to  0*38 
nbic  inches  in  llie  gallon,  whiUt  the  oxygcu  had  dimiuiihed  to 
■  limilar  extent.  Spring  waters  which  rise  in  a  sandy  district, 
the  surface  of  whicli  ia  sparingly  clothed  with  vegetation,  and  from 
•inch  consequently  tlicy  can  take  Up  but  httlc  organic  matter, 
(ODtaiii  but  Nmall  quuntitie!>,  often  mere  tracer,  of  carbonic  ncid  ; 
ttiUt  the  springs  of  higlily  cultivated  districts,  such  as  those 
*Uch  rest  more  or  Icm  directly  upon  the  chalk,  become  cliarged 
«ith  organic  matter,  which  gradually  undergoes  oxidation  in  the 
toil,  and  the  quantity  of  carbonic  acid  containeil  in  Fuch  wnterx  w 
always  considerable,  whiUt  the  quantity  of  oxyi;rn  is  proportion- 
ately redacol.*     The  extent  to  which  this  change  takes  place  in 


Thransljuis  or  1lM<i«gs»c#  or  or  any  mixinrK  of  lur  witli  rwbonic  acid. 
I,  fiir  nampl^,  m  rfspirM  sir,  may  bv  rifnctcd  wiih  niifHciRnt  aecurapy  for 
i^aai  pnrpOM*.  in  tiic  followiBg  muimvr : — ituppoainK  tbnt  the  (■'<■  had  Dcon 
wUhttfH  orer  cilbrr  «at«r  or  nemury,  it  brcuiui-ii  ticcciiiflry  to  tnuinfiir  a 
Mtkn  of  it  frinii  ihu  jsr  in  which  it  biut  b«oii  cullt'cU*(l  to  i\ie  onr  in  which  it 
Mb)  Im  analyied-  A  laetbod  of  cflectinK  tliin  is  Hhowoiu  S^.  ]6i.  Upon  tbo 
lovd.  ad.  i»  (oMteuei  a  ^pett«,  dMit;ii«il  for  efin-tiiig  ihw  Iroiufi-r  1  a  in  a 
ifkailnos]  funiM-l  of  a  <TipsoiCy  of  about  two  cubic  inches  j  at  c  is  s  small  sttvl 
■-..'»r'vl,ora  piece  of  voIcaniaHl  csoulrhonc  tnbind  compniwed  by  »  mrrew, 
'  #im^cv  and  lo*  riprniivc ;  by  citiicr  of  tlieac  eontriTsnor*  lii<*  non- 
LbefoiiBOl  can  be  miimiuoi  to  ■  wide  thermomuter  tutiv,  whiuti  u 
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rircr  water  is  very  rcmarknble.  It  is  well  exiiiltitctt  in  the  esse 
of  the  Tbiuncs.  On  one  ocawion,  some  HampleN  were  taken  from 
the  nver  at  lov  water  at  diCTeanont  points  on  tbe  same  day,  in 
Angiut,  1859;  thoge  collected   above  the  metropolis  being  ncarl; 

foraubod  at  d  witti  a  seooud  Bt«el  alopoocii  or  oaoutoliouo  tube  sad  sonv 
rtunp ;  i  ia  a  bulb  of  tlie  rapacity  of  oae  cabio  iocb,  or  ratliir  Icm  1  from  the 
upper  part  «f  &  procpede  nnotbcr  piece  of  Ibrrmomrtcr  tube,  bent  »*  sbownui 
Ibe  fiKun-.  to  ■lion'  of  it«  introduction  into  thn  gat-jnr.  To  Mte  the  uialnimnV 
tbe  fuuntl,  a,  ix  filled  with  mcrnurv.  tlii?  utopcorku  nw  botU  opened,  and  M 
toon  a  till!  air  hu  been  di-ipl^teed  from  thi^  verLiml  purlion  of  ilie  fiup  lube, 
and  mercury- MMPOliiruugli  if.  tli«*t«pco«k  rfinolKted;  the  mert-orj- (itiicWy 
displsoM  tli«  air  from  the  rest  of  the  tube,  and  Trou  tbe  bulb,  A.  nnd  m  iooi 
u  It  bcKias  to  floir  out  at  tbe  open  extremity  of  tbe  recurves]  porti<>ii,  llw 
■topooes,  •",  n  clo«ed.  The  iustrument  bping  noit  full  of  mfrrury,  i*  intro- 
dveed  into  tho  jar,  #,  of  X\>v  gas  to  bo  trsnsferred.  nnd  it*  otien  extremity  i« 
nisc'd  above  tholcTel  of  tbe  water  in  the  jar,  e ;  the  aloDeock.  </.  is  tlien  Opeoed, 
aod  wbilel  tbe  mercurj  man  nnt  into  It  vchcI  placed  for  ita  reeeptioa,  the  gM 
«Dl«ra  from  e,  and  oecupica  the  plaer  of  the  moreury  ill  tbe  bulb,  6.  Wben  aJ 
anJIiraeat  quantity  litia  been  admitted,  the  tube  is  di^preaaed  below  the  level  dfj 
iba  water  in  tbe  jar,  e ;  tbe  aluucock.  d.  is  ulosed,  and  the  pipette,  wliirb  ii  ' 
Mslcd  by  the  ndntieMon  of  a  little  «alL>r  iuto  tbe  eapilUry  tube.  i»  vithdniini 
from  tb^  jnr,  f.  The  gas  can  now  be  transferred  to  the  tfrndunted  tub*,  iL 
stsading  in  thnjnr  of  mercury,  g  ;  thf.  bont  limb  of  tbe  pipetle  ii  introdceoa 
toto  the  tube.  A,  which  ban  been  previously  filled  with  mercury.  FreahaON 
con  ia  poured  into  ihe  funnel,  a,  oftbepipetlc,  mid  onopcniuK  the  StopoodEi 
f,  w  ^  is  exii«llcd  into  the  tube,  h;  the  gaa  ehould  uot  occupy  more  than 
two-thurds  of  the  eapacity  of  thin  tube. 


Fid.  atii. 


the  pr^-porlioDtof  carbonic  Bctd,  of  nitrogen  and  of  oxygon,  ire  dov  «MitjJ 


^B«r  dawB   were  exlcnaiifclj'    impreRoated   witli  tbem. 
^Furre  rxpelted  from    each  sample  Ijy   lioilin^,   witliin 

Koun  of  tlio  time  of  iU  collccliou,   joid  the  rcvulls 
ICiven    in    the  fblloiring  tabic,  in    which  thor  are 
ith    Iho   jiroportiona    of   each    gas   furnished   by   a 
itnniit    ii[K)n  a    g&mpic   of   river   water  taken  above 
oa  Lock,  where  it  was  in  a  pure  condition. 
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1  tlieso  experiments^  it  will  Iw  »een  that  tlie  water  from 
I  (alioTc  TDddington)  is  thoroughly  aerated,  and  Dontains 
proiier  [itHportion  to  the  nitrogen.  At  Hammer- 
■t  of  the  organic  impurities  in  abstracting  the 
legiiu  to  be  evidont.  It  is  much  more  marked  at  Somerset 
rbilat  at  OrccTin-ich,  where  the  condition  of  the  river  at 
kbouL  at  tin-  wor»t,  the  oxygen  has  ncarl)-  di*Appear«d. 


rUtv  f'llloiritit!  maoacr : — The  IniTk  of  tiie  ru  In  the  tubv'.  i,  is 
re*(l  off,  c&ro  belui;  taken  tu  bring  (lie  mnriiry  to  iLe  Miiio 
ad  vrittiout  Ui«  lulwi;  Lli«  Ivmpvialun  siid  tbi-  ijri.'«iiit«  being 
■usl.  Suppofing  that  it  has  ihiu  been  ■Mcrtoiuou  ihntii  bulk  of 
..  lW«-lbirJ>  c^a  oatiic  inch  ir  to  bp  (objecieJ  to  llm  luialyiii,  the 
by  iBtaii*  ot  n  KlaM  «yriiis^,  tliiMwii  iiii  ten  or  Ivclvc  <iro}iii  of  il  ioIu- 
midV  (wilKili  [•:,  i-T.  i'4(  iulo  tiie  lube.  Tlic  rIiw*  nyrittfte  ml^  Lo 
'  svin  a  ilruQj;  tub"?  irbicli  ut  lolWntd  in  tlio  Uame 
i>i."]rvi'd  nt  ou«  end.  u  tbown  in  \bo  fi^urostii 
iintr*  thn  1<i.h1j  <i|'  till'  RTriaK^*-  wbilitC  tbe  piatoo  is  rsuly  formed  of 
'i;l=«  rnt),  jiri-rirlrd  with  a  plug  of  cnoalcliouc 

'  >'«  til*  coot4iDtfl  of  Uie  tubo  bjr  ropidlj  thnutias 

I'lnr.  and  withdrairinfi  il.  (slnofc  «are  to  ke«i>  Um 

^  tuu  nieriiury ;  lliit  tnuiiceuvru  t«  Kurcral  tiinta 

I  :  tb<-  iub<i  IB  iti^in  l«lt  at  rvit  for  a  niinuto  or 

I    :i"k<]  by  a  Hcoiul  time  ivsiliDg  ofTlbp  volonto  of 

<•■'-       i  i>' ihll'oreiuwiadicatMlhviuaouBt  of  carbonic 

giroportioa  of  oxygen  in  tlie  rcmalDdcr,  tho  ])laa 

■  i...  -...,„t-,t; — B  BolutioDof  I  part  of  pjroKallio 

.invut  40  dn>p9  of  tbu  toliition  i*  br  a 

and  till*  mii.ture  la  briakly  a«itatM  a» 

ijflo  be  ]>TOM-iil,  lifcomei  of  nn  iiiteoK 

)-  an>l  coinplu(«)y  Bbwrlwd:  I'm  K*«  U 

i>  I'ltim.-ilod  airiitrv>aeii ;  thodiffanoos 

"  giriajf  thf  roliUBo  otoxygw. 


..vrt«.=»    JP   iJAaBOXIC    ACID. 

>  .  voi^v  j»  mJ.  but  by  the  time  Erith  is  resdv 

_,...    >    vrcepcible.     Had  the  experiments  b( 

»^,     x'oti   rhe  river,  the  proportion  of  oxjg 

,^wu    ■•->    iiiorease,    owing    to    the    admixti 

.,   i.,1     ijjii    the    absorption   of    oxygen   due 

.1  ;htf  water  to  the  air  in  its  onvt 


^  ^    -^osiinites  what  is  termed  choke-damp 

.-  .   v.sffifusmuch  losBof  life  after  theoccurre 

^  „      4      .w'.»un?tted   hydrogen,    or  fire-damp. 

^    ,    .  Li-.aiw  in  the  old  workings  of  mines,  and 

V  -  .V   »>«.viuling  into  tlicm,  it  is  usual  to  lo 

sw-^r^^"  whether  the  light  will  burn;  i 

.  ...  .  .vusittercd  safe  to  venture  down.      Instam 

.,,.  ,»i  ;k  which  a  candle  was  found  burning  in 

'.v^<«  :'hstanding,  contained  sufiicteut  carbo 

_^_,i.     When  it  is  necessary   tp   enter  into 

.^.^■-.i^>I>  I'harged  with  this  gas,  Graham  suggc 

:!.»-   5hi-   mouth  and    nostrils  be    covered  n 

j;    t  uiiiturc   of  slaked   lime  and    crystalll 

j.,v,     Siii'h  a  mixture  is  porous  enough,  in  a  la 

..^    v-  I'-i'*  the  passage  of  sufEcient  air  for  re 

^      w    uoist   lime  completely  absorbs   the   carbo 

.  .,    1  tN.*  jiiii'tlicr  mode  in  which  carbonic  acid  is  t 

I  'i.v^.  tuiU'pciideutly  of  its  ini|Hirtancc  as  a  sou 

I  n-Tii;!!):  a*  throning  light  upon  its  chemical  nati 

.  v\m".  or  kxHcs  which,  like  wood,  coal,  oil,  or  tall 

■.  iN\.     -»;v  luinicd  cither  in  oxygen  or  in  air,  carbo 

,v  i>i::"'»"''j';  if  the  gas,  after  combustion  has  ter 

,  vv,  Hiih  liuic  water,  the  liquid  will  be  immedia) 

,4   *^.-»tn   Ix'  extracted  from   carbonic  acid.     I 

V    v;.*"-"'"'  I'fited  till  it   begins  to  burn  in  air, 

^,  ■ii-.»">  ''f  "  iilatiniim  spoon  into  a  jar  of  dry  carbc 

1  ^  .v..*"-,:im  will  contiime  to  burn  with  great  brilliai 

^",  ,.,...siaI  at  the  expense  of  the  oxygen  which  the 

1  ■,   ,!!,*t\'»'iil  i"  li'ieratcd,  as  may  be  seen  in  the  U 

1    .>  Aiv  -iii'lH-udcd  in   the  water  into  which  the  sp 

""        '  -V  lh»"  t\»mInwtion  is  complete.     Tims  carbonic  t 

...p.v  ^^.^  „„ihciically  and  analytically,  to  be  a  compoi 

^  ^    *  '    v<M«i>l"«nt  uf  tfharcoal  and  oxygen,  and  iti  composit 


.V  ' 


VVf«<^»«»^  »'■"*"'""=" 


SXTIKCTtON    Oy    BDSillNa    UrNBS    BV    CARBONIC   ACID. 


C    w    6  or  17-3S 
0,  =  16        73  ;» 

3738 
7373 

Bj  »A                     S|K  ir- 

1  or  rot    :=    o'4l4(i 
3         10      =     1*1057 

Qub. acid  CO,  =  a*  loooo  loo'oo  31-0=  I'sic) 
Osrbouic  acid  ia  not  decompoiied  by  mere  elevatiou  of  tempo* 
ntiife,  bat  if  a  Bi>cicnsion  of  electric  sparks  be  transmitted  through 
clw  gsa  it  is  partially  »«pikrntvd  iitto  <'jirl)onic  oxide,  aud  free 
■Tgen.  Sulphur,  chlorine,  and  the  halo^ciis  may  be  heated  with 
■he  gas  without  deconigxtning  it;  but  if  hwitwi  with  hydrogen, 
nter  and  carbonic  oside  arc  forracd,  the  decomposition  being  rc- 
jr(«Dted  thus,  CO,  +  H=CO  +  HO.  Carbon,  and  many  of  the 
Brt^Li,  such  as  iron  and  uno,  al»o  remove  a  portion  of  the  oxygen 
{rom  tlie  carbonic  acid,  and  convert  it  iuto  enrbonic  oxide  iy>^). 

Application. — &lr.  Goldsvrorlhy  Oumey  has  turned  the  pro* 
jnij  of   extingnuhit^   flame  poaseaaed  by  cartxinic  acid  to  an 
Baportant  practical  account.     Coal  mines,  at  ditTcrent  times  and 
frum  variotu  cnu>cs,  arc  liable  to  take  fire,  and  from  the  vast  mass 
of  heated  matter,  the  conflagration  not  unfreqiicntly  re«i»ta  all  the 
ontinary  means  of  cheeking  its  ravages;  many  acres  of  subterra- 
nean fire  are  thus  produced,  and  the  «forkiiig»  are  of  ncceaaity 
afaandoncd.     Mr.  Guniey,  in  such  cases,  closes  every  opening  into 
the  mine  but  tiro,  one  for  the   entrance,  the  other  for  the  escape 
of  the  gases,  and  then,  by  the  agency  of  the  ateam  jet,  pours  into 
the  mine  a  current  of  impure  carbonic  acid  and  nitrogen,  ubtnincd 
by  forcing  a  stream  of  air  through   a  eoke  furnace  iuto  the  mine, 
«  u  to  fill  llic  entire  workings  with  the  gas;  he  has  thus  on 
■•ercml  occasions  succeeded  at  a  very  small  expense  in  extinguish- 
ing fires  wliicli  have  raged  unsubdued  for  years.     A  very  remark- 
able case  of  this  kind  waa  mentioned  in  the  Tirnen  for  May  22, 
1851  : — T!ie  '  buniing  waste  of  Clackmannan,'  situate  about  seven 
ntlee  from  Stirling,   had  been  for  _^o  years  on  fire.     It  occurred 
iu  a  soani  of  nine-foot  coal,  and  extended  over  an  area  of  26  acres; 
yet  the  fire  was  suoocuNfulty  extitiguiitbed  :— atwut  8,000,000  cubic 
fat  of  gas  were  rctjuircd  to  fill  the  mine,  and  a  continuous  stream 
of  impure  carbonic  acid  was  kept  up  night  and  day  for  about  thrcv 
wflckti.     The  difficulty  lay  not  so  much  in  putting  out  the  fire,  as 
is  cooling  dowu  the  ignited  mass  so  that  it  should  not  agaiu  burst 
into  flame  00  readmitting  the  air.      In  order  to  effect  the  neccf- 
■ary  rvdudion  of  the  temperature,  water  was  blown  in  along  with 
the  carbonic  acid  in  the  form  of  a  fine  spray  or  mist.     Subse- 
quently, cold  air  mixed  with  the  spray  was  hlon-n  in,  and  in  a  month 
from  the  commencement  of  operatioos  the  fire  was  found  to  be 
omipktcly  cxtinguixbcd. 
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OEKERAL   PROPEBTIIES   OF    TBB   CABBOXATES. 
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CarboTtalea.- — Though   but   r   feeble   ftciil,  tlU!  nrbonic] 
uuilea  witli  tlie  mctitllic  protoxides,  and  fonos  a  nutDcroib 
itDportaiit  class  of  salb>,  which  have  hitherto  Ir-cd  gaieral^ 
ganled  u  monobasic;  in  whidi  case tk«y  would  contain  onoj 
valcot  of  the  acid  to  one  equira]ent  of  the  base,  like  caxboni 
lime  (C«0,CO.;).     Hut  in  the  case  of  the  ulkalica  a  teooDd  < 
lent  of  carboaio  acid  nay  bo  combined  with  the  metallic 
tluu  with  {Mtai^li  tliorc  iti  a  cnrbonntc  (KO,  CO;),  and  a  bie 
natc  or  acid  car)x>natc  (KO,  IIO,  i  CO,),*     The  rarbonntw^ 
the  exception  of  lliOKe  «f  the  nlkalic;,  are  not  yuUiblo  in  watt 
many  of  these  insoluble  carbonates,  and  in  paiticuUr  titoee  of  I 
magnesia,  barrtn,  and  .ttrnntin,   tntiy  bo  dissolvnl  in  some 
by  water  cliarged  with  oarbonic  acid,  and  are  deposited  in  a 
lino  form   ss  the  gas  slonly  escapes  from  the  li<)uid. 
cnTl)onate«  arc  dissolved  with  efTpri-fMiYiic^^  by  diluted  nitrio] 
and  even  by  acetic  acid:  the  gas  n  bicK  comes  ofl'  it  colonrtc 
renden  lime  water  turbid ;  it  |>ok.«C!>»c8  the  pro^iertics  of 
acid,  aborc  described.     The  most  delicate  test  of  the  pr 
free  carlionic  acid  is  oitc  of  tite  basic  salts  of  lead,  such  aa 
Ditratc  or  the  subacctate,  a  E<Jution  of  which  is  instantly  rvo 
milky  by  the  netioti  of  carboni<!  acid  gas  apOD  it.     The 
carbonates,  «bon  in  solution,   arc  ahto  decomposed  by  acids 
dIb'Tesoencc ;  tliey  give  with  Mlts  of  lime  a  white  precipitate, ' 
^is  immediately  rc-di<4olved  by  an  acid,  nitb  ciTcrTceconee. 
■ourlwiiatas  with  the  cxctiption  of  tboscof  potanh,  Kxla,  and 
are  decomposed  by  prolonged  ignition,  the  acid  being  ciitir 
pcll<-d  from  the  anil,    lite  carbonntcx  hai-e  coiisidiTiiljIo  tcnde 
combine  with  eac) I  other,  and  funn  double  salts,  like  dolomite, ' 
is  a  douljle  carlwimte  of  lime  and  mngnena  (MgO,  (.'aO, 
Many  basic  carbonates  arc  also  known  ;  they  sometimes 
3  au>ms  of  base  to  one  atom  of  the  acid,  and  arc  oni-n  liyij 
coni]>ounds — such,  for  example,  as  mBUcbitc  (2  CuO,  HO, 


•  Ooioji  to  Ibc  rxislcmre  of  tliese  tn\».  cnni-ilncd  with  it  C'-iti^r-ni 
I  ^rof'crili-H  i>f  iDftny  of  Un 
tain  o.-|,-aiiic*iibiUnM«,  till' 
l(4£o)   in  Irliiot)  rose  it*  funiiuln  nuuM  : 
livptfd  :  »rl]OiiaU>  of  tiiuv  Koiiltl  lUru 

of  jiotmli  01  jKD.  I'.O.t    Mil    [Jiti.'i'ir  M'v   ■  i' 

jIi.  m  KO.  HO,  0,0,.    Tbr  rcjrmuUe  of  i>ll  iL. 
lu  tiuutral  V  ■■■'  I  ■..--'--■-   1      I     111 

I  auil  (lnul : 

bkfi^^t    rlTijIi  I' 


Jl^  prvmiil  i^iGiitiui-  Id  III 
"  a  BMitobiuio  srjil,  in  ^ 
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}  II.  Carbon-.      (C=fi.)* 

i  rflownm^.  3'33  103-55;   Thtoreiical  Density  1^ Ua 
Viqxiur,  o'4i4(5;   Vomb.  Vol.,  3. 

;)  CjUUiok  is  an  clcmcuturjr  IkkI/  or  the  greatest  loipor- 
It  !a  Cound   ncarlv  in  n  Htate  of  jmrity  in  the  dianKiiidj 

proportion  of  foreign  adraixturo  it  occurs  iu  tlio  fo 
_ .  and  Htiil  less  pure  in  tlie  nbuiidsiit  deposits  of  pit  1 
i  mn  villi  in  enormous  qiiButitiea  in  combination,  nndcr  a 
ttir  of  forou.      IndejMiiiIently  of  tbc  quttntitr  of  it  irbicit  exists 
throagti  thn  stmospltcrc  in  the  state  of  carbonic  acid,  it  is 
DUtmt  of  tite  tinmerous  rorictics  of  curbonatc  of  limi?  and  of 
■io,  caQslitutiD);  oearly  an  eight li  of  the  entire  weight  of  titc 
t,  And  iaor«  than  a  HorcntU  of  tliat  of  carbonate  of  magnesia, 
chararteristic  in^rediontof  all  substances  which  arc  termed 
.  that  is,  of  subdtanccB  trhtcli  arc  produced  directly  or  iudi> 
I  frtHa  tlic  TCf^etable  or  animal  creation.     The  solid  parts  of 
,  ibniln.  aitd  truw  owe  their  form  and  solidity  to  tbia  clemenl^.J 
|u  Bioiuly  Rupplicd  to  them  from  the  carbonic  acid  in  the  atmo- 
This   action  of  plants  upon  carbonic  add  is  one  of  the 
Inrdsiurd  for  pri-wrving  uniformity  in  the  composition  of  the 
ITIm  quantities  of  carbotiic  acid  poured  forth  from  tbe  bowels 
earth,  and  deiived  from  tbc  processes  of  respiration  and 
1,  and  from  nunieniita  oilier  less  apparent  sources,  woul<) 
rt  ■>  iiei-aiion  au  injurious  accumulation  of  the  gas,  bnt  for 
.tin^   action.     In  solar   light  tbe  leaves  of   plant*  1 
trboiiic  acid  and  \rat*r,  appropriating  the  carboa  1 
fl-.       „  N  of  each  for  their  own  growth  and   nutrition, 
a  lar^  proportion  of  tbe  oxygen  wbtch  tlieae  compounds 
>-<*tttmed  into  tbc  air  in  tbo  gaseous  state.     Tlie  car- 
:  IS  pnurad  out  by  animab  as  a  refuse  and  poisonous 
sapplies    food  and    Buatcnancc  to  the  vegetable  world, 
I  iu  its  turn  '        <        tbo  carbou    into  a  fnrm  <>uitahlc  for  the 
loec  nf  li^  -iials.     Each  great  division  of  niiiinatcd 

i*  thus  BKen  to  bo  essentia)  to  tIte  well-being  and  even  to 
pport  nf  the  other.     The  fuel  which  lias  been  biinie<l  aitd 
ill  iu  vB|M>ur,  is  again  reduced   to  the  solid   slate,  and  by 
iey  of  regvlabld  Ufir,  it  is  once  mort  litlcd  for  combustion. 
lore  in  fi  '  ' '      rmnd  agents  by  which  dcoxidatiou  ia  effectedj 


nimnii-  t(iM;;!il  of  cnrbon,  tnsVing  C=  1 1.  and  tbo 

it  riTi'  t>  niroug.  tJial,  but  furt)i«coiirRiiaii  wfaidi 

I  nolBtMD.ittaprobsblotbatfescbeBUStS 
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DIAMOND— WnEBl   FOttND — MOBK  Of  CWttVa. 


wJiile  imimals  arc  the  cIinnBcU  throogb  whkji  re-conibiDatioii  will 
oxygeu  is  iinccn-siiigly  ])roduced. 

(398)  Diamond  (Ca),  Sp.  Gr.,  from  3-33  to  3-55. — Cirlrao  i 
found  in  its  purest  Ktntc  iu  the  diamond,  in  wliivb  it  occurs  aj> 
tallizcd  in  fomiB  bclonpinp  to  the  regular  system.  The  crrstiUi 
are  gcneriilly  ileriviitivci  from  thw  octohcdrdn,  with  a  clean^ 
parallel  to  each  of  the  planes  of  the  octohcdron ;  the  fncw  an 
ofton  convex,  «u<i  the  i-iigcj*  wre  generally  rounded,  or  /en/ieaifar, 
as  they  are  termed  in  bucIj  crystals.  Diamonds  usually  pnaei 
thcm«clTcs  under  tlie  appearance  of  »cnii-tr)tuxpHreitt  rounde 
pehbles,  encIoM-d  in  a  thin  brownish  opaque  ci-ust.  The  i;em,  idiM 
freed  from  this  eoating,  is  generally  colourlcas;  such  t'pccimcitsut 
the  moHt  priced  ;  it  is,  bowercr,  met  with  of  various  tinta,  tite  moR 
common  of  vrhieb  are  yellow  and  different  shades  of  brown.  Tb 
mottt  famous  tliamcmd  mines  are  those  of  Ooleonda  and  Bundeli 
cund,  in  India,  of  liorneo,  and  of  the  Brazils.  The  origin  of  tiM 
diamond  \*  entirely  unknown  ;  it  is  not  probable  that  it  haa  beea 
fonned  by  crystal  I  izatiou  after  fusion,  siucc  iutcnsc  heat  reduccl 
the  diamond  U>  the  form  of  (graphite  The  circumMtaiicei  tuida 
which  diamonds  arc  found  in  nature  aflbrd  no  clue  to  the  pnioeM 
of  their  formation.  In  the  year  1837,  a  diamond  wax  found  ink 
bedded  in  a  fine-grained  tjuartzose  roek  [Jlacolnmite)  iu  Brazil,  tml 
with  few  cxccptioUB  the  gem  is  found  scaulily  in  an  alluvia]  matri], 
eouftiiiting  chiefly  of  sandstone  and  rolled  qtiarts  pebhles,  firai 
which  the  diamonds  arc  extracted  by  washing  and  careful  iwi-ting. 

Diamond  is  the  hardest  lx)dy  known,  oystallizcd  borou  ap 
proaching  it  most  nearly  in  this  respect ;  it  is  eut  and  polished  bf 
employing  it*  own  powder  for  the  purpoce.  The  fine  dianxmd  du»t 
used  for  this  object  is  mixed  with  a  Utile  olirc  oil,  and  aprcad  ovM 
revolving  »ted  plate,  and  the  diamond,  cemented  into  a  suitable 
FBujiport,  has  eat:li  of  its  faces  in  turn  presented  to  the  flat  face  oC 
the  disk.*  The  most  important  use  to  which  the  diamond  il 
applied  is  the  cutting  of  sheets  of  glass :  only  the  natural  face  on 
the  crystal  cau  be  employed  for  this  purpose,  crj-slaU  with  cuned 
facet  being  the  best ;  they  are  set  in  a  convenient  handle,  aud  a  liu 
iu  tlie  proper  direction  ia  traced  with  the  diamond  across  the  glaM 


*  Tkn  Koliinoor  diiuaoud.  wtiicli  wiu  cat  in  1851.  for  tli«  Queen,  « 
JBibcdded  ia  a  copper  TeMcl  ol'  slxiut  tlic  sw  of  a  trarup.  into  ubich  it  «. 
MnMDlcd  uilli  a  iuutar«  of  eoual  parts  or  tin  aud  Imil.  WLun  il  waa  neaei 
•st7  to  cliaaf>«i  tli«  position  of  the  gem,  thti  solder  wa«  nicll«d  by  immenn 
the  cap,  with  tlie  dtamoad  imbedded,  in  a  charcoal  lire,  and  iirjitiog  tli«  iB«ti 
till  it  suumoda  oonoiatenno  miCiiibline  that  of  wet  Mind  ;  inordirlocooJtli 
-'iainotad  non  qaicliljr.  it  <tna  plunKr>d  intn  wnrm  water  and  ttum  into  ctA 

orj  tbo  cutting  was  cITectcd  by  ntcatiK  ot  a  cail'iroa  wheel  rrvvlviag  on 


naruKTiE*  ot  the  dumond— ouphitk. 
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:  imMure  tta  each  uAc  o(  tlie  ait  then  dctcrmlDes  the  (ractiirp 
'Hflit  direction.     A  true  cut  is  effected  by  such  a  diitmoiKl 
^y  uud,  wbiUt  a  iliamoiid  witli  onglo*  obtained  by  dearagvj 
^anlj-  n  nuiKriiml  scratch  vitb  ragged  edges  (WollutOD, 
■  •..i«i6). 

!  £«inoiul  bw  a  very  brilliant  lustre  and  u  higb  irfrncting 

i;  il  b  B  oon-coofluctor  of  electricity.      After  e^posture  to 

;  mauy  vpraimtnu*  emit  a  feeble  pliosphorcflcciit  liglit,  wblch 

]\t  ircu  in  a  darkened   room.     In  vessels  from  which  air  i« 

d.  it  may  be  tieittcd   intensely  wilbout  diangc     If  it  be 

i  in  %  oB^  of  (lUtinum  wire,  heated  to  bright  rcdoesB,  aud 

I  into  osjgtMi  gM,  it  will  barn  with  a  »tcady  red  light,  and 

Ibt  frrvtluctton  of  puro  carbonic  acid.     Tlie  diamood,  lioir- 

k  il  Dot  perfectly   pure   carbon  :  it   always  leave*  a  minute 

uli,  Khich  has  been  found  to  contain  silica  and  oxide 

Tliu  ash  lias  generally  the  Ji^rro  of  a  cellular  netirork, 

mj  perl»|M,  at  wmo  future  titne,  oasist  io  dctennioiug  tlie 

[this  nliinhir  grm.     No  heat  hiihcrtit  applied  suffices  for 

I  or  roUtilix^tion  of  the  diamond,  or  indeed  of  carlxm  io 

\Qt  iti  fatms,  though  io  tlie  int«nae  hcnt  of  tlic  voltaic  arc,  it 

bi  be  mechanically  transported  from  one  electrode  to  the 

'  I301).     When  the  diamuud  i*  introduced  into  the  flame  of 

an)  it  nndergoe*  a  remarkable  change ;  M  aoon  us  it 

i«hite  hot  it   begins   to  swell   up,  lows  its  transpcfeocy, 

•oqoiris   the  power  of  eonduetiiij;  electricity,   becomes 

Uy  lighter,  and  ia  converted   into   a  black  opaque  maso, 

cake.     The  deoHity  of  a   diamond   thu;i  altered,  was 

kilu  iji  iUi  crTHtuUinL^  eonditiaii  it  was  3*336  (Jacquelain, 

Ot'ume,  III.  XX.  467).     llio   beat  of  the  otyhydrogcn 

to  be  insuiBcicnt  tu  produce  this  change. 

Gnqtldte,  or  Vlitmhago,  {Cg,  Sfi.  Gr.  from  i-^S  **>  ^'tjl 

llirai  in  whicb  oarbun  occurs  native.    Its  most  celebrated 

luai.  '        ■■  rrowdide,  in  Oumlierbind.  but  it  is  nlw  found 

,  an^i  '  ral  parts  of  the    United    States,  always  in 

i;;i»IC  to  tllc  earliest  formation  :  the  Borrowdale  graphite 

Ixlay  -  slate ;  in  other  localities  it  is  imbedded  in  gneisa^^ 

,»r  gruuuiar  Unictlonc.     Graphite  oceurit  either  msssiv 

ci^staUioe  plates   belonging  to  the  rhombohednd 


I  Uit4!>  lut  noo  i'\mK*  p^r  miaute;  the  dbnond  rMlcd  upon  the  upp«r 

po«ili<TU  by  a  kind  cfute.  and  lb«  proHruro 
.ml  ordimiuUli^  by  aJ<llDg0Tr«m9ri»g 
iiii  il^t'  ^Ht'U  of  llto iltniiMnd  was  tovchod  with  ahsir 
rduuiiaad  dast  aoJ  mI. 
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system.  C«rboii,  in  the  tiro  forinH  of  diamond  and  plumbago, 
aa  excellent  instance  of  dimorphUtn ;  (he  properties  which  it  displa; 
in  these  tvo  BlittM  are  m  widely  different  an  tbo!>«  of  any  two. 
aimilAT  elements.  Grapliitc  lias  a  mctollie,  leaden-grey  li 
vbcncc  its  fiimiliar  name  of  black-kad.  It  is  very  fritUdc, 
Oonseqtiently  fecia  unotuooa  to  the  touch,  and  leaves  traces  on 
npoQ  vUich  it  is  rubbed.  The  particles  of  nbicb  it  is  com< 
ure,  hovrever,  extremely  hard,  and  they  rajiidly  wear  out  the 
employed  to  cut  it.  It  appears  to  exist  iu  two  distinct  m 
tioDS,  one  of  which,  like  the  Ilorrowdale  j^rajihite,  in  fine-| 
and  amorphous;  the  other,  like  the  Ceylon  variety,  is  com 
small  flat  iilute:*,  united  by  u  cementing  ni:it<Tial ;  lhi«  foi 
graphite  generally  occurs  in  a  matrix  of  quarta  (Brodie).  G 
is  au  excellent  conductor  of  electricity.  It  is  never  met  with] 
state  free  from  foreign  admixture  r  when  burned  in  oxygen  it  l 
irom  3  to  5  per  cent,  of  a«h,  which  generally  contains  quartt, 
oxides  of  manganese  and  iron ;  these  bodies,  however,  ar«  mi 
accidental  impurities.  Tlic  (ine-grained  amor|)lious  graphite  is 
pri/,ed  for  the  manufacture  of  '  lead  j^nciis' :  where  pieces  of 
cient  size  can  he  ohtaiucd  tbey  arc  sawed  into  thin  slices,  and 
iBgun  into  email  rectangular  prismx,  which  nru  placed  iu  cedar  woo 
}tor  use.  It  haa  been  found  that  the  Bmallcst  fragments,  if  of  gofl 
quality,  and  the  fine  powder  (wbicb  vus  formerly  consolidated 
melting  it  with  a  minute  quantity  of  sulphur,  and  was  used  fi 
the  coarser  kiuds  of  pencils)  may  be  again  reduced  into  cohera 
plates  by  subjecting  it  to  enormous  pres&ure,  and  may  thus 
fitted  for  the  manufacture  of  the  best  pencils.  Black-kad 
extensively  uwA  for  lubricating  machinery,  and  as  it  i^  quite 
altered  by  exposure  to  the  weather,  it  forms  a  useful  coating 
protect  eoar«e  iron  work  from  rust.  An  application  of  graphit 
vrhich  is  of  some  importance  to  the  chemist,  ia  its  use  in  tli 
mannfncturc  of  what  arc  termed  black-lead  cmeiblcs,  or  blue-pots 
tJie  clay  used  in  making  tbem  is  mixed  with  a  eoarse  kind  ( 
graphite  j  the  pots  made  from  this  mixture  arc  much  less  likd 
to  crack  when  heated  than  if  made  of  fire-clay  only. 

Brodie  (Ann.  de  Chhiiii;  III.  xlv.  351)  tiaa  described  a  metho 
of  obtaining  graphite  in  a  state  of  piu'ity,  and  in  a  rery  Gnel 
divided  form.  It  consists  in  mixing  coarsely-powdered  grapliit 
with  a  fourteenth  of  its  ncigbt  of  chlorate  of  potash ;  the  mixtur 
is  introduced  into  an  iron  pot,  and  diffused  through  a  quantity  1] 
concentrated  sulphuric  acid,  equal  to  twice  the  weight  of  the  grapbit 
employed.  The  mixttire  is  heated  over  a  steam  batb  so  long  as  ao 
peroxide  of  chlorine  is  disengaged:    it  is  iheu  allowed  to  coo 
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ito  wau-r,  and  wuknl  ihorouglily.     If  graphite  whicli  has 
gcetd  tt>  tiiU  trotment  tuid  dried,  be  heated  to  reduc^M,  it 
aft  f^i,  incieaMM  grratly  in  liul  k,  and  bcoomcs  reduced  to  an 
It)   caeca    iu  which   the  gnpbitc  was 
!>ica,  this  impurity  may  be  gut  hd  of  by 
I  iuaII  qu&Dtity  of  Huoride  of  sodium  to  tlic  mixtorc  of 
■S  rldoratc  of  potsKh  ami  sulphuric  icid;  the  silica  is 
1  iu  il)C  form  of  fluoride  of  atticou  (6iy)- 
It  appears   tliat   during   this  prooeas  the  gmphJtc  beootaea 
il  :    iliat  ft  new  ooro]>OuiM)  of  carbon,  bydrog«n,  and 

>1,  which  futcrs  into  oombiuatioD  with  the  sulphuric 
I,*  anil  tbiH  com|wuud  »  decomposed  by  igmtion. 

I|[nphlti«  niodifinttion  of  caHwa  may  he  obtained  artificially 
proocsM-a.     \Vlii.<n  cast  iron  is  melted  iu  oontiict  uith 
■•  of  dtnmxil,  it  takes  up  a  considerable  quantity  of  it,  and 
'  iron  bi>  allowed  to  cool  alowly,  tlie  carbon  cryatidlizca  out  in 
[«t-(idt-il   platen  peculiar  to  graphite.     la  the  maoufocturc  of 
I,  thoec  (lorta  of  the  retort  which  arc  exposed  to  the  highest 
tore,  partially  deoompoae  tlio  gas  as  it  escapes ;  a  pairt  of 


:  luliitanco  mny  be  obtained  in  a  stat«  of  nuritjr  lij  tlio  fol- 

,    /  ,1....  .Sicr..  xii.  i6i>: — M ii  inlimatvlj  1  part  of  lim>ly 

-'  itll  tlirvi!  i>url3  of  clLti>nk(o  of  potuak,  and  add 

...i.-iL- ndd to  rt-ii(lfr  the  iiiixturo  lluid i  Bftcrwliich 

iir  lia^i  to  the  beat  or  i^o^^on  n  wntor  balli.    Tbe 

.;lil  kbriilgcf  tho  tiino  rcquirrd.    Tbc  rrndup  must  bo 

i  aaUr  Irpulyi  dried,  and  mbjcctcil  four  or  fire  tiaiM  to  tlio  sama 

u  Ibid  compound  ii  (eraed  br  Bradi«,  rorms 
.'  i&iolable  ia  «'al«r  aud  iu  acitu.    Il  u  slowly 
•■  -otasb.  tbo  smiBoiiia  fsradnally  combiain^  witli  it, 
<.«^i«ibloofdr«>iDporitMB  by  acids,  irliicfa  ooea- 
'  lUDOiMsia**. 
c  i<)nlcmp«ratureoriietvcca.<;oo°and  Aoo", 

ODi]i  ^'ii^Li  «  ,1^  iilmoat  fiplo*tT«  Tiolenoe.  with  eroluiiou  of 
ItitriasalftfiiH.  sad  proiluciiiz  aa  noeodingly  bulky,  tlocculent, 

!'-''■' nliicb  »till  ri-laias  uotb  carbon  and  bjdrogt-ii.    If.  in 

(It  D|>plU)il,  tbo  Erapbie  and  b«  plac«d  in  nanllla  oil, 

kfrtt'luallj  raiaralo  ^,10°,  th«  hydrocarbon  oeeotnea  of 

lie  acid  {i*ea  off  water  atid  earbonio  aoid.  tearinc  a 

\f  iii-i-aranw,  coatiHtiu);  of  C„H,0, ;  if  lbi«  ni-w  body 

i  Mp!i«r«or  iiilrot;i-Q.  nattT  uiid  csrbonio  oiidft 

[uiniDg  CjjU.fLi^.    Hvon  if  beatod  to  reJnMS  in 

:  >iu»orozj'gcQaad  hydrogen,  giriag  off  water,  carlKxiio 

'  'icao  cORipovbdi  llic  f[raphit« retains  its ollotropiu 

11,  and  llut  it  poHi-nen  in  tbis  form  aooeabiuing 

•1  Or.  If  till*  bOKf,  srnpiiioatid  C_H,0,,  migbt 

tbe  lint  retiidiie  t'„H,0,  aa  Gr.UjO,.  aiid  the 

'r_^ii,0„;  IImw  (;rai>hii:  ootiipoutida  beiiiK  rDeardtd 

to  the  oxides  of  siii<.-<:'a  disMmired  by  Wuhlet  and 


fit 


PIT  COIL. — coNSCiirrioN  or  smoke. 


tlic  curhon   wliich  it  lidd  in  coinbttialioii  ix  deposited,  and 
tlc^greca  a  layer  of  very  pure  dense  carbon  is  fonucd,  [lOsscsMd  i 
R  lustre  resembling  that  of  a  m«tnl.     The  density  and  ap|)caraiic 
of  this  mass  vary  according  to  the  temperature,  and  the  gaMoa(| 
pressure  Iw  which  it  lias  Iteen  mibjcctcd. 

Pit  coal  is  a  substance  originally  of  vegetable  origin,  wbidi  I 
DC  altered  in  a[))>eurancc  and  composition  by  the  combJi 
tioii  of  beat  and  moisture  under  ^reat  pressure.    The  oomjKmlia 
of  coa]  varies  conRidcmbly  uccurding  to  the  cxlcut  to  vhicb  the 
doconipo!>ing  actions  have  advanced :  the  different  varieties  of  i 
will  be  noticed  hereafter  (95 1),  but  in  nil  cases  it  consists,  like ' 
tabic  matter  iu  general,  of  carbon,  hydrogeu,  and  oxygen,  withal 
small  proportion  of  nitrogen  ;  and  in  addition.  It  contains  a  variable] 
quantity  of  Kaliue  and  eaitliy  snbHtanccs,  nbich  always  exist  in  tlid] 
juicea  of  plants,  besides  a  variable  amount  of  iron  pyrites  or  bisnl- 
|>hidc  of  iron.     These  tialine  mattcrH  arc  left,  irbcn  the  coal  i>l 
burnt  in  an  open  iire-placc,  and  constitute  the  ashes;  whilst  tfael 
carbon  and  liydrogen  are  entirely  convcrtci)  into  carbonic  ocid  anil| 
later,  ifan  adequate  supply  of  oxygen  from  the  air  be  fnrniabed;  balj 
tbc  burning  of  coal,  even  in  an  open  fire,  in  never  complete,  so  tt 
it  gives  off  a  quantity  of  gaseous  and  tarry  matters,  holding  tiucif 
diridcd  carbon  or  soot   in  nuspension.*     ^^^le^  the  coal  is  best 
in  long  doE'cd  iron  cylinders,  so  constructed  as  to  exclude  atmo 
spheric  air,  but  to  allow  fiec  escape  for  volatile  mattcra, 

*  Ctmmmptian  ^  Smoltt. — Whvn  a  quantity  of  fVesh  real  is  itiroirB 
shot  fire.  tii«  cosf  immedialcl;  bp^n«  to  imdcrizo  dpiHirnponitkini  rsn'o 
coiupouniis  of  cnrbon  with  hydrogeti  ni-ine  nbiindnntly  cxtrirnlod  in  th»  Cm 
of  KS*  orTufour :  n  portion  of  tbsse  iminrdiatclj-  tnhra  live  nnd  biima  witkl 
bright,  liimmuua   Itnmt-.  but  a  Isrso  proportion  of  tlicsc  li^'drocurlmiK, 
ootnini;  into  contact  n  ith  the  k'o"  '"ij  cubi-ri,  id  furtiicr  muro  or  Im«  oaa\ 
plirtelj  decani ))o»(-d,  tli«  enrlioii  uiiil  ljtdrot;i^ti  (.■xpprifut'iDj'  a  «t>)>iirslian 
eaobothrr:  (liu  liyilrogcii.  wliioli  \%i\ie  iiioitt  uoui  Wtibl«  «)cnivuU  b 
burned,  or.  if  ihe  nippiy  .iroxygeii  Ih>  iinidtquatA.  it  eiuop*  off  in  ibet, 
twia,  nhiidl  the  rnrbon. OHini;  tn tlirminut*  *tat« ofsubdirisim  ofits par- 
is  carried  up  tliiidiimni'y  luiipeiidcd  in  tlionurront  or  heated  t[au«.  BypB 
care,  the  volume  of  black  amoke  ordiunrily  poured  forlh  froui  tiic  chilni 
of  our  liomm  and  faclories,  may.  honi'vi-r.  be  prevailed,  mid  Ibe  nniioya 
dur  to  tlii*  coutniuinatioii  of  ibe  atmurphcTv  in  uur  lur^e  towns  to  a  jn 
rxtrnt  obviated  ;  whiltl  S  coDsidoraUi-  ssviu^  uf  fuel  may  at  ihosaOM  timel 
oflectdd. 

Ill*  principles  involved  tn  the  prrvRMion  of  smoke  «i»~i»t,  th»  inipDily  a 
flielin  small  qiisiilityst  a  time.  t«kii>Kcarc  tOtnnintBina*tron|[.  oteady  mbT 
order  that  tlir  t,'naco  may  be  buriied  lu  fnit  n*  they  orv  generated  ;   ODil,  MB 
the  supply  of  nn  odi-qnatc  i]iiantily  of  atnionpticrie  air.     The  latt«r  conditio 
H  Dot  *o  puily  ui'c'otii))lii<licd  in  tbc  ruraucenof  ibc  itiHUuriii.'lurcr  a*  miKht 
aappoiird,     Tltv  reflated  iiu]'|ilj|  of  fuel  in  Muall  quantities  may  olrriouslj 
Cinnn-d  by  due  I'an-  on  tli*  jisirl  of  tlie  iiwkcr,  luil  lI  requires  more  UImot 
■ttonliuu  (ban  is  usually  bcaloned  by  bim.     Vsrioap  contrivsnoes  hava  ' 
from  [iine  to  time  proposi^d  Tor  rUVctint;  tl)o  prormtion  of  smak«,  ooo 
pif  ihe«e  havint;  for  their  object  the  regular  supply  of  fu«l  bj 
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'"'    rnsffotui  tiilivUi»ei,  contamiug  tlir  osj'gen,  bydrogvti, 

.        witti  B  pert  of  tlie  carhoii  of  the  coal,  passes  off 

ji4t,  whilo  ttifl  gnattiir  proportion  of  the  «rl>on  remains  tichiotl, 

Hr-' ri_-»  roki^,  wtiicb  is  the  ouljr  oaa  of  tJic   pruducto  that 

Hi  lI  Bt  prcvr-nt.    Coke  ia,  chcoiioulljr,  thu  xume  >ubttaoeo 

.  M  <•  [vopcMMl  by  Jutrkca's  apinntua,  tlic  oMciitiiil  poiuu  of  wbUJi  w 
>  la  ivttion  in  il^.  ifii. 

Fin   if>7. 


iliUT,  II  a.  in  I  Hn  of  riiJIcH  (-bam*,  u IikL  sre 

it..->!v  r<ir»:i  ,1  "WIihI  iiritli  tli«  Uiullie'l  wli«e)». 

L.»  bn(  *ciT  Kni<)"<ii  'ipr'j  *'f  "^"o'  '•  fiiniif.b«(i  f[«n  iIm' 
I L  of  tlip  fuciiAtv,  Hud  iLi'  uinuunt  of  cuiil   lliua  adniitl<>d  in 
■luu  ur  ioirenn)(  the  JiMr  i>.    Tlii«  apiMirntua  ndfik  ils  ubjcct 
nr  nnti  I'-nr  f^f  ihi-  tire-linra  i»  oatmacnhle. 

iriu  KHilrivnucv*,  ifai-  okjcvt  i«  to  buRi  did 
i'ltf.  bi  sopplyuij^niratBhii^lilt'iniKrulurv 
ut  i^ct  w  Uiujr  ('•<:U]>o  Iroia  thu  firo-plocc   Ki(i;.  363  raprctrau  in 

ruub- 


''■f  ''riiiitr.  r.  of  ihn  Grc-RTntP;  tin-  :: 
iJiir  Imni.iinJ.iriliciiiuntil)  i<:  . 

, I'OtDtituliofi  o(  the  unlninied  aa. 

ijfc,  nvre  air  oaa  b«  Micpli«d  trva  Mow  by  raw 
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as  the  graphite  deposited  from  tltc  gw,  1)tit  in  •  len  pure  fix 
owing  to  tlic  earthy  mnttere  which  arc  mixed  with  it.  As  •  f 
coke  is  often  to  be  preferred  to  cool,  kinoc  it  bums  witbotit  einitti 
any  Tisible  »mokc ;  it  haa  also  tfao  advanto^  of  not  snclline 
caking  leather  w)icn  hcatod,  and  thtia  tlus  daogrr  of  c1>okiDg  < 
drauglit  is  arotdcd.  Tbe  higher  the  temperatiire  to  which  eoki 
exposed  duiin^  iu  mnnnfncture,  the  more  dense  doe*  it  boco 
and  the  better  is  it  fitted  for  luroduciug  a  steady  and  intense  h 
wheii  burned  aa  fuel ;  though  un1e»s  the  supply  of  air  be  tobn 
abundant,  it  burns  less  freely  in  this  dense  condition  than  w 
less  compact.  In  order  to  funiisli  a  coke  suited  for  tlie  nfl 
loconiotiTc  engine*,  it  is  cuEtomary  to  eonstmct  coke  OTtiis,  tI 
arc  usually  built  of  brick,  and  lined  witli  fire-bricke,  the  « 
being  front  3  to  3  feet  in  thiekncm,  to  eeonomtxe  heat:  nd 
object  is  further  effeeted  by  building  aeveanl  ovens  together  in 
continuous  x''*'<^  ^^  tDflsoniy.  One  of  these  Ofcun,  12  fMt 
interna]  diameter  and  4  feet  in  height,  will  coatrcrt  3I  tml 
coal  into  eokc  in  forty-eight  houre.  The  oven  has  a  sliding  6 
in  front,  for  the  puq>0Ke  of  introducing  and  withdrawing  the  dial 
and  for  rq;ulating  the  admission  of  air,  wliicit  plays  orcr  tho  I 
face  of  the  heap  and  burns  off  the  volatile  matters,  which  escapt 
a  sliort  chimney.  Tlic  combustion  proceeds  grsdually,  from  dl 
downwards :  in  about  forty  hours  aficr  oonunencing  the  opcnd 
the  door  la  completely  closed,  and  the  furnace  left  for  5  or  fi  boil 
at  tbe  end  of  that  time  the  coke  is  withdrawn,  and  quenched  i| 
water.  A  bituminous  oo*3,  like  the  Newcastle  ooial,  furnishes  ia  | 
way  a  very  dense  lustrous  eoke,  which  splits  into  long  coluU 
masses  or  prisms,  n»  the  tcm]>crature  in  tlic  oven  gnuluidly  t 
when  the  door  is  closed.  A  fresh  charge  is  introduced  into  the  0 
whilst  its  walla  still  remain  red  liot.  The  ooke  in  never  .  ••-' 
th»  operation,  and  the  api»C3rances  of  fusion  n  hicli  it  : 
exhibits  arc  due  to  the  liquefaction,  liy  heat,  of  tlie  biiumin 
portions  of  tl»e  coal,  before  they  liave  undergone  carbonizatioo.; 
very  pure  form  of  carbon  in  frequently  ohaerved  in  the  fiaWB 
the  mass,  in  the  form  of  black  fibre*,  cloady  resetnblitig  hoM 
in  a|i)>eAmn«.v  ^| 

Coke  may  aUo  be  prepared,  titougb  with  lew  adranlac^l 
smothered  coiiihuxtifln  of  tho  roal  in  heaps,  in  a  maiinvr^H 


i,.„. 


to  tliat  pmctiacd   in  making  charcoal.     Colio  is  siii' 
raristton  in  appearance  and  bulk,  this  variation  dc| 
kind  of  roal    employed   in    prwineing  it:  it  b,  Iwwerer, 
,mDru  bulky  than  tlie  r«al  iliat  yield*  it 

(30a)  Chareoatj  Amorphotu  CarboH  (Cy).— Carbon 
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■Mfora,  distinct  from  that  of  grnptiite,  and  in  this  sintc  it 
Ppkouft,  or  ciltirclj^  drKLitilUi  of  crvslalline  structure.  Lamp. 
liitTkricty  of  thift  kind  ofclmnxwl;  ittt  Inrgcljr  manufactured 
ktttiajf,  in  oil  iron  pot,  Ti-gctultlo  HMttcrs  rich  in  carbon,  Kucb 
niu  or  tnr;  tite  vii|ioim  tlius  (liMngagnl  nrc  kindled,  and 
pi  ia  D  current  of  air  insuflicicut  for  their  complete  combus- 
Uhc  hydrogen  wliicfi  these  bodies  contain,  being  the  nioro  in> 
Hk  iagrodicDt,  bnnin  olT  Rnt,  leaving  the  carbou  in  tlic 
nirf  1  icrj-  Guely-diviiled  powder,  »uch  as  that  nhicli  eonsti. 
!<•  tit  risible  portion  of  smoke.  The  smoky  products  of  this 
licrfttf  fi}iiibtiilion  itre  made  to  p«3«  through  a  large  chamber, 
bnlliitf  irhiob  ore  covered  with  coanc  cloth,  and  here  the  larop- 
i'\ :,  rT...,..%».l  Iiampblnek  always  retains  a  [portion  of  some 
'  d  eumpaunds  of  carbon  and  hydrogon.  'nie 
|ui  ii.<tm  )»  which  finely  dirided  carbon  can  be  obtained  for 
taot  poqKMCs  is  rurnishcd  by  passing  the  raponr  of  oil  of 
RBtiiic  or  of  ftlicr  slowly  through  tubes  maintained  at  a  red 
t  <  r  of  cliareoal  is  deposited  within  them ;  but  this,  i 

I      - ..    , heated  intensely  in  closed  vessels,  alirays  retains  ' 

p  of  bydrngen. 

■MBit  another  viriety  of  carbon  in  the  amorphous  or  nn* 
Hn  form ;  but  the  most  important  variety  i«  H'ood  Char- 
IvMi  is  lately  manufactiircd  by  heating  billeU  of  wood  to  didl 
Bs  in  csst'iron  cylinders,  set  in  the  fumiice  eitlicr  vertically 
pbonlally,  aoil  provided  with  a  tij^titly  fitting  lid  at  one  end, 
Ikit  )tlan  consieta  in  enclosing  the  vood  to  be  charred  in  a 
H  lighter  nue,  which  can  he  easily  introduced  into  and  with- 
n  fran  the  fisnl  cylindrr,  which  is  set  in  masonry,  and  pro- 
y  ha  tha  dlreet  action  of  the  (lamo  by  a  casing  of  fire-brick. 
B Ait  kind  of  iron  retort  proceeds  a  tnlx;  connected  with  a  con> 
H  Ifparatns,  where  the  liquid  products  of  the  decomposi- 
■it  br  urested,  whilst  the  tinoondcnsiblc  gases  pass  on,  and  are 
Mjuto  tbd  (ire-)dAoe,  where  they  are  ooommcd.  After  the 
^Bpcn  continued  for  four  or  live  hours,  the  cud  of  the  outer 
^M  remofvd,  tlie  inner  case  with  its  charge  is  witlidrnwn, 
^^■jjir.  '  '  '  hlill  red  hot,  plunged  into  an  cKtingnishcr  or 
^^^Bv^  :i  a  tightly  filtiug'  lid,  which  protects  it  from 

^VoF  the  atr ;  m  this  condition  it  is  left  to  cool  gradually. 
^^k||0t  arraogcmcnt  for  this  purpose  is  shown  in  fig.  264, 
^^^H  in  section  and  in  plan  tho  method  adopted  by 
^Kmlla  for  oeonumizing  the  n-nstc  heat  from  the  coke 
^HtaBted  at  X.  Kach  of  the  carbotii^ng  chambers,  a,  a, 
^^n*luwil-irau  cases,  whi^j  can  he  separately  raised  or 
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hijrigniwil,  ii  in  *till  more  cIoscIt  rovpmi  up  from  the  air, 

ttncn   Kpilating  tUc  arliiiinMoii  of  uir  ss  circunis(aii««8 

it  i»  tbea  ulloinid  to  bum  oat     Wlicn  quite  cold,  the 

I  mplojed  to  stifle  the  corabiutioii  in  rcmoTn),  and  ibe  dinr- 

|i«  fit  for  ttic    The  combustioD  of  one  part  of  the  wood  is  thus 

njn)  as  «  source  of  heat  for  charring  the  rest.     Charcoal  pn?- 

tn  this  mauiiPr  i»,  for  the  porpoeee  irf  fuel,  preft^ruble  to  ihnt 

t  in  cylinders :  it  is  denser  and  ia  more  cooiplctcly  deprived  of 

Ji,'  nukttcm,  bcoiusc  the  host  to  vhicb  it  id  expoied  ia  mucfa 

intm«p,  and  u  coiitiDued  far  n  much  lon^rr  period.     If  the 

rlrr  of  the  heap  be  30  feet  or  more,  the  opcraiioo  is  not  oom* 

I  in  ]«•■  tluD  a  mouth.     A  slow  combmition  i»  found  to  yield 

t  Hiarooal  tlian  one  wbicb  is  rapidly  effected.     The  resulting 

nrlaiiis  tbn   form   of  the  wcxxl,  but  it  in  much  rednccd 

eniiy  tun  nmouuting  to  more  than  Direc- fourths  of  the 

'  w<K>tl,  and  never  exceeding  otie-fourth  of  ita  weight. 

rieiire  nbuws  it  to  be  much  more  economical  to  employ  dry 

I  io  Ihi-  pn:] lit ni Linn  of  chorniiol  thnu  wood  in  Its  grecu  eon* 

|L     Kantlen   louiid  that   100  parts  of  recently  felled  wood, 

l«t  312°,  lo«t  57  [Mirta;  by  ntisin^  the  tenipcmture  tojoi^thc 

\Vfna  the  oripnal  weight  amounted  to  not  less  than  67  parta; 

'  •Jw  ii  l«irt»  of  dry  residue  when  thamed  left  15  part*  of  char* 

I :  bat  100  parts  d*  the  same  wood,  if  charred  without  any  pre- 

left  only  [4  jwirlit  of  charcoal.     Tliis  rem&rkablc 

t- jJi^Jiicc  depends  u|»n  the  decomposing  action  of  char- 

Isl  a  hi{tb  u-mperatnre  ujwuwatcr,  in  consequence  of  which  much 
pc  rarbon  e»cai>r8  in  the  pasoous  state  in  the  form  of  carbonic 
ir,  whiUt  the  hydrogen  of  Iht-  water  ulno  )>»»»»  olT  \ia  gas. 
[Tito  ntijoct  of  preparing  obarco&l  aa  a  fuel  is  to  get  rid  of  mois- 
■  ud  \cilatilp  tnaltcTfi,  which,  at  the  moment  of  their  formation, 
bl);  reduce  tlio  temperature  of  the  burning  mass,  owing  to  the 
p^mity  of  heat  which  Uiey  carry  off  in  the  latent  state, 
■nasi  also  contains  in  the  same  bulk  a  larger  amount  of  carbon 
b  IImi  wood  which  fnrni<>hL-d  it,  aiid  by  Mipplying  a  more  com- 
|(  EkI  oooccutratcs  into  a  smaller  space  the  beat  which  it  omits, 
Hidoii  which,  in  meiallurgiral  0|H-nitious  demandiug  a  high 
Hw>irc,  is  often  of  the  greatest  importance, 
ria  tlie  ooooomy  of  material  to  l)c  uaed  ait  a  combuhtible,  it  is 
■■Arictit  tu  ciiii>>ider  simply  tlie  abwiule  amount  of  heat 
^K  ip^en  weight  of  the  fui'l  emits  whilst  burning.  The 
MaK  |a>wrr  of  ■  solid  mass  of  fuel  is  much  higher  than  that  of 
^■t  '  ixtiblo,  but  the  tcmptrature  of  flame  la  very  high. 

^ftt>  II  ti4  with  dame  is  dicreforc  neccsnty  where  it  ia 
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Beetlfiil  to  coranmricatc  an  ck'vntwl  tcmpcratUFc  to  objivts 
n  distance  fmm  tho  fire-grate,  or  to  raise  lETge  masses  to  a 
unirorm  tempcrftturc.  Wood  aD<l  bilucninous  cottls  «rc,  oooie' 
qucntly,  [larticularly  useful  iii  the  glass  funia<:e  and  in  the  porce- 
lain kiln,  whilst  in  heating  lioik-re,  ami  objvcts  in  whicli  <)irMt 
radiation  can  act  vitli  its  full  effect,  coke,  anthracite,  asd  coe) 
nliiclk  burnK  with  but  little  flame,  nrc  i-spcdallir'  valuable.  In  M 
onliuary  o^ien  fire,  these  llanicleax  I'liela  are  alio  the  moat  a&eful,  aa 
the  heat  is  throwa  off  by  them  into  tlio  room  most  completely, 
instead  of  being  carried  up  the  chimney  irith  the  gaseous 
products. 

Charcoal  never  conNst*  solely  of  pure  carl)on.  According  to 
the  experiments  of  Violettc,  ico  parts  of  black  alder  {Bouriiiiiiu) 
wood,  charred  at  the  following  temperatures,  gave  amouuta  of  cliar> 
«oaI  progressirely  diminishing ;  but  the  pcr-ccntagc  of  carbon  m 
the  residual  clkarcoal  was  found  to  increase,  aa  shown  in  tlie  table ;— 


Tempsraturc  of 
chftrriDf!.  P°. 

rer-cenliiso  of 
L'haTi'UHl. 

Por-ccntnge  of  e*riK^ 
in  cluuvonl.     V 

480° 

570° 

750° 
2730* 

50 

33 

30 

1.5 

'   1 

80             ■ 
96             1 

A  peculiar  kind  of  charcoal,  but  imperfectly  burned,  and  of  a 
rcddiah-browD  colour,  termed  by  the  French  chorion  rour,  is  ooca- 
Bionaliy  prepared  for  the  manufacture  of  the  gunpowder  u.sed  for 
sporting  purposes.  Powder  made  with  this  charcoal  absorbs  mob- 
lure  more  rniiidly  than  ordiunry  gunpowder.  Charbon  nmx  is  pro- 
cured by  forcing  steam,  under  a  pressure  of  about  two  atmoaphcrea, 
through  a  coil  of  heated  pipe,  mid  directing  this  superhentnl  steam, 
at  about  540^,  into  the  iron  cylinder  containing  the  wood ;  in  a 
few  hours  the  chiirring  of  the  wood  is  eiTeetcd.  The  following  h 
stated  by  Itegnaidt  to  be  ita  average  composition  in  ico  parta : — 

Carbon        ....  7I"44 
Hydrogen  .  .  .    4'8j 

Oxygen  and  Nitrogen    .  .  23*91 

AsJi  .....    o'Sa 

Animal  Charcoal,  or  ivory  black,  is  prepared  by  bc:)ting  bonc«  in 
cylinders  in  a  manner  similar  to  tliiit  empluyed  for  wood  charooal. 

{301)  Gtneral  Properties  0/ Carbon. — Carbon  in  all  the  fomu 
a1)0ve  mentioned  is  clicniieally  the  same.  At  atmospheric  tcnipcra- 
turea  it  ia  one  of  those  subaLanccs  in   which  chemical  ufGiiity 


POWKB  OP  CBAitCOAL  TO  VKOllOTK  OUUAIION.  71 

_.(.:v!..  I  .  r,(.jiyjiy.  conscqueotl^  a  superficial  charring  is  fro. 
li  to  to  protect  wood  from  decay,  as  la  Ihc  case  of 
'■I  are  driv«o  into  mud  or  into  the  bods  of  rivers,  to  serve 
u  luuiiiiiitioas.  For  the  same  reason  it  ts  a  coramoa  practice  to 
dur  the  interior  of  tuh»  uud  casks  destined  to  hold  li<iuids. 
lampblack  iiimishcs  tbc  most  indestructible  of  black  pigment*, 
■nd  ha»  long  been  eniplojed  on  this  account  ut  the  basis  of  print- 
ing ink.  The  diamond  is  a  nou-coaductor  of  electricity ;  in  its 
other  {orm»  carbon  in  an  excellent  conductor,  ranking  next  to  the 
metals  lu  this  respect,  la  a  state  of  tine  suhdiviuon  it  is  a  bad 
eoaductor  of  heat,  but  itK  conducting  power  increases  with  its 
deasity.  1-Huely  divided  charcoal  is  usually  stated  to  have  strong 
flttiMiptic  powers  It  certniuly  ha4  a  rcniarkablo  action  upon 
patteadblc  substances ;  but  Stenbousc  has  shown  that  this  action 
ron^irts  in  a  rapid  process  of  oxidation  dependent  upun  the  power 
vhich  charcoal,  wlien  in  a  finely  divided  state,  possesses  of  con- 
^fMng  oxygen.  Animal  matter  in  an  advanced  state  of  pntro- 
lielioti  loses  all  offensive  efHuvia  when  covered  with  a  layer  of 
cbireoid  ;  it  continues  to  demy,  but  without  emitting  any  odour, 
till  at  length  all  the  carbon  is  dissipated  as  carbonic  ncid,  the 
kydiogco  as  water,  and  the  nitrogen  remains  as  nitric  acid.  The 
wmarkable  power  possessed  by  charcoal  of  absorbing  various 
bodies,  paiticularly  colouring  matters  and  many  Inttcr  principles, 
when  iu  a  finely  divided  state  (55),  as  well  as  it<t  pro[ierty  of  coo- 
^"'f'ttE  a  large  proportion  of  gaseous  matters  within  its  porc«  (^2), 
kas  been  already  mentioned.  So  rapid  is  this  action,  that  Sten- 
boiuo  bu  proposed  to  use  a  respirator  filkid  with  charcoal,  to  pro- 
tect the  mouth  and  nostrils  in  an  inflected  atmosphere;  and  the 
BDploytncnt  of  trays  of  powdered  wood  charcoal  in  dissecting- 
moms,  in  the  wardnofhospitab,  and  iu  Kituations  where  putrescent 
animal  matter  is  present,  is  found  to  exert  a  most  bcmriciiil  intlu- 
(oec  in  aweeteiiitig  the  atmosphere  by  absorbing  and  deeom))osing 
the  oOhisivc  teases.  Thc«e  proj)crlies  render  cbarconl  a  valuable 
material  in  the  construction  of  filters,  not  only  for  decolorizing 
{■nrpoMS,  but  also  for  assisting  iu  purifying  w  at«r  for  domestic  use. 
Carbon  i«  u»uaJly  regarded  as  infusible  and  not  volatile ;  but 
m  the  coarse  of  some  experiments  with  a  voltaic  battery  of  intense 
eaerfj,  consisting  of  600  oellsof  BuiiM'n's  construction,  connected 
H  as  to  form  a  battery  of  100  pairs  of  6  cells  each,  Oespretx  found 
!■  operating  upon  carbon  points  in  an  exhausted  receiver,  that  the 
vessel  became  tilted  with  a  dark  cloud,  which  was  deposited  upon 
the  ndfa  of  the  glass  as  a  black  crystalline  powder ;  and  by  cxr 
paang  charcoal  obtained  from  pure  sugar,  or  from  essence  of  tur- 
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ptnitino,  tn  tlve  action  of  Uie  hnttcrr  in  a  small  cmi'ihW  of  pitrc  I 
coal  onnnccn-d  wUli  thi-  positive  cloctrottti,  tltL-irhotcuf  llir  cbi 
puwdcr  became  ctitneutcd  into  a  colicretit  mnas  nliicli  d[ 
have  been  fiucd,  uikI  which  exhibited  the  proporlice  of  gra|)bi{ 

At  high   temperature!)  car1>on  coinbiiMs  rapidlv  with 
Villi  will  remove  it  from  a  great  number  of  itH  compoutidk, 
ciolly  from  tlic  oxides  of  tlie  inetal» ;  hence  Die  various  for 
earhon   are  verj'  cxtmsireltr  employed  iu  the  reduction 
siibctAnccH  to  the  metallic  condition.     Tho  tlvoiltliiiit)^   pou 
carbon  is  sometime*  exerted  at  the  ordinary  temperatuiv 
air.     Sehiitibciti  found   that  the  Mdta  of  tlte  toMiuioxide 
may  he  reduced  to  the  condition  of  protosults,  by  umpl)'  a^i 
their  solutionn  with  charcoal  ponder,  and  the  !ialt«  of  the  red j 
of  mercury  are  couvcrlcd  into  ihoM;  of  the  suboxide. 

Sulphur  is  the  oidy  nou-inettdlic  element  Ixnide*  oxygrul 
which  carbon  can  hi;  mndc  to  unite  directly,  and  a  high 
tiire  is  required  in  thtA  caae  also  to  eflc«t  Uie  combination 
(^hareoal  dceompoi^es  ntcam  at  a  red  heat ;  hydr<>f>eu  is  til 
and  a  tiiixture  of  carliouic  oxi<le  and  carbonic  iu;id  is  furroc 

The  compounds  of  carbon  vrith  the  mctaU  arc  tenncd 
or  earbidet. 

(302)  Synlfieti*  0/  Carl/oHic  Acid. — Since  a  kuowtedgo  1 
composition  of  cai-l>onic  acid   is  a  fundatoetital  datum 
analyeiit  of  organic  compounds,  the   proportion  in   whieh 
combines  with  carbon  to  produce  carbonic  acid  bait  \nva 
mined  with  the  (>reAte«t  cnre,  by  the  eombustioa  of  weigbrd  I 
tities  of  diamond,  of  (graphite,  and  of  cbarcoul,  iu  a  atmoi 
oxygen.     The  apparatus  employed  for  this   purjiose  ia 
iu  fig.  26$.     1  represents  a  (;as-holder  tilled  tritli  us 

Kis.  365. 
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tlw  niygen  ;  c  «/  U  a  tulie  of  hard  ghsx  tnxeniag  the  »!»«:(- 

runiM-e,  K.     At  £  M  II  itlatiiiiiin   tuy  couiuitiag  tbc  weighed 

of  tlwmoad  or  |i:ni)i)iiU! ;  tlie  froitl  of  tlic  lube  it  a  occu* 

by  a  culumn  of  oxuU?  of  coppur.     Tbe  np|HiraiitB  is  filled  with 

u   liy  o|i«!iiiug  tlie  stojKOck  of  itic  gu*-buldcr,  a,  to  n 

di«t»ucc,  atiil  tliv  fon;-pikrt  of  tbc  tube,  li,  is  brought  to 

'>r  meuut  of  light«d  cluirowU ;  the  Iwat  is  then  appltcil 

,   e,   where   (be   rarltua    lies.     Tbc  carbon  burus  and 

ooovem-al   iiiti)  carbonic  acid,  which  paMcs  on   through 

of  beiUcd  oside  of  roppcr;  r  is  a  weighed  tube,  filled 

do  of  calcium,   tthidi,  if  water  were  prcwnt,  wouhl  be 

tu  incraae  in  weight,  but  in  which  no  depn&it  of  oioi»>ture 

if  the  es|)rnmenl  be  properly  conducted.    Tbu  carbonic 

paMes  on,  and   is  absorbed  by  a  strong  solution  of  potash 

»  dHitoiiii^l  iu  tho  bulljH  of  the  Licliig's  apparatus,  »lu>wn 

The  excess  of  otygcn  absorbs  moisture  as  it  |)iassc»  through 

,  bat  before  it  is  allowed  to  eM:a[»c  into  the  air  it  is 

I  |ierffct)y  dry  hy  causing  it  to  pasa  through  an  additional 

M,  tilted  with  fragnieutft  of  caustic  potash.     The  incrcuKc  in 

acr|uire<l  by  the  tultes  n  and  b  furnishes  the  weight  of  tbe  car- 

add  corrcsjiondii^;  to  the  quantity  of  carbon  consunin!,  and 

ntityof  carbon  burned  is  ascertained  byveigbing  the  platinum 

its  contents  al^r  tlte  cxprriment  bos  terminated.     Ity 

(a  oHiuIueteil  ii^ion  this  principle  it  has  been  determined 

port*  of  carfaou  require  for  eoiivcr>iun  into  carbouic  aeid  ex- 

6  parts  of  o:iygeii  (Dumaa  and  Stos,  Ann.deC/iimie,  III.  i.  j). 

itooil,  f^rapliile,  und  (.hiircoftl,  are  thus  f^howu  to  be  chemi- 

samc  nulotiiuce,  ihougb  the\-  dilfcr  entirely  in  properties; 

Uiree  conditions  being  allotropic  modiKcntions  of  carbon  (84), 

liflrreitces  in  prujiortieN  arising  not  from  differences  in  their 

ttstun:,  but  ill  th<.'ir  tuulecalar  Brraugcmcnt. 

a  pii^ce  of  pure  cariiuii  be  burueil  in  a  jar  of  oxygen  orcr 

y  ■■  ■  |.  tlic  combuHtion  is  over,  and  the  gn« 

1  i- ralure  ofihe  rmgen,  that  itsfolume 

omkritime  do  permanent  obaitge :  the  bulk  of  the  oxygea, 

'   by  this  combiiintiou ;  the  carbonic  acJd 

-  precisely  tlie  same  space  as  the  oxygen 
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prrKlnood  it. 
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n't:  S/,.  Cr.,o'9<7;  Comb.   Vol.,  3.* — It 
'iiic  acirl  is  wholly  deprived  of  its  oxygen 


rii_i..i.T. 


-'■"-'-'  '  -  'I  Df,— J?  "■illt  a  MBibiniag  Tolame  of  4.    Gof- 
1 1  Willi  llu)  double  atouic  wniflils  of  carbon 


CAHItOMC  OXIDI — in  rRcrABATlON. 


rem  111  na. 


-set  free. 


whcQ  hfiatcd  with  potaattium  ;  but  if  tome  metal,  meh  a$  zinc  or) 
iron,  which  hm  ii  lc»a  powerful  atRiiity  for  osTgen,  be  aubetilutol I 
for  tbe  potaauum,  tho  cnrbonic  acitl  will  only  be  partialis  4fr| 
oxidized;  the  metxl  will  drpriTc  it  of  eiuclly  half  the  oxygeiJ 
which  it  contains,  and  a  ucw  ga«cous  body,  termed  carhonic  andl^| 
will  be  produced.  Tlic  bulk  of  this  new  ga»  is  exactly  equal 
that  of  the  oirbonic  acid  that  furnislied  it. 

Pnrparalion. — i.  Carbonic   oxide   may   be   coiircDieiiily 
pared  by  mixtug  powdered  chalk  with  au  equal  weight  of  ii 
ginc  filings,  and  exposing  the  mivturc  to  a  red  hent  in  a 
barrel.     The  chalk  when  ignited  gives  off  carliouic  acid,  whlo 
ixmtact  with  the  heated  metal  is  decomposed  ;  oxide  of  irou  or 
nnc  is  formed,  quick-liiue  remains   in  the  retort  mixed  with  tlill 
metallic  oxide,  and  the  carbauic  oxide  gas  may  be  collceied  0W| 
water,  in  uliicli  it  is  but  slightly  soluble.      These  cliemical  cb 
may  be  represented  ia  thu  following  manner : — 

Decomposition  of  Carbonic  Acid  by  Zinc. 

c     =  j  28  =  1  eq.  lime  (CaO) 

of  chair   1'*='  cq.  carbonic  oxide  (CO)^ 
[  S  =  I  eq.  oxygen, 

327=1  eq.  zinc  (Zu) 

or  in  symbols : — 

CaO,  CO,  +  Zn=CaO  +  ZiiO  +  CO. 

a. — Carbonic  oxide  is  often  produced  abnndantly  in  the 
nary  proee^s  of  eoiiibustiini  in  atovwi  and  funiuecs ;  llus  mc 
its  formatiou  is  important,  for  it  exercises  a  material  influence  up 
the  economy  of  oonibuNtion,  inii»mucli  as  all   tlic  carbonic  oxv 
thus  carried  off  imbunit  represents  so  much  fuel  wasted  ;  while  i| 
many  mctaJlurgic  operations  the  carbonic  oxide  so  produced  pUj 
a  conspicuous  part  in  the  reduction  of  the  ore  to  tbe  metallii 
state.     It   is  owing   to   the  production  of   carbonic  oxide 

athracitc  con  be  employed  in  roasting  the  ooptier  orca  at  Swans 
flame  being  c:ssciitial  to  the  due  pcrformnuce  of  the  process  (752)1 
The  formation  of  carbonic  oxide  in  an  o|)en  fire  winch  is  buraiB 
atea^lily  witliout  emitting  smoke  is  often  eridcnccd  by  tbe  flidie 
ing  blue  flame  seen  playing  over  the  gloning  cmbcrn.     In 
case  carbonic  acid  is  first  formed  at  the  bottom  of  tho  grate, 
the  free  access  of  air  to  this  part  of  the  burning  fuel ;  the  carfc 
acid  gax  as  it  traverses  the  rod-Iiot  coke  enters  into  comhtuatio^ 

Ith  an  additional  quantity  of  carbon.     The  acid,  by  losing  Ita 


(t  e<j.  oxide  ofl 
zinc(ZnO);J 


il 
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oxTgcn,  U  converted  into  it«  own  bulk  of  carbonic  oxide,  Mid 
U  the  same  lime  Uic  carlwn  of  the  betitt'd  fuel  which  has  entered 
into  combiuatiou  with  this  rcmorcd  oxygen  furoisbca  anutbcT  cquid 
quautiLif  of  the  »anie  gaw:  uul  tlie  heated  caHwnic  oxide  takes 
ire  as  EooD  as  it  nmes  nith  the  air  vhich  passes  over  tbc  upper 
nirCice  of  the  fire.  The  reaction  between  the  hot  carbon  and 
Gvbonic  acid  maj-  be  thus  represented :  CO^  +  C  =  i  CO. 

5. — Carbonic  oxide  may  aI«o  be  formed  in  Hcreral  other  vays. 
Half  an  ounce  of  tlie  yellow  prussiate  of  potash,  if  finely  powdered, 
placed  in  a  retort,  and  heated  witb  4  or  5  ounces  of  oil  of  vitriol, 
jidds   more   than   a   gallon  of  tbc  pure  gaa  (Fowncs).     Care  U 

[tiiutc  in  applying  the  heat,  because  when  tlie  temperature  rises 

a  certain  point  the  extrication  of  llic  gas  takes  place  witli 
bUBtiltaous  rapidity.  The  reaction  ia  in  this  ea»e  of  a  compli- 
cated nature,  but  ia  cxprettscd  by  the  annexed  symbols: — 

kjFccX  +  6U0  +  eTnoTso,) 

give 


6  CO  +  2  (KG,  SO,)  +  FeO,  SOj  +  3  (H^NO,  SOj) 

One  atom  of  fcrroeyanidc  of  potassium  and  9  atoms  of  vnter 
produce  6  of  carbonic  oxide,  2  of  potaali,  i  atom  of  protoxide  of 
iron,  and  3  atoms  of  oxide  of  ammonium ;  and  these  bases  all 
combine  witli  sulphuric  acid  to  form  sulphates,  some  of  which 
lAcrwarda  form  double  salt*  with  each  other. 

4.— Another  method  by  which  carbonic  oxide  may  be  obtained 
"  '1  fncjlity  consists  in  heating  oxalic  acid  with  .5  or  6  times  ita 
< :  of  oil  of  vitriol.  Ttic  oxalic  ai.^i(l  is  thus  deprived  of  water, 
aid  la  resolved  into  a  gaseous  mixture  consisting  of  equal  measures 
of  carbonic  acid  and  carbonic  oxide:  by  allowing  the  mixed  gases 
to  pa>A  through  a  vessel  filled  with  a  solution  of  potiii!h,  or  with 
Bilk  of  lime,  tlie  carbonic  acid  is  alworhed,  and  Uie  carbonic  oxide 
may  be  collGCtcd  in  a  state  of  purity.  The  decomposition  may  be 
tluis  explained  : — ' 

Onllr  —U.  WiUr.      Cut,  oiida.       Cub,  luid. 

3  no,  C,0,  =  a"Hb+  iCO  +  a  CO,. 

A  ooorcnieut  mode  of  washing  the  gas  is  sliown  at  a,  fig.  266;  the 
(cot  tube  is  connected  to  the  neck  of  the  retort,  a,  and  pa»e-i  to 
llietiottom  of  a  wider  tube,  c,  open  both  at  top  and  bottom,  which 
pMiBt  into  the  waNbing  bottle,  d  :  a  movojible  gas-tight  joint,  which 
Ita  be  aiuuiitcd  or  dismounted  in  a  moment,  is  thus  obtained. 
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Properties. — rartionic  oxide  is  &  transparent  colouriww  ga», 
with  a  faint  oppressive  odour.  It  U  nuich  lighter  tlina  carbonic 
acid,  having  n  i-ppcific  gravity  of  0-967  (Wrcde.)  All  attempln  at 
its  liqiiefjiotion  liavc  as  yrt  bex-ii  innmcw^iwfij.  It  i»  but 
sparingly  sohiblo  in  wuter,  100  parts  of  tliis  lirjuid  dissolving 
p^irlH  at  32°  and  a'43  at  59°  (BuuBcn).  When  renpin-d, 
thoU|!h  diluted  with  nir,  it  acts  aa  a  direct  jioison,  prtxluciitg 
pectdiar  pcnsation  of  oppression  and  tightness  of  the  head.  It 
does  not  i^ttpport  coinbnslioii,  hut  biirna  itself  with  a  beMUtifii]| 
pale  bine  light,  producing  by  it«  combination  with  oxygen  carbonic 
acid  only.  A  solution  of  diehloride  of  copper  in  hydrochloric  naif 
or  of  u  Halt  of  dioxide  of  copper  in  ammonLt,  gni<hial1y  abaodM 
carbonic  osidc  if  agitated  with  it.  The  compound  with  dichloride 
of  eop|)er  crystallizes  as  CO,  CujCl  +  3  Aq.  Carlwnic  oxide  b 
absorbed  by  pota»«um  if  the  inelal  be  hwitetl  to  about  1 76"  in  the 
gas,  and  according  to  Urodic,  the  combination  occurs  in  the  propor> 
tiou  of  3  CO+K.  This  property  is  sometimes  eiiiploy4.>d  for 
■cparaliug  CJirbonic  oxide  trom  its  mixture  with  other  inflammable 
gases  iu  the  process  of  analysing  mixtures  of  such  gases. 

Carbonic  oxide  has  been  supposed   to  form  the  ratlicle  of 
numerous  scries  of  compounds ;  it  ewn  enters  directly  into  com- 
bination with  hydrate  of  potash  itheu  heated  with  it,  coovertiug 
it  into  formiatc;  KO,  HO-f  i  CO=KO,  CjHO,  (1173). 

Companion. — The  chemical  composition   of  carbonic 
be  ascertained  in  the  following  maimer : — Intniduee  into 
eudiometer  (fig.  257)  a  certwu  measure,   say  20   parts 
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Die  osUla,  tb&ti  oil'I   30  inraKiirus  or  pure  oxygen ;  [MM  thaj 

aptrit   with   the   jirecauliona  olrewly  <tcscnl>od:    the  40* 

of  giu  vill  become  dimioMbcd  to  30  mensurei.      If  a 

I  idltiaD  uf  potttsli  be  ititrodiuwd,  Jo  mcnnurct  of  the  residual 

l«ill  diisppetir,  leaving  10  mcMurcs  of  uualterad  oxygeu:  ilio 

[•UBMUR*  of  ga«  itlwnrhcd  arc  carbonic   acid.     Now  cu-boaic 

IfnotutiB  its  Dwu  hulk  of  oxyi^cii,  but  tbe  20  measures  of 

tin  o\tdc    bare   retjuired   ouly   10   loeoAure*,  or  tudf   tbi-ir 

I  of  otyiEvu  to  coovcrt  tlivm  into  cmrbouic  acid.    Corbouic  oxide 

■n  dHU't  hare  coiit^iiacd  the  other  10  measures  of  oxygen  ; 

'  nonl*,  half  its  bulk  of  oxygen.     But  the  specific  gravity  of 

!  okide  is  o'9fi74 ;  deduct  from  this 

o'5,538=balf  tbe  density  of  oxygen 

o'4 1 4^) ;  this  remainder  is  tbe  wnght  of  tbe  carbon 
ined  witb  o'55j8  of  osygcu. 

■  0*5538  :  0'4l4(S  :  :  8  :  6.  Tbe  proporlioQ  by  weight  of 
va  In  riirl>i>n  in  caHi'niic  oxide  is  thciefurc  ait  8  to  6,  or  1  ntuin 
e\i,  aud  itx  coni[>'Mttiuu  may  be  thus  rejireseutcd : — 


CvUmhIi-.  CO 


0=   6    or  41-86 
0=   8        5714 


B;  lalaiia. 


■»0r. 


if    or    t?   =s    0414A 
1  0-5  =    o-55»8 


1 0000 


ro 


01)674 


u^ide  and  carbonie  ncid,  widely  as  they  differ  in  pro- 
i«t,  it  is  ondeiit,  of  the  same  elemeuta;  but  tbe  pro- 
lit*"  two  piDmnits  is  diffcicnt  in  the  two  cues.  Carbonic 
tbe  cuni|i»uitd  of  carbon  l)iat  eoatalos  tbe  smallest  pro* 
of  oxygeUf  tbe  relative  com  position  of  the  two  bodies 


I- 


O.        O.  Oirkw.       Onrm. 

lip    CO   =  14    or   6  +    8  =    Ai'fid  +  5J14 
1!       CO,  =  11  6  +   16  =    1;  j«  +  -jyja 

to  l«*  |WCU. 


CHAPTER  V. 

^lOOCNDS   or    KtTBOOEX  WITH   OXYOKN   AMD   WITH    RTDIOOCK. 

f  I.  CoMPOUsirs  ur  NiTKoocN  Wire  Oxtqek. 

I  a. I  Tnit  affinity  of  nitrogen  for  oxygen  ismweb  feebler  tbi 
^lber<:arbi)u  or  hydrogen  oroxy|{en,K)  that  it  is  not  easy  I 
I'Ibeir  direct  union, — eopocially  a»  the  tfmpemture  etniiudi 


PIODCCTtOM  OP  KlTRiC  ACID. 

by  nitrogen    and    oxygen    in  the  act  of  coiabiuattou    '» 
panitivcly  low.      Xitrogvn,  notnitli^tiindiDg,  foinis  vrith  oiygtaj 
five  ili&tinct  compounds,  containing,  res|}Gctire1y,  i,  2,  3,  4,  tnd^j 
Atoms  of  oxygen  witli  i  ntom  of  nitrogen. 
These  compounds  Itave  been  named 


I'rot'nid<'i>rNitrog;eo,  NO,  =  2a  or  14  +  8 

I)«ubixiilaaf  Nitrcigcn,  NO,,  :=  ^  14  -f  (^ 

Kitroii*  acid,                  NO,.  =:  .18  14  4-  34 

PteiniiJi'  of  Nilro^ea    WO,.  =  46  14  +  3» 

Kitrioacid                   NO,.^  54  14  +  40 


46*7  +  .wa' 

.■5683  +  6.515 

3044  +  6950, 

'5'M  +  74-«r] 


(304)  Nitric  Acid  (>rOi=54) ;  IIri>RAT»!ii  Nitric  Acioi 
NOj=63). — The  most   important  of  the  compounds  of  ox 
nitb  iiitrogcn  ia  nitric  acid,  wbicli  whvn  in  oombiiiatioii  viith  wa 
was  foiTOCiIy  called  aquafortis.     It  was  known  to  tbe  alchcmi^] 
but  its  true  composition  was  firet  determined  by  Cavendish  in  1785 
When  nitrogen  ia  raised  with  12  or  14  timca  its  hulk  of  hydrogeijl 
and  a  jet  of  the  mixed  gas  is  allowetl  to  burn  in  air  or  in  ovygca,] 
the  water  which  is  formed  ha^  a  sour  taste  and  an  acid  reactic 
owing  to  the  simultaneous  formation  of  a  itmall  ({nantity  of  nit 
acid.     In  this  case   the  nitrogen   burns   by  the  aid  of  the  he 
developed  during  the  combustion  of  the  liydrogeu,  and  the  nit 
acid  combines  at  once   with  the  water  formed,   which   mv 
incrc4wcs   its  chemical   stability.     It  na»,  indnKl,  owing  to  tfae 
accidental  production  of  nitric  acid  in  the  course  of  his  ex[ 
mcnts  on  the  formation  of  water  by  the  combustion  of  hydr 
that  Cavendish  was  induced  to  institute  the  train  of  reoearct 
which  terminated  in  this  impurtaut  discovery. 

If  2  volumes  of  nitrogen  be  mixed  witlt  5  volumes  of  oiyg 
and  introduced  into  the  bent  eudiometer  (fig.  257)  and  the  tuk 
be  filled  up  nith  an   infusion  of  blue  litmus  in  distilled  water,  1 
series  of  electric  sparks  may  be  transmitted  through  the  mixtc 
by  means  of  a  KuhnikorlTs  coil ;  under  tliesn  oireumrtances 
two  gases  will  slowly  combine,  and  the  litmus  will  be  redde 
The  hcnt  of  the  spark  determines  the  combination  nf  the 
joat  at  the  spot  through  which  it  passes,  hut  the  action  does 
extend  further.      In  like  manner,  if  a  number  of  sparks  be 
fiom  tbe  electrical  machine,  between  two  metallic  points,  ov 
moistened  litmus  paper,  in  air,  n  red  spot  will  be  produced  uf 
tbe  paper,  owing  to  the  formation  of  nitric  acid  io  minute  qnantit: 
by  the  combinaUon  of  oxygen  with   nitrogen.     During  stomj 
VBBtlier,  and  indeed  whenever  a  flash  of  ligtitning  passes  tbroaghi 
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tioM|thero,  tlie  eaow  compoand  rs  prodacod  in  appreciable 

r.     lni)<isl,  it  'a  mre   to  meet  with  nun  water  in  nhicb 

k  ••■at  aoiinDQi*  may  not  be  tlctceted,  if  the  cxpcri> 

fc4— ■■■,.  .iitli  uacancj.    Auimoiiia  likcwtui:  yields  nitric  acid 

Bkn  circumataocos  by  slow  oxidation  (311). 

ic  acid  alio  occiini  in  combimtlion  vith  potaab  or  aoda,  ia 

of  au  effiorf\icenc«  on    the   soil,  especially  iu  tropical 

as  in  some  parU  of  India  and  Peru.     Tbc  compound 

witb  potaab  oonsUtntea  the  nitre  or  saltpetre  of  cotnmeiioc. 

rata  of  tbc  alkalies  arc  al»o  ofV^n  present  in  tbc  walcr  of 

lowtii  or  in   the  vicinity  of  ccoicterics,  tbe   oitric  acid 

tbencaso  produced  by  the  oxidation  of  axotised  animal 

aa  tbey  under;^  dceomposition  during  the   percolation 

aipieoDB  solntion  through  the  toil. 

fmtion. — U  i«  from  one  of  the  nitrates  tbat  tlic  add 

ja  nbtaiood   for    0hcn1ic.1l   purpo«es.       When    nitrate  of 

I  healed  with  a  poverful  acid,  auch  as  tbe  sulphoric,  it  ia 

a  combination  of  snlplinric  acid  with  potash  reniaina 

,  «liil«t  the  more  volatile  nitric  acid  distUa  over,  and 

oowlcnsed  in  tbc   tiKunI   manner.     Tlic  method  of  pro- 

niuk  add  offers  a  gooi  example  of  the  general  priodplo 

'faitli  adds  vhkb  admit  of  being  ilistilled  without  expe- 

^eramjwrition   are  obtained  from   thdr  salts.      In  pre- 

uiric  add  on   the  amnll  ncale,  equal  weightt  of  nitre  and 

Tttnal  am  placed  in  a  glass  retort,  and  the  distillation  ia 

M  with  in  tfao  manner  shown  in  fig.  1 19,  Part  I.,  p.  360. 

■ah  of  tba  renetion  may  be  traced  as  foUoirs : — 


Preparation  qf  Nitric  Acid. 


Kilric  add 
Potash 

Water 

Sulphuric  arid 
Oil  of  vitriol  - 


AIW  dKompDliUotu 

,    fi  cq.  Liquid 
^  \  nitric  acid. 


I  ei).  Add 

sulphate 
of  potash. 


SO^+i  (HO,  SOJ  gire  HO,  NO,  +  (KO,  HO,  2  SOJ- 

ia^  the  diitilbition  red  fumes  appear  in  the  retort,  ariaiug 
«rlial  decomposition  of  the  acid,  and  a  formation  of  some 
wcr  oxiilfa  of  nitrogen,  whilst  a  yellowish  corrosive  liquid 
naed  iu  tlie  recctmr :  this  liquid  is  concentrated  oitrifi  &dd 


m 
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( HO.  NO,) ;  it  famw  ■trongly  id  the  war,  nud  cmii 
trvttetiuji  odour. 

0«  ill*  Urgf  scale,  iron  rctort«,  fij;.  267,  coatM  wT 
Ml  tbe  iuaidv  of  the  uj>i>cr  part,  where  they  are  eipo4 
»cmI  vaiwun,  uv  anploj^cd  for  the  distillation,  and  tiitnl 
^  ■utatitult'd  for  iiitntt«  of  potash,  a&  it  is  a  cheopcr  nit, 
«ur  cvutiuii*  9  yrr  ixriit.  more  nitric  add  thsu  nitrate  ( 
Ttu*  crIitHler*  or  rotorta  are  arraii^d  in  pairs  in  •  fu 
thwl  r«oh  Qro  heats  two  cjrliniierK,  a»  ihowu  in  the 


1. 


I'lic  i\tUiidi>r*  nrr  iiii|ii>li<-4l  mili  »  ii>ovi4il>>i;  li<l,  >,  u.  ut 
tlii>  tiilTnin  i*  iutrodticcil  ioto  the  retort,  a,  through  tiM 
t',  nliirit  in  cliwctl  diiriii;;  the  dittillstioo  h;  a  »tone 
t  Ir  to  the  aperture;  and  iho  oil  of  vitriol  is 
I  '-  **,  after  the  retort  ui  clooed.     An  aoou  as  U 

liilniiliitvil.  iho  funnel  is  -withdrawn,  and  the  opcnin|;  at 
Milh  a  |<l"lt-  '^'i"  oili^c  acid  ii»  it  dinliU  orcr  piiM«a  thi 
itl)<*>  /*,  and  i*  eondeiisLMl  in  a  ficrics  of  stoncirnrc  iKittles, 
,.1  uhtt'h  U  luva  Ht  n.  The  acid  which  i»  collected  ia 
ii>«i'4xi>i' I*  alwav*  rontnniinfttcd  with  sulphuric  acid,  an 
thv  t<<*t  t*  rather  dilute,  as  water  is  placed  in  it  to  ooD 

t'tHitt  llifl  largo  scale  it  is  customary  to  employ  a  p 

„f  •Hl|ittuiii>  «Hd  •mailer  tliau  tliat  odcd  wbca  the  distijjatii 

i|  ni  *(«iimO»,  a*,  it  is  (initc   p<uuit)te  to  vtFivt  a 

,t  ,1,  It  ol  Ihc  nitmic  bj  heating  it  with  oue-half  t 

,  vimUil     Uiulur  these  circuinktancca,  however, 

.  Mil   I*  iH'i^li'd   to  cx\td  the  la»t   portions  of 

„ ,.ilili>  t|iiatilily  of  the  nitric  ncid  it  thrn-hy  ilrujiu 

MArtnl'     '^'i**  c*^'"'  i"    ^"^  nitort,  when  the  smaller  (| 
^^bvirli'   a»"t  |»         '  '1  Mihitile  in  water, 

^H[f1.  .-  luKih  I uioval:  hut  in  theiroi 

^K,  '  .ijiwntr  tliia  is  of  no   momcnl,  because 
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I  ouil;  he  dHacbed  by  tbo  dbc  of  iron  toola  wlten  Uw  di*. 
:  b  at  an  end. 

'  cuiM  of  tlicM!  dilfcnenCM  liea  in  the  fact,  tlmt  stilplmric 

with   potnah  iwn  {liUvrciit  com]x>uiiilii,  oitc  uf  which 

twice    u    much   ncid   a»  the  other.       Wbon  nitre  nnd 

and  are  mixed  in   the  pntportion  of  3  Minivalcuts  of  I 

the  nitre  only  is  dccompoeed  bo  long  as  a  gentle  heat 

I  ctnpla,red,  and  the  acid  Ntilphatc  of  potnsh  is  forniwi.     The 

•rid   tlinn  lilMirstcd    distils  over   readily.      The   following) 

ahuws  the  form  of  lUU  reaction  ;— 


101=1  eq.  Silro,  (KO.SOJ- 


j4^i  pq,  Nilric  lutd 
4;=!  v<),  i'oIwJi 


f  9=ir<).Vati(r  (HO) 

4  40=  I  c(|.  5ul|>li.  Bficl     (SOJ 
C)9=i  eq.  Otloftit  (HO.SOJ 


AterdHcopMMn, 

•JOict  (q.  Nilrv 

ft  en.  liqaiil 
(NO.)-  -y  fitjnilrK-  acid. 
(KOJ^    /        ((HO.NOJ 

II  M|.  of  Aoitl 
ml|>lulc  of 
pouuh.  (RO. 
HO.aSOJ 

Iw  mme  chanitn  mav  also  1>e  thus  re(>rescnted  in  symlwb  : — 

(.0J*0»>+a<HO.SO^<K0,N0j)+(H0.N0.)+(K0,fl0.3SO^. 

I  toon  as  the  first  half  of  tlie  nitric  acid  has  pwsed  over,  the 

■tare  begiim  to  riiio,  and  the  acid  sulphate  of  potash  then 

I  m  the  uiiilocoinposcd  uitrc ;  the  Moond  half  of  the  nitric 

UbenUcd,  but  nt  the  Nnnic  time  in  partially  decompoitcd 

tbc  end  of  tlie  operation,  and  tbc  whole  of  the  potaeh 

iu  combiaation  witli  Milpbiiric  acid  in  the  form  of  the 

•ly  «it(ililc  neutral  (or  normal)  sulphHlc.      This  second  sla^e 

:><iitiuoa  'i»  eihibite<l  in  the  subjoined  equation,  which 

i!uii.T  understood  from  the  foregoing  explanation  : — 

|[KO^0J  +  (KO.UO,  a  SOJ  =  tlO,  XOj  +  2  (KO.SO,). 

*'  r  othiT  hand,  3  equivalents  of  sulphnric  acid  are  used 
it  of  nitre,  the  whole  of  the  potash  is  at  once  con- 
tnio  ibe  arid  nulpliule,  so  that  tlic  whole  of  itie  nitric  acid 
mi  mod  lately,  aitd  distib  readily : — 

),  NOJ  +  2  (IIO.SO,}  give  (110,  NO,)  +  (KO.HO,  3  SO,). 

Hrt. — Xitrio   acid,  in  the  moat  concentrated  form   in 

[it  cut  by  tilts  process  lie  obtained,  ia,  when  pure,  a  culour> 

Unptd,  fiiiuitig,  [lowcrrtdty  ciirruiit-e  acid  liquid,  of  sp.  gr. 

It  is  the  bigbcwt  known  oxide  of  nitrogen,  and  fur  c«ch 

luf   uitnijfrn  omitaiui    5  atODia  of   oiygeo,  ootnbiued  «ilh 

a 
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t  ntont  of  wfttiT:  loo  parte  of  tlib  liquid  coataln  S57U 
null j'd  roil*  nitric  acid.  It  u  very  readily  dccompomd,  ■ 
iti«tillitlion  alnn}'»  producer  iu  piirlial  de«om[iOKitioi].  El 
to  Utu  li(;lit  of  tUc  sun  has  a  similar  effect.  At  184"  it  bi 
Iwil,  nnd  frw-xoi  ut  nlwut  — 40'.  Nitric  acid  piirt*  rcry 
will)  a  |H>rtiou  of  its  oxygen  to  tlie  mclaU,  and  to  coni 
bixliiw.  If  it  l>c  dro)>ped  into  Lot  finely  powdered  cbana 
rliarcual  liiinia  viridly ;  if  nixed  vntti  a  little  oil  of  ntq 
|K>irml  into  oil  of  tui^)onti»e,  t)ic  nuixtnre  bursts  into  flamsj 
l>l>iir,  )iiioH)jlioru5,  aud  iodine  arc  also  oxidized  by  it — tlie  pltot 
witli  Krcat  riolcnce.  Nitric  acid  is  one  of  the  most  corroail 
•tanivM  ktiuu'ii,  It  rapidly  destroys  all  animal  textures,  1 
M)mettbutdilut4.-d,  xuiun  tbcskin,  wool,  f«kth<-r&,  and  nil  albin 
IwiHm,  of  a  briglit  yellow  colour.  Nitric  acid  acts  riolestfl 
tin  or  iron  filiiigw,  eAjiecially  if  tbey  be  preriounly  nioiRtrM 
n  fiiw  dtii]n  of  water,  and  iadeed  it  attacks  most  of  tbe  I 
DKOCpt  Kold,  platinum,  rhodium,  and  iri^Uum  j  boioe  it  is  ood 
Hiipliiycil  by  the  cheniirt  a»  aii  oiidizing  af;ent. 

'I'lie  action  of  nitri*;  acid  upon  Uic  luctals  is  in«tmctivu 

HiBjr  serve  to  illuetratc  the  manner  in  which  roetallio  bod 

atlockMl  by  llu-  luriiU  (jcncrally  : — The  metals  will  t-titcr  iiitd 

iwubinalion  uitb  many  of  tlic  simple  DOD'Otci^lic  bodin 

tiHlliDOiiy  will  unite  directly  with  chlorine,  and  «ill  crea  ta 

If  Mllowcd  to  fall  into  this  gas  in  fine  powder.      Iron  will  B 

iityKrn  :  aud  eopjwr  turnings,  if  mixetl  witti  powd<'rcd  kuIjUii 

(tuiubinn  with  the  sulphur  ou  the  applieatiou  of  heat,  eni^ 

vivid  kIow  (if  light.    Hut  no  metal  will  unite  directly  with  aJ 

In  tmlrr  that  conibinnliou  between  Ihcm  should  occur,  it  iaj 

Mvy  thai  the  metid  should  Ik  in  tbe  form  of  ox)lh^     Thi>| 

llutt  it)ay.  how<:vcr,  bo  tOccted  at  the  same  time  that  the! 

nnwuttHt  to   the  metal,  and  the  formation  of  the  uxido  d 

Mdillt*'"  iu  t'x'  *^>^  ■""7  appcur  to  occur  simultancotulj.    2n 

t>kiiiH|d«,  •Ines  not  unite  as  liuc  with  sulphuric  arid :  when  Ma 

U  pbitx'd  in  diluted  Hulphurio  add,  the  oxygen  is  supplied  Gfi 

(iiidtr  whlKlt  i*  dccompoMd,  oxide  of  zinc  is  produced,  and  iaj 

iIIm'.  '     ''    <<lvi>(l  by  the  acirl,  whiUt  ilic  hydrogen  cscuiH 

^.^  When  nnietal  sudi  as  copjier  ur  silver  Uj^H 

.    Html,  a  ]iirlimiuai'y  oxidation  i*  cqtuJIy  neca^H 

HHiiiJ  •<•  llui  fiu'lhty  with  wliidi  nitric  acid  is  deprived  o^H 

Hiriivn,  Oii*  nitidutiou  ia  usually  efleetvd  at  tbe  cijHraw)  j 

^BLt  iti'lil.  wbu'b  i"  ddcomposeil  mon;  ri:adily  than  water  it  a 

^K^    I  —  .  .t.1i-«  of  nitn>f;en  arc  li)icmu'.d  iu  il'"  <■■•■■■  -f' 

^E  coiupuund  tif  the  metal  with  c  1 
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lis  ittotluT  portion  of  tlie  acid  whidi  lias  aot  andergoiie 
kaitinn.  Tlio  exact  uaturo  of  the  deoompoMitJon  wliicli  tlie 
■ill  CAptrrirDcc*  varic*  in  cliSfercnt  cues.  Silrcr,  when  allowed 
Inc  dMMiivGd  slowlj-  in  tbe  cold,  iii  an  «zoeu  of  diluted  aitric 
ndsott  nitroiKi  acid  (NO,]  wliicli  rcmttioa  in  eolution:  thus 
1 3  NO.  becomes  2  (AgO,  NOJ  +  NO^  and  tlic  metal  is 
UwiUunit  evolution  of  gits ;  n  Himilar  effect  utalao  produced 
wBata.  Vfith  metals  vtiich,  like  copper  and  niercuri-,  liavo 
Ivliat   atrougcr  ntlinitj'  for  oxygen,  dcutosidc  of  nitrogen 

■  disengaiicd  in  lar^  qnaiititjr ;  for  example,  3  Cu  +  4  NO^ 
■0,4-3  (CuO,  XOJ  :  ""'^  '^  ^'^  mctnl  liar c  a  still  more 
^Bpdeiicy  to  oomhine  witli  o\ygen,  aa  ia  the  mse  uith 
Pfntosidt:  of  nitrugcii  (SO)  in,  if  the  acid  lie  dilute, 
I  the  leases  disengaged :  4  Zu  +  5  NO^  would  produce 
|('/nO,  XOJ.     Zinc  nud  tin  alau  decompose  water  as  well 

■  acid  vtheu  dissolved  iu  tlie  acid,  setting  hydrogen  free, 
mt  hydn^co  at  the  moment  of  its  liberation  completely 
*  <ti  of  nitric  acid  of  Ita  oxyi^en,  and  forma  ammonia 
lL^  ■-..  -uig  into  combination  with  the  liberated  nitrogen; 
mmt,  8  Z1.  +  8  {HO,  NOj)  =  8  (ZnO,  NOJ  +  S  H,  and 
Dj  -f  S  [I  yield  4  110  + HjN.  In  order  to  produce  a  rapid 
■1  of  tlia  nirtuU  it  is  licU  to  dilute  the  acid  until  its  NpcciRc 
ki  between  I'lj  and  ('35;  the  action  ia  then  vciy  brisk, 
■^dntod  Acid,  iu  fact,  is  without  action  upon  iron,  bis- 
Hk  many  other  tuctAlit,  at  ordinary  temperatures.  The 
■of  LJtruua  Bctd  in  nitric  acid  greatly  increases  ita  oxidtiting 
for  ovinj;  10  tbe  iueuUlity  of  oiuuus  acid  it  porta  with  its 
I  very  rroilily. 

Ini  i-nneentraled  nitric  aoid  is  exposed  to  the  air,  it  absorbs 
pi  and  if  tn\\'c\  with  water  it  emitti  a  Heimible  amount  of 
Irbtg  u>  the  lunnatioii  of  another  hydrate  of  much  greater 
L  'fbii  atahlc  hydrate  (H0,X0j+3  Aq)  contwus4atoms 
w  fur  every  atiiui  of  thn  anhydrous  body  XO^:  it  fans  u 
Lratily  of  i'4i4,  and  ik  ciainjMJCKd  of  f^o  )>er  cent,  of  aidiy- 
I0|,  ai>d  40  of  uatcr.  It  baa  a  higher  boiling  point  than 
mk<'  id  diHtiU  at  230^  without  change.     A  weaker 

^B  .     parts  uritli    its  water,  till  it  arrives   at  this 

I  awl  a  stronger  acid,  in  like  tnumer,  loses  acid  ;  the  liiiuid 
pvtort  being  eA-cntually,  in  both  cases,  leiliiccil  to  the  hy- 
ISlli  4  At),  uf  sp.  gr.  r4:4.  Aooording  to  Biucau,  the 
luf  tW  bydrato  has  a  density  of  t'H3-  1'<^i>  Toltunca  of 
■Mr  :-■■■,-  ■--■■  vilciit  of  the  acid. 
^■d_  .     .^tcH  the  jKr-ccutage  of  the  anhydroua 
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ooin[>onti(l  (NO^)  cootaincd  iu  lujueous  lolutious  of  nitric 
vsriom  specific  gravitioM  : — 

Sirenffth  ^f  Nitric  Mid  {On). 


(I.  .11  J-. 
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(304  n)  Nitric  Anhj/dridf,  or  Ankydrout  Sitric  Aciit  (^ 
l^ift  sub&tance  U  a  very  uiutsblc cuinpuiiiicl,  nhicli  may  bo  1 
in  tfau  foriD  of  perfectly  traOBpuent,  briltianl,  coluurlcas 
derirett  firom  (he  nKbt  rhombic  prism  :   tlicj-  melt  nt  8^*^ 
boil  at  113°:  at  al>out  this  temiiemtiire  tlic  campouud 
undergo  decompo§ition.     Somctitncs  the  crvstaU,  eren  if  J 
scaled  tubes,  uiider^  deconipoutioa  at  tbc  ordinary  at 
temperature,  and  t]ic  tube  bursts  with  a  dimerous  explc 
the  |»%ssurc  i-xert«d  by  tlic  liberated  ga»c«.     The  rry&talsj 
•utved  rapidly  by  water,  ctnittiog  much  heat,  aud  prodt: 
nary  bydratvd  nitric  add. 

In  order  to  procure  the  anhydride,  a  iiniforni  current 
fectly  dry  chlorine  gas  itt  trunsmitted  very  slowly  over 
well-dried   nitrate  of  stiver :  the  salt  it  at  fir»i  Iteated 
300°  till  the  docompoiition  bat  ootnmcDGcd,  and  the 
ii  then  lowered  to  about  150**.     The  ojicrnlioii  io  one  uf  1 
able  delicacy',  and  mquirtw  atli^itinn  to  a  uuuibirr  of  luinll 
cautioiu,  for  the  details  of  w  hich  Uio  reader  i*  rcTcrrrd  to  Da 
pD|iiT  (Anii.dr  Chitttxe,  III.  xxviii.  141).      Tlir  apparatii* 
is  tiliown  in  fig.  ;68,     Ais  n  rcmel  of  couocntratiKl  •ulpbn 
tha  add  in  drawn  off  from  it  liy  meaiifl  of  the  aiphon,  and 
to  flow  into  tliu  vessel  11,  in  a  rciy  steuder  •tream 
reguUucd  by  tlic  gUus  ktojicoek ;  a  bos  also  beei< 


ixSYDBOft  xirntc  acid. 


1,  and  sabsctitientljr  charged  with  pure  dry  chlorine  hy 
jof  ifae  bent  tiiltc*  nt  6.     c  is  i  tube  lUlcd  with  dry  chloride 

Fio.  tCS. 
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o,  a  tuW'  ruled  with  puniice  moisti^iietl  with  sulphuric 

■  wide  tu*K:  filled  with  nitrate  of  silver  iu  crj-stals,  im- 

K  bnth  of  oil;  r,  the  receiver  for  the  anhydroiu  uitrir 

ix  ii  kept  cool  hy  a   frci-zing  mixture  of  ice  aud   salt. 

*  r  is  made  of  one  coutiuuous  piece  of  gla-iN,  ox  tlic  acid 

clj'  attacks  und  dcstro;rs   cork  or  caoutchouc  joints :  a 

Tone  of  the  lower  oxides  of  uitrogi>ii  is  iiqurliefl  uiid  ool- 

thc  bulb  in  r,   anil  u  thus  separated.     The  cblorioc  db- 

uitrtv  add  and  oxygen   from  the   nitrate   of  Mlvcr; 

■of  »ilyer  U  fornieti,  and  the  nitric  anhydride  and  osygen 

By  Mirronniliiig  ibc  receiver,  r,  with  u  fn^xing  mixture, 

■ic  nulif  driilo  m  condeuMcd  in  crjstaU.     The  decomposition 

iu  tlie  roUowini;  inanuer,  though  it  is  prohably 


infni*4f*dH«, 


CbW.  illTvr, 


kgt)>'0,+Cl  give  AgCl  +  0  +  NO,. 
ttMstrtiiiuril  tlic  compoaitioii   of  nitric  anhydride   by 

iiliIiirj'tilTfii'  ir'.!  in  rotlBciI  Gnl,  Ibui:— A|tNO,-fl  ClixA|[Ct 

:  line  KtA  dxVBipoM*  ft  M-cood  otvm  of 


^^ 


da 
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eatimntiitg  the  qusntity  or  nitrogrn  which  a  given  weight 
compound  ftirntshed  afler  the  oicv^cn  had  been  mnavcd  frail 
Iran  emitting  its  vapours  over  finely  divided  incttdlio  iropper, ' 
at  a  lti|;h  temperature,  combines  rapidly  witli  tJio  oxj-jjen. 
parts  l)y  weight  of  the  nnliydridc  were  thui  found  to  Motaii 
of  iiitrogeu ;  the  dctieiency,  74'  t,  b  oxygen :  or  14  parts  of  nl 
are  anited-witli  40  of  oxygen. 

(joj)  Common  ImpHrilies  of  the  Acid. — Ilydratcd  nil 
it  liable  to  tic  contnminate<l  with  a  variety  of  foreign  rukt 
which  sulphuric  acid,  chlorine,  potash,  and  oxide  of  iron 
moat  frequent     It*  luua)  yeJlow  or  rnl  eolour  i»  omajf 
presence  of  some  of  the  lower  oxides  of  nitrogen.     It  »lioiiW] 
no  fixnl  residue  wlieii  evuiiorotcd  on  a  slip  of  gliM,  and  gn 
precipitate  when,  after  dilution  with  three  or  four  times  it 
of  water,  it  n  tested  for  stdphnric  acii)  with  nitmic  of  boryC 
for  chlorine  with  nitrate  of  titvor.     It  may  reuddy  he  oli 
free  from  all  iminiritie»,  except  the  lower  oxideo  of  uit 
distilling  it  a  second  time ;  if  chlorine  he  present,  nitmtc 
may  he  added  ."o  long  a*  the  silrcr  t>alt  oceasiOM  n  pr 
or  a  silver  coin  may  be  di«w1ved  in  the  acid,  aAcr  nhicb  1 
licslion  may  be  procewled   with.     The  lower  oxidr*  of  uB 
may  be  remoTcd  by  diluting  the  ncid  with  water  till  of  a 
not  exceeding  1*43,  and  then  distilling  with  2  or  3  por 
bichromate  of  potash. 

Nilraiet. — -Nitric  aeid  is  monobasic;  that  is  to 
atom  of  acid  requires  i  atom  of  a  base  like  jiotash  to  net 
the  falls  which  it  forms  are  termed  mtratts.  These  valta 
procured  without  difficulty  hy  dis»olriDg  either  the  metal  il 
its  oxide,  or  its  ear)>onaic,  in  nitric  acid  more  or  IcM 
Many  of  the  nitrateei,  iiiclmling  iIiohc  of  polash,  Boda, 
ammonium,  baryta,  lend,  and  silver  are  Butiydroui-.  Othr 
bine  with  6  atoms  of  water  of  crystallix»tiou ;  iiti 
the  salts  of  magnesia,  nine,  nickel,  cobalt,  protoxidi- 
eopper ;  whilst  in  othera  the  pni|)ortioit  of  the  water  >•  dll 
nitrate  of  lime  n:taiuing  4  Aq,  and  nitrate  of  strontia  5 
cr}'fttallixed  at  a  high  tt<m|iemtiirc  nitrate  of  copper 
3  Aq,  and  nitrate  of  strontla  may  be  obtained  in  the 
form.  No  aeid  nitrates  are  known  to  ciitt,  hut  MVerul  aul 
may  l>c  procured ;  that  is  to  say,  kalts  msy  ho  Airri-^  -> 
tain  more  than  t  atom  of  (use  fur  each  atom  uf 
iiiitunnr,  as  Riibnitmlt-  of  cojipir  {4  CuO,NOj-t  j  liO>. 
the  nitrates  fiw?  n-ailily  when  htiilcil :  at  an  etevalctl  tei»| 
they  an  all  decoin[Kini.<d,  and  in  most  coses  the  pum  oxi^ 
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u  left.      When  throvn  mi  glowing  coals,  tlie  nitrates  arc 
inaposcd  witb   acintillatiun ;    if  paper  be  moietcncd  with  the 
Ition    of  any  nitrate,  allowed  to  drr,   and   then   burned,  tbo 
dcring    cvmhustion    ctiaractcristic   of   toiich-pnpf^r  will    be 
Inced.       TLiB    ijro)ierty    is,  however,  al^to    exhibited    by   the 
of  some  other  acids,  of  which   the  chloric  U  the  moat 
It. 
There  i«  DO  ready  method  of  precipitating  nitric  acid  from  its 
itionA,  since  at)  ibi  comi>ouiidR  ure  diftnolved  by  water  more  or 
freely.      Varion*  indirect   methods  have  been  pro|M>«ed  for 
iiiing  iti>  presence.*     One  of  the  l>est  of  these  consista  in 
vtnlizing  the  solution,  if  acid,  witb   potash,  and  vvaporuting 
4j  to  dryness ;  then  adding  ii  fuw  copper  clipping,  and  heating 
mixture  with  a  little  oil  of  vitriol :  the  cop|}cr,  by  combining 
a  portion  of  the  oxygen  of  the  nitric  acid,  <leeompo9ca  the 
if  present,  and  characteristic  red  furacs  of  peroxide  of  nitrogen 
themicdvut.     A  qnautity  of  the^  fumes  loo  small  to  be 
hibie  may  be  rendered  evident  by  suspending  in  the  ressol  a  piece 
Tpaper  moistened  with  a  mixture  of  utarch  and  enlulion  of  iodide 
of  potassium,  which  will  become  blue  from  liberated  iodine.    A  still 


^*  Hie  scctinitc  (jiuuttiUtire  dctcrmiantion  ofnilric  si.nd  wlipn  mix^d  irith 
'  aeids  i*  m  malUr  of  conndcrabK-  dilGmiltj.  One  niiMliud  L'aDHiatii  in  the 
on  of  tbe  ncid  into  &mmouis  aud  tliv  aubvequiMil  dcteruiLiintiou  of  the 
Bt  of  ammonia  foAiad(ji  i).  Auotbi-r,  wliicli,  nh«Dlhc()iiui)tity  nf  nitric 
aM  ■  rcry  nnall,  furiiislM*  csc(>ll«ot  reiutts,  i*  that  prcipnai'il  liy  I'liijli  ( Q  .J. 
OrM.  Soe..  tii.  _^).  It  i«  bMcd  upcin  tht>  dotAnniuKlinn  of  ilin  nnioiiat  of 
(nloebUiridc  ol  tiu  wkieb  itconvcrtcil  inUt  bichloride  ofiinnhcn  tlic  ncilutiou 
a  kt«t«l  wiiU  nitric  acid  in  pn.-Miiae  of  aa  extfess  of  hyiiroclilorio  ni-id.  A 
ttruin  qoaalily  of  tlvt  cotitwotrBled  aoluliuu  euutainiiii;  (li«<  nitric  srid  to  bn 
lM«min«d  is  iuiroiluoFdiutoBtiroDK  tubt<.  andakuOKu  volume  of  a  nolution 
•rprolochloTi4c  of  tin  in  »  lar^  exi-M*  of  liydrochlorio  scid  i»  added,  the 
VNa|rtb  of  the  tin  (olutioD  hann);  been  atoertninrd,  by  the  unc  of  a  lUadard 
Mhtioa  of  bicbrotDatc  of  paUtit.  Care  la  tnkrn  to  t'cnploj  an  extent  of  tiie 
iBMJvtioa.  A  fnftaicnL  of  marble  ia  dmppi^d  into  the  IvMif  »o  an  Lu  produee 
■•aaably  a(  earbuuic  aoid  lutBdc^ul  to  didptaci'  llie  atinoaplicriu  air.  The 
Ism  is  ihra  caKfidly  tralvd  and  (•xpo«t>d  (or  hIiouE  a  qunrtor  of  an  hour  to  a 
taapcralure  of  340^  It  ia  allo^eil  to  t'ool,  nnil  ilir'  (■■.■iiitont*  of  the  tube  aro 
ant  mnafrrrrd  to  a  ginM  and  diluted  iritli  tlm'e  or  fuur  oiin<^M  nf  nntcr.  a 
W  drop*  aim  irrak  jtolutionof  iodide  of  poIjUKium  nnil  atnreh  are  llicn  addi^cl, 
Mt  tha  anouat  of  tia  ilill  reniaimnK  m  the  form  of  nrutaiulL  in  tU-terniiut^d 
l|f  tke  addltioaora  ffradualud  solution  <.>f  bii'liro mate  ot  potuali.  until  ttiv  Ii<|i>iJ 
tanoic  tilue  from  ibi!  libontion  of  iodine.  Tbe  reai.'liou  upou  wbicli  Itlis 
fraeaw  il«p«nd«  may  he  thus  exprf8««d  :— 

HO.NO,+8SnCl+9nci=H,Na+RSnCl,+6nOi 

iW  altrio  aidJ  being  wholly  conrorted  into  ammonia  durini;  tliv  opemtton. 
IW  JiffiFreDW  b*4we«n  tlic  amount  of  tiie  bichromnle  onsinsliy  required  to 
pRnudizo  lb«  qototitjr  of  the  tin  aolution  employed,  and  tUnt  actually  eoa- 
wdmI  aft^r  tbe  cipcnmeat  i«  Of  cr,  yields  (be  data  for  fixing  the  quantity  of 
onncaeid  ;  j93*:{gni.  of  biGhromalaofpotaabrepreaebt^iofiutricacid  (XO^). 
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mn  «i 


sin«!lcr  quantity  of  tbc  acid  mty  be  detected  by  mixiog  ' 
ijuuntit}'  of  n  DOQcentratcd  »o1utiuii  uf  pneeii  aulphate  of  iron  ' 
tlio  liquor  to  be  tested,  and  graduall}-  allowiug  the  (hI  of  vitriol 
flow  into  tbc  wltitioii  ko  u  to  furtu  a  dbitioct  stntum  IidtH 
lu  tbis  case  tbe  cbaractcristic  actioo  coiutetx  in  the  fonnstS 
the  line  of  contitct  twlweeii  the  two  liquidn,  of  a  browmiM 
Bolutioo,  the  colour  of  whicb  disappears  oq  boiling ;  the  cokca 
depends  upon  tbe  fact  thul  the  deutoxidc  of  uitrogcu  nliidl 
formed  by  tbo  deoxidizing  aclioa  of  oac  portion  of  tlic  iron  i 
becunica  disMilvcd,  with  the  distiiiciivc  brown  colour,  in  tbiM 
tion  of  tbe  unoxidized  part  of  tbc  salt;  the  dcoii<Utioa  ofj 
nitric  acid  nhieb  occurs  may  be  reprewutcd  iu  tlie  follonu] 
tioo,  otnittiog  tbc  water  iu  tlic  two  acids : — 


(roB. 


Sulpb. 
AciU. 


.SxrliT 
AM. 


BHq<ilnil|AHl>«f 
inn. 


6  (FeO.SO,)  +  3  SO,  +  NO,=3  (IV,0,.  3  SO.)  +  N( 
If  a   few  drops  of  hydrochloric  avid  be  added  to  a  i 
which  conininii  free  nitric  ncid,  or  a  nitrate  iu  »ululi<in,  ih«n 
nc<|uircs  tbe  puwcr  uf  diHwIvtii);  guld  leaf.     Thi«  cITcrt,  bont 
ia  produced  by  hydrochloric  acid  in  solnliona  of  tbc   ohlonj 
bronatvs,  and  iudate^ ;   but   the  presence  of  tlicsc  aalta 
detected  by  other  characters  (321,  330,  333). 

(306)  Photosipe  or  Xitbooes,  or  Sit/6M  Oxidf,  (K< 
5^.  Gr.  1-527;  Comb.  Vol.  7.^Prc}»a-iilion.~l.  If  wit 
diluted  wilh  8  or  10  parts  of  water,  be  digested  on  nieinllici 
tbc  metal  deoxidises  tbe  ncid,  and  a  culotirh-iM  ga>  is  klovty  f| 
off,  coa))KM«d  of  I  atom  of  nitrogen  uiiit»l  with  t  of  oxygen.  1 

3. — But  to  obtain  the  gas  in  a  pure  state  it  i>  far  better  tdl| 
uitrateof  ammonia  (MjNO.NOJ.  (tlie  suit  furnished  by  im  ■  '■ 
pure  nitric  acid  with  earbouate  of  ammouia)  in  n  gluMi  i 
salt  (luiekly  melts,  and  at  a  temperature  of  betmecn  400°  andj 
apiwrcBtly  liegins  to  boil,  but  iu  reality  it  is  under):  '  '  ^ 
sition,  by  wbieb  it  in  entirely  rcwdved  iulo  the  gi'> 
of  nitrogen  and  steam.  The  temperature  must  be  cai«lullj  watci 
and  not  l)e  allowol  to  rise  am  high  a*  to  occasion  the  prudt 
white  va|ioun»  in  tlie  retort,  because  the  dccolIl|x■^itian  is 
to  occur  with  exploftive  Tiolenec.  Tbc  reacltun  may  be  espti 
M follows; — Ammonia  a  a  compound  of  nilrof^n  with  byi] 
wlwwi  ibo  nitrate  of  ammonia  in  bwitcd,  ihr  hydrogen 
nioiiio  <  n  iib  iwit  of  ibff  0LyK*^i  of  the  nitric  1 

water,  w; „  uitn)|(uD  of  llic  ammonia  at  tticMmcl 

oxidiacil  m  lliu  cifK-uK-  of  uiotbcr  put  of  the  oxygen  o( 


watci 

espta 
ilh  byiU 
■n  ofj^l 

tijin 
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Tlie  result  'n  tliat  tlie  whole  of  the  nitrogen,  both  of  the 
■ttric  nci^  and  of  the  ammouia,  U  liberated  m  tLe  form  of  prot- 
osidc  of  uitrc^en ;  thus : — 

Simta  ot  *mmnni>«  ^c40t.  dHrof  n.     Water, 

An  onnoc  of  the  salt  furnishes  about  300  cubic  inches  of  the  gas. 

^. — L.  Smitli  ailopu  a  modification  of  the  foregoing  process  for 
fRparing  the  gas :  he  decomposes  sal  ammonJnc  by  mcaug  of  nitrio 
■bd  (of  sp.  gr.  1-30)  at  a  gentle  lieat.  Tbegaa  which  >«  obtained 
b  this  manner  is  not  pure,  hat  is  contaminated  with  smnll  <|nan' 
litiM  of  chlorine  and  of  nitrogen;  the  chlorine  may  be  removed 
bf  allowing  the  gas  to  bubble  up  through  a  solution  of  potash. 
Adtantage  may  sometimes  be  taken  of  thin  action  of  nitric  acid 
on  m1  aoimotiiac  to  destroy  an  excess  of  muriate  of  ammonia  in 
saiuiian  in  the  course  of  an  analysis. 

Propertia. —  Protoxide  of  uitrogen  is  a  transparent,  eolourlesa 
with  A  faint  sweetish  smell  and  la«tc :  100  cubic  inches  of 
at  32°  dissolve  130  cubic  iuches  of  thegaa  ;  at  59°,  77  cubic 
;  and  at  75^  ouly  60  cubic  inches  (Bunsen),  Ontng  to  this 
lerable  diminution  in  solubility  with  the  rise  of  temperature, 
irM  bo  collected  over  warm  water.  I'niktr  &  pressure  of  50 
aluospbcres  at  45^,  it  is  reducible  to  a  oolourlesa  liquid  of  »p. 
p.  at  45'  of  0'9o8.  It  boils  at  about— 136°,  and  may  be  frozen 
into  a  transparent  solid  at  about— 150°,  When  the  liquid  prot- 
Dodewaa  mixed  with  bisidphide  of  carbon  and  exposed  to  erapora- 
ban  r«  vacHO,  Nattcrcr  obtained  a  rrdiiotioii  of  ti^mpernture  which 
Ilg  estimated  at  — 320°  V. ;  this  ia  a  lower  point  than  has  hitherto 
been  attained  by  any  other  means.  The  gaseous  protoxide  of 
iiil»g«u  has  a  specific  gravity  of  I  '537,  which  coincides  with  that 
flf  carbonic  acid.  Thia  gas  possesses  the  qualities  neither  of  an 
acid  nor  of  au  alkali.  It  supporLt  the  combustion  of  many  bodies 
fitb  a  brilliancy  resembling  that  which  they  exhibit  when  burned 
fa  oxygen,  ll  it,  however,  nt  once  distinguished  from  oxygen  by 
%  eonaidcTablc  solubility  in  water.  A  glowing  match  bunts  into 
ItBU)  when  plunged  into  the  protoxide :  sulphur  when  kindled 
Wu  ID  it  with  a  pale  rose-coloured  flame. 

Soon  after  the  distwvcry  of  the  protoxide  of  nitrogen,  Dary 
aoertained  Uiat  it  may  i>e  respired  for  a  few  minutes :  it  then 
podooes  a  singular  sptrcics  of  transient  intoxication,  attended  in 
naiiy  instanced  with  an  irresistihle  propensity  to  muscular  cxer- 
1)00,  and  odea  to  nncontrollablc  laughter;  heucv  the  go-t  has 
■Bjoircd  the  popular  name  of  lauffhirir/-^as.     UiQi^rcnt  individuals 
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nre  affected  in  diUcrcnt  degrees  and  in  vuiou»  wnj-M,  aocorillii^  to 
the  temperament  of  each.  In  pletlioric  jiersouB,  vlici'c  thmii 
any  tendency  to  over-active  ctrciil&tion  thruugli  the  brain,  the  a*^ 
perimcnt  ia  not  a  »ti(e  one.  The  iutoxicatiog  cdectA  pof^  off  in  ■ 
few  minutes,  and  frcqucntty  no  recollection  of  what  ha*  juuutd  ii 
retained,  and  no  lanftitude  is  i>erccived  after  tlic  extreme  exertion. 
\^'hen  the  gas  is  to  be  respired,  great  attcTitJou  to  itjt  ptiritj  it 
requisite;  the  nitrate  of  antmonia  from  which  it  is  prepared  inuU 
he  jierfectly  free  from  hydrochloric  acid,  as  otlifrwi»e  u  httic  cbloriM 
might  be  )ll}erated,  which,  if  Itreathed,  would  be  highly  initatiog' 
to  the  lungK. 

CompoxUlon. — If  protoxide  of  nitrogen  be  passed  repeatedly 
tliroiigh  a  porcelain  tube  heated  to  bright  rcdncis,  the  gas  ia  de- 
composed into  a.  mixture  of  oxygen  and  nitrogen,  2  volumes  b^ 
c-omiiig  expanded  pcrmauciitly  into  the  space  of  3  volumes.      An 
easy  method  of  miitlysing  the  protoxide  of  nitrogen  consists  nk 
mixing  it  with  bydrc^cn,  and  passing  an  cicrlric  spark  through 
the  mixture.     If  4  measure^)   of  protoxide  of  nitrogen  be  mi: 
with  an  excess  of  hydrogen  gas,  say  with  6  measures  of  hydrogcai 
in  the  bent  eudiometer  (fig.  2^7],  10  menaurea  of  mixed  gaa  will 
be  produced ;  and  on  transmitting  the  electric  spark,  inflsminatioii 
will  occur ;  rteum  will  bo  formed  by  the  oxidation  of  the  hydn^^o, 
and  will  bo  immediately  condeitM:d ;  -  the  10  measures  will  thin 
he   ri-dneni  to  6 :  but  the  quantity  of  oxygen  contained  in   tl» 
protoxide  of  nitrogen  ennnnt  be  at  once  inferred  from  this  changft 
of  bulk  :  before  this  can  be  done  it  is  ueedfid  to  jutcertaiti  hcnr 
murh  hydrogen  is  left  in  the  niixtnre.     This  may  be  cficetcd  by 
mixing   the   6   remaining  measures   mith   3   meiianrea  of  oxygen, 
thus  making  K  meaaiircH,  and  again  transmitting  the  electric  spark, 
Steun  will  again  be  formed,  and  immediately  condensed,  the  8; 
measures  of  the  mixture  will  now  be  reduced  to  5  ;  3  measures  of 
the  gas  will  therefore  have  dissiipcarcd,  two-thirdi  of  wbicb,  or  S 
mpaiiureA,  are  by<lrogen  :    1  measure  of  the  gas  now  left  must  coih 
Kcqiicutly  be  oxygen  which  was  added  tn  cxceM,  and  the  reraaiDiiij 
4  nieaaurea  are  nitrogen.   Of  the  6  measures  of  hydrogen  origiuaUjj 
added,  4  have  Ihercforc  combined  with  oxygen  derived  from  tM 
protoxide;  and  since  4  measures  of  hydrogen  require  2  raeaaurea 
of  oxygen  for  conversion  into  water,  the  4  measures  of  the  prot- 
oxide  must   hove  coutaiucd  a   ine!i«iire*  of  oxygen.     It  apiwars, 
alwj,  that  protoxide  of  nitrogen  contains  its  own  bulk  of  nitrogen, 
since  the   4  measures  of  the  gas  originally  employed  fumnb  M 
measures  of  nitrogen  ;  this  nitrogen  is  moreover  so  combined  wiUi 
3  measures  of  oxygou,  that  the  6  nieasurei  of  the  two  gaaes  wbeqj 
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uolted  bare  coiidiiiM^d  into  tlic  space  of  4  mcasnresj  or  into  two- 
thirds  of  tlte  Ijulk  wliioti  'liey  occapied  witeo  §opaFate.  The 
ipedfic  gravity  of  the  giu  sliows  that  this  conclusion  i«  corr«;t, 
fior  100  cubic  inches  an;  found  h;  ex|>crimeiit  to  weigh  bctirccn 
47  and  48  grains,  and  by  calculatioa  wc  Rut]  that  such  should  be 
tbe  caae,  for — 

Qnjni.     By  rtl,      Bp^  |r. 

100  «il).  in.  of  nilro([«i  wHch     .    .    .    30"!  J  or  i"o  =  0*971 
Sacub.  ia.  of  oiygcn  <«i;>g;h  .    .    .    .     i^'io      0-5  =  0-5318 

TTi«7  gire  too  cub.  in.  of  protoiids  of  (  _  g 

nitwgm.  and -tigh    .   V  .    .    .     J  ■*' "       1  o  -  i  3138 

The  proportion  of  nitrogen  contained  in  the  goA  may  also  be 
•Kcrtaiued  by  means  of  pota&sium :  for  if  pota^aiuni  bo  hcatud  la 
proloxidoof  nitrogen,  it  burns  vividly,  and  isconvcrttnl  into  )iotash, 
leKTing  a  volume  of  nitrogen  equal  to  that  of  the  gas  employed. 
TIic  composition  of  this  gaa  may  therefore  be  thus  reprexcnted: — 

Nilrogcn  N  =     14    or    61-64        a  toIs. 


(307)  I>ECToiiDE,  or  GiNOXiDB  OP  NiTBooEN  ;  Al/Wc  Oxide, 
{K0,=3O).  Sp.  Gr.  10,^9;  Comb.  Vol.  :^. — Preparation. — -i.  If 
nitric  aicnd  be  diluted  with  twice  its  bulk  of  water,  »o  as  to  reduce 
it  to  8  BpeciBc  gravity  of  about  la,  and  be  poured  upon  copper 
cEppioga  or  metallic  mercury  placed  in  a  retort,  brisk  action 
speedily  occurs ;  a  gentle  heat,  if  necessary,  may  be  applied  until 
it  cxMnmenccn;  the  retort  becoiiie»  filled  nitli  red  fumes,  and  a 
j^u  i»  disengaged,  which  if  coltectcd  over  water  will  be  found  to 
be  colonrlesa.  Duriu)^  this  decani  position,  each  atum  of  nitric  acid 
loaei  3  atoms  of  oxygen,  and  gives  off  1  atom  of  dcutoxide  of 
irilrogCD,  the  metal  taking  oxygen  from  one  portion  of  the  acid, 
and  forming  an  oxide  which  combines  with  a  portion  of  the  uudc- 
composed  acid,  Tbe  following  eqtialion  shows  tlie  reaction  which 
eonin  lietneen  3  atoms  of  copper  and  4  of  nitric  acid,  resulting 
in  the  formation  of  1  atom  of  deutoxide  of  nitrogen  lukd  3  atuuis 
of  nttrat«  of  copper  : — 


Bitruiiui. 


J  Co  +  4  (HO,  NO,)  =  3  (C«0,  NOJ  +  NO,  +  4  HO. 

a. — The  deutoxide  may  also  be  obtained  perfectly  pure  by  digcst- 
iiu;  hrilrocbloric  acid  with  iron  filings  till  it  will  dissolve  do  more, 
4tantin^  the  clear  liquid,  aad  adding;  to  it  it^i  own  hulk  of  hydru- 
ehlcvic  acid :  on  placing  the  solutioD  in  a  retort,  and  addiug  nitrate 
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of  potash,  the  d«utozi<Ie  of  nitrogen  is  immediutely  evolved  h 
large  quantity  (Pelouzc).  Tbe  reaction  i§  not  so  umplc  as  in  tb> 
preceding  case ;  it  is  represented  as  follows  : — 


Iran.  uid. 


Xlinuuf 


boQ, 


W.wr. 


Chla.of   DMlOLtr 


6FeCI+4nCl  +  KO,N05  give  3  (FcjCy +  4  UO  +  KCl  +  NOy 

A  simple  roodificntioii  of  thi*  method  coiiHiHts  in  placing  in  a 
retort  i  ounce  of  commercial  nitre,  8  ounces  of  protosiilphjitcof 
iron,  and  pouring  upon  them  half  a  pint  of  diluted  suljihnric  acid 
(i  ounce  of  acid  to  3  ounces  of  water).  Such  a  mtsturc  will  gite 
nearly  400  cuhic  inches  of  pure  dcutoxide  of  nitrogen. 

Compo»Uion. — The  couiposition  of  the  dcutoxidc  cannot  bo 
ar>certained  by  detonation  with  hydrogen  ;  for  eijual  volumes  of 
hydrojjcn  aiid  of  tbe  deuto&ide  burn  quietly  with  a  grceu  flame  on 
the  approach  of  a  burning  Imdy.  I>avy  ntialyscd  the  deittoxiiie  of 
nitrogen  by  beating  charcoal  strongly  in  it ;  4  volumes  of  tlie  gu 
by  this  treatment  furnish  3  rolumcs  of  nitrogcu,  and  2  volumes  of 
cnrlmnic  acid  ;  but  rarbonio  add  contains  its  own  vohimc  of 
oxygon  ;  the  dcutoxidc  must  therefore  have  conMsted  of  3  vutumea 
of  nitrogen  united  without  contleiisation  with  2  volumes  of  oxygea. 
The  density  of  the  gas  confirms  the  eorrcctncM  of  this  r<»ult,  for 
by  experiment  100  cuhie  inches  weigh  rather  more  than  32  graiiu, 
and  by  calculation, 


g«  cubic  iuchet  of  nitrog«i  wuii{h  , 
50  cubic  iuuLtM  of  oxygen     ■    .    . 


til*.  Bt  t«l-  1^-  ft, 
i50(iorO"5  =  0  4{I6 
i;io      05  =  o-35> 


loooubia  inches  of  binoxid«  of  nitro^Pn  .    33'i6       10  =  1-038 

Potasainm  bunia  when  heated  in  the  gas,  pota»h  being  produced 

If  the  experiment  be  conducted   in   such  a  manner  as  to  allon 

the  residual  gas  to  be  measured  after  the  corohuslion  is  over, 

volumes  of  the  deutoxide  will  be  found  to  leave    1    volumes  < 

nitrogen.     A  similar  result  i»  obtained  when  tin  is  bcntcd  in  th 

gas;  conscquenily  its  composition  m»y  be  tliu»  represented  : — 

Niirt'jjen  N    =^  i^oi  ^^C-j        3  volt. 

Oxygen  O,  =  16      53'33 


n   =  14  I 

o,  =  i5 

JNO,=, 


3  vols. 


10000 


4    TOl». 


Dciitoiide  of  _ 

nitrogen       1  ""»  -  2" 

Propertien. — Dento.iide  of  nitrogen  has  a  strong  disafrroenbl 
odour,  and  cannot  be  respired.  It  has  hitherto  resisted  all  attempt 
to  liquefy  it.  Water  docs  not  dissolve  more  than  ^tli  of  itx  bol 
of  tliis  gas. 

The  deiitoxidc  is  the  most  stable  of  the  oxides  of  nitrogen,  w> 
may  be  exposed  to  a  red  heat  without  undergoing  dccompoftition 
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hut  a  nncceitsion  of  electric  ninarkfi  oonrerts  it,  if  it  be  moi^t,  into 
%  mislurc  of  Ditrogcu  and  bydratcd  nitric  acid :  and  if  digested 
upoD  tDoiMteoed  iron  filing*,  or  a  moist  stdpliide  of  odc  of  the 
alktlinc  metals,  it  is  alowlv  converted  into  protoxide  of  nitrogen. 
Manjr  liurning  bodies,  mucIi,  for  ini^t&ncc,  km  a  lighted  taper, 
or  phosphorus  just  kindled,  are  extinguished  when  plunged 
tato  the  ga» ;  but  a  decomposition  of  tlic  ga«  will  be  effected  if  the 
phQAfihorus  be  burning  vigorously,  and  it  will  deflagrate  with  a 
lirilliaac}'  cqiml  to  that  produced  bj  its  eombustioti  iu  oxygen. 

Ueutoxide  of  uitrogeii  ia  completely  alworbed  by  a  solution  of 
protosolpbatc  of  iron,  with  which  it  forms  a  deep  reddish-browa 
Bquid.  All  the  Hultx  of  the  protoxide  of  iron  exert  a  similar  action, 
and,  according  to  Peligot,  4  cquiv-tilcnts  of  the  salt  of  iron  absorb  i 
eqntralcnt  of  lh«  dciitoxide,  the  iiolution  in  the  cu^e  of  the  nulplinte 
Motatning  4  (FeO,SOj)+>iOj.  The  deep  colour  of  the  liquid 
tlnu  formed  is  employed,  aa  has  alremly  been  mentioned  (305),  fur 
tiie  jmrpoae  of  ascertaining  the  presence  of  nitric  acid  in  solution. 
Hm  brown  liquid  absorbs  oxygen  rsipidly  from  the  nlr  or  from 
gwooos  mixtures  J  whea  heated,  most  of  the  dcutoxidc  is  expelled 
fram  it  onchangod.  Solutions  of  the  sittts  of  the  protoxide  of  tin 
ind  of  sulwxide  of  mercury  also  absorb  the  dcutoxide  of  nitrop;en, 
but  they  undergo  change,  and  tht^  gas  citniiot  again  \n:  i-xpellcd 
fmtn  tbctn  hy  heaL  Nitric  acid  likewise  rapidly  absorbs  the  gas : 
if  the  acid  be  concentrated,  the  Kolution  becomes  reddish  brown  ; 
if  more  dilutc^l,  it  is  green ;  if  still  weaker,  the  solution  is  blue,  but 
if  diluted  below  a  specific  gravity  of  ri_5,  little  of  the  ga»  is 
ibsorbed  and  the  iici<l  rcmiiins  colourless. 

The  (leutoxide  of  nitrogen  is  neither  acid  nor  nlknlinc  in  its 
dtsTacters.  It  ba*,  howerer,  a  very  powerful  affinity  for  oxygen, 
tad  to  thi--<  eifcuoistancc  is  owing  one  of  the  most  charnctcristic 
ympcrtics  of  the  gu.  When  mixed  with  oxygen,  or  with  any  gas 
mBtaining  uuoombincd  oxygen,  dense  red  fumes  are  produced. 
Thew  red  fumes  arc  freely  soluble  in  water,  and  furnish  an  acid 
fiqaid.  Formerly  tins  circumstance  was  employed  to  determine 
llu!  qiiautity  of  oxygen  in  mixture  with  otlier  gases ;  but  the 
■etbod  is  now  abandoneil,  as  the  absorption  is  not  uniform,  owing 
lo  the  rurmation  in  uncertaiu  qiiantity  of  a  niixtiim  of  the 
Hdnhle  oxides  of  nitrogen.  It  may,  however,  be  used  vnth  advan- 
tige  a>  ■  qnalitatiTe  test  to  demouslratc  the  existence  of  uncom- 
liiaed  oxygen  in  a  gaseous  mixture. 

(508)  NtTBODs  Acid  ;  or  NUroof  Anhydride  {formerly  known 
H  BfpoKitrau  Acid)  (XO^),  or  (X<J,=38).  Preparalion.—i.  By 
niiing  iu  ta  exhaoftted  flask  4  volumes  of  dcutoxide  of  nitrogcu 
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with  t  volume  of  oxygen,  both  in  «  perfectly  dry  state, 
rei3  fumes  of  nitrous  uokI  arc  fumict),  which  nt  a  Innpu 
o"  F.  booome  condensed  into  a  bluv  very  volatile  liquid. 

3.— Nitrous  acid  may  bImi  Ijc  obtuiuttl  tii:arly  in  a 
purity,  by  licating  in  a  cap^oua  retort   i   ]>iu-l  of  !4arch 
part*  of  nitric  acid,  of  ep.  gr.  r33:  it  may  Ur  drinl  by 
it  over  chloride  of  calcium,  aud  may  iheii  l)c  liquefied 
I»i»iion  througli  a  V'sbiipcd  tube  surrouiuUtl  l>y  a  tnixti 
and  salt. 

PropfTtitt. — ^Watcr  imnimliatdy  decompo»ca  the 
into  nitric  acid  aud  deutoxidc  of  nitrogen :  tlie  presence  of 
quantity  of  water  convert!)  the  blue  intoa  dark  grc«n  liqni 
larger  quantity  deconi[>oscs  it  with  elTcrrcscence :  nitrii 
Ibnncdj  and  deutoxidc  of  iiitrogcu  c«capc».  This  rcacti< 
thus  represented : — 

3  HO +  3  (NO,),  give  a  (H0,N0,)+4N0,. 

THongh  ID  its  uncoinliined  form  nitroiiB  acid  is  dccot 
\iith  b>uch  facility,  yet  it  forms  [icrmancnt  compounds  « 
alkalies:  these  valts  arc  called  nitrite*.  If  deutoxidc  of 
be  placed  over  a  solution  of  caustio  potash,  aud  umall  igua 
oxygen  bo  added,  nitrite  of  potanh  is  produced  io  the  liqi 
if  uitrc,  or  nitrate  of  soda,  be  heated  to  redne!>s  until  the  g 
is  evolved  begiiiH  to  conlaiii  iiitrtigcn,  the  residue  will  be 
be  oomposoil  cbiitly  of  nitrite  of  {lolaah  or  soda.  Thi 
arc  fiolubic  in  alcohol,  and  may  thus  bo  soparated  from  tl 
sponding  Qitraies,  which  are  inmlublr.  The  nitrites  of  po 
aodai,  and  tlic  monohaKic  nitrites  of  nilver  and  lead,  are 
If  the  nitrite  either  of  potash  or  of  soda  be  diaaolred  iu  i 
nitrate  of  isilvcr  be  iwlded,  a  ipariogly  wloble  anhydrotis 
silver  is  precipitated :  by  dweotving  this  precipitate  in  h<; 
it  it  obtained  pure  in  crytitaU  as  tltc  liquid  cooU.  Whei 
meut  of  nitrite  of  potash  in  moistened  nitli  a  solution  of 
of  copjier,  it  produces,  a  brilliwit  (trcvn  solution  nf  nitrite  G 
the  colour  of  which  is  quite  eliaracleriftic.  The  addition 
diluted  sulphuric  acid  to  a  s4iluiion  of  a  nitrite  dccuatfi 
wit,  and  Ihi;  liijuid  then  Itcfumrx  of  a  bnjvntsh'red  a 
Milling  a  solutiou  of  prutottulpltale  of  iron.  The  nitrite* 
be  distjnguislird  fmin  the  nitrates  since  the  latter  do  no 
cokwr  when  similarly  treated,  unleM  heat  be  applird. 

Acid  wlutions  oftlic  nitrates  dotroy  the  blue  t- 
ontinary  Uiiipcralitn.-» ;  tUry  bIcBdi  the  pcmaogaiMit;  u> 


JItTRODS  ACID— VtnOXIOK   or   XtTBOOBK. 


95 


|rimr1,r  Miliic«  tMchroni»te  of  potash  to  s  green  salt  of  chromium. 

lladiluridc  of  f^ltt  is  reduced  to  tht;  iDL-tallic  form  by  these 

\,iai  lino  •utmlu  rif  mcmtrv  ipvc  a  grey  precipitate  of  reduccil 

A  Tcry  miuutc  tmci:  of  any  nitrite  may  be  detected  by 

;  %  iMntc  Doliilioii  of  io<1ido  of  potassium,  free  froai  iodato, 

I  •anil  BUfI  a  little  diluted  livtlrucblonc  acid   (*p.  gr.  i'oo6) ; 

qad  to  be  tatfld,  after  being  acidulitted  with  hydrochloric 

,  i*  tlieii  to  be  added  to  the  test  mixture,  irlicti  the  blue  colour 

t  of  lUrch  will  ftfijiear,  eveo  wli«n  ouly  tracet  of  «  nitrite 

IffMHoB  of  tiitrit«s  iu  tlie  well  waters  of  towns  is  of  oom- 
3)ce,  probably  from  tlie  oiidntion  of  the  ammoois 
ouim&l  iiiatt«ni  in  the  soil.  Kitrous  acid  b  formed 
Ruoata,  wtiea  the  latter  is  in  contact  with  atmoispherie  air 
ptOMRice  nf  platinum  black  (823),  or  of  u  coil  of  heated 
tun  wire;  if  a  coil  of  red-hot  platinum  wire  be  held  in  a  jar 
■moiiinted  with  a  few  drops  of  a  strong  solution  of  ammonia, 
lAoMS  of  nitrate  of  ammoDia  will  be  formed.  The  contact 
:  copper  in  :>t)ll  more  cfTectiial  in  promiiting  the  formation 
I  add  from  ammonia,  when  free  oxygen  is  present :  if  a 
V  of  imlvenilciit  co])))t!r  be  Hltukcii  up  in  a  bottle  of 
<  <■  drup&  of  a  Milutiou  of  ainmoniu,  the  oxygen  will  bc 
in  a  lew  minuta,  nnd  nitrous  acid  will  be  found  in  the 
Jbtcn  bright  slips  of  copgier  effect  a  similar  oxidation  of 
ft,  whilst  oxide  of  copper  is  formed  simultaneously, 
of  tb«ae  pl^tomena  is  obscure ;  they  belong  to  the 
Ticlioiift  oonmiinly  kuowii  a*  catalytic  (859,  S6i). 

PaBotiDR  or  NiTXooEN  :     I/i/pmiUric  Acid   (formerly 

010  Aeiil),  {^0^  =  46).— Comi,.  yol.4;  Melting  Pt.  16"^',. 

t.  ;»'. — Prrpuratioa. — 1.  The  red  fumes  which  appear 

B{t  the  dt-utoxiilc  of  nitrogeu  witli  atmospheric  air  ooii»i»t 

of   jicnixido  of  aitrogcui    3   volumes  of  oxygen  and  4 

of  (lie  duutoxide  of  nitrogen  in  oombining  become  con* 

tntu  the*  apacB  of  4  rolumes ;  hooco  its  specific  gravity 

be    I '5^1-      Mitscberlich    found   it   by   exjwrimeiit   to 


S 
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?eroudo  of  nitmgen  va&y  be  procured  in  inisinatic 
pwrnug  4  voliitnea  of  llie  rleiitoxidc  •»))  s  toIudicb  of  a 
perfectly  dry,  ioto  tubes  pi-cviouBly  dried  vrith  Kn^ 
mi  c-oolcd  dowu  by  a  mixture  of  ice  and  nlL  (P<% 
Chimin,  III.  ii.  6i.)  These  crystals  melt  at  i6*> 
onlinnry  tinnpcmturc  of  the  air  they  form  an  ocu 
liquid,  which  boila  at  71",  and  produces  a  deep  red  vaf 
remarkable  tliat  aflcr  this  compound  baa  once  Iwen  me 
not  frcMc  even  at  o*".  This  substance  is  decomi; 
with  itin);iilnr  fikcility;  a  nitnutc  trace  of  wntrr  is 
prevent  the  formation  of  the  crystalline  compound, 
its  Htoad  the  produt^tion  of  a  green  liiiuii!,  probably  NO^, 
similar  to  tbat  obtaiucd  by  the  distillation  of  nitrate  of 
poroxicio  of  nitrogen  wax  long  consiilcrcd  to  ]M«iasacid 
and  hence  was  termed  nitrous  acid.  It,  however,  does 
into  oombiiintion  with  Imucs,  but  is  ininicdiulely  dccu 
them  into  nitric  and  nitrous  adds : — 

2N0^+3{K0,U0}  yielding  KO,NO,+  KO,XO,- 

Xuch  spcculattoD  has  been  indulged  in  aa  to  its  proba 
)iitioii.  Beraeliiw  latt^rrly  wsw  dispOHed  to  regard  tliia 
as  a  cgmbiustioD  of  nitric  acid  with  deutoxide  of  uitrof 
Iwing  represiented  as  {NOj,  iNOj). 

3. — If  nitrate  of  lead  be  dried,  and  beatfid  stzi 
snail  glnH  retort,  it  is  decomposed ;  deep  red  fuuea,  ei 
a  mixture  of  peroxide  of  nitrogen  and  free  oxyjfen,  am 
and  oxide  of  lead  is  left  ;  PbO.NO^  yielding  i>bO  +  0- 
tltc  red  vapour  be  made  to  jiau  through  a  bent  tube  sur 
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Ik  oT  tntrti^VD ;  t)ic  minutrst  trace  of  moutuie,  hoveTcr, 
nrt>  ibcta  into  the  liiiiiid  fonu.  This  liquid  is  iicai)y 
■>)m  Kt  0°]  it  becomes  fallow  at  14°  V.,  (tuil  nt  onliiuiry 
(-•■!—:  ii  nt\.  Jt  bm  »  spt-cilic  grarity  of  r+51,  boila 
frpTM*  »t— 40*.  It  emit*  n  Jmim  ivd  vapour, 
■b.  pjier  ill  tiut  lu  tho  teropcmtare  rises,  till  at  lOO** 

^■l>  Thi*  vik]>our  has  &  peculiar,  suflucntiiig  tKlour.  j 

^gf>  L<oailias(ioo  u(  a   Ijipcr,  and  of  luaor  buruingj 

m,  U  -mcr  bo  f^nduullj  mldnl  to  tlif  li^piid  |)crDKiilc  it  pmeon 
fof^  tjuym*  tints,  brcomiiiig  sucoessircljr  oran^,  yellow,  grcet^J 
k  um)  liiiitlly   colourk*^   a»  vfTcrvcMCcnce    hcitig   occaiiionedil 
M  tbe  «r|i(ile  tiinc  from  the  escape  of  deutoxide  of  uitmgca; 
Plj,  bi!rir  acid  id  abundance  a  formed  in  the  liquid.     The  ro> 
iw  ma;  ifc  tracetl  ta  follows : — 

3  HO+3NO,=N'0,  +  2  HO.XOi  | 

itetoxlde  of  nilro);rn,  011  mixing  with  the  oxrgon  of  the  nir, 
MUcra  tltn  j^eroxide  nf  iiitrug<rn  as  uftual.  The  difTercnt  tints 
^t  bv  the  liquid  during  dilntinn  appear  to  be  owing  tu  tlia 

ii>-  ilcnioxide  of  nitrogen  in  varying  projiortion  in  the 

niduced  by  the  decomposition, 
of  nitrogvu  may  be  disttinguiHlicd  from  nitroua  add 

:  (if  ini{>ar(ing  to  a  neutral   solution  of  sulphocyauide 
a  red  tint  closely   rtserahling   tlml   produced  in  tho 

<t    by   the  pcr»alta  of  irou  ;  an  excess  of  the  peroxide, 
b»r,  ■t;iun  renders  thu  liquid  oolouiieaft  (Hadow), 

:  Vint  inlluenne  nf  pni|iOTtion  \t\xm  the  products 

ii_' :  _ iiiion  is  exhibited  in  a  striking  light  by  tbeae 

^■pU  of  nitnigcn  with  oxygen.  The  same  elements,  accord* 
^Be  quantitiirs  in  which  tll^  arc  united,  may,  as  iii  nitric 
^■duoe  DOC  of  the  most  oormiro  compoundN  in  the  range  of 
^H  ;  or  may  give  rise,  as  ia  the  case  of  the  protoxide  of 
Ewi,  tii  n  •''  -■  atid   indixwmtiiig   gas,   nhich   may  he 

Mil  1!  "til    iiii,         _   ,  while  the  intermediate  eomhinatioos  ex- 
tie*  entirety  dilFurent  from  dllivr.     A  broad  diRtin<»- 
H|^y».    '  -1  Iwtwcca  the  results  of  mixture  and 

PmBRr  The  properties  of  the  atmosphere 

n0  Rwalla  of  simple  admixture;   the  cliomieal  qualities  of 
^■Kmaring  to  '  '^  diluted  by  it*  apjMrently  inert  com- 

IBwtmRHO  (jn-'  sweetness  of  sugar  is  re4lni;e<l  by  the 

Kn  of  Wtttrr  I  ;  whiNt  caeh  one  of  the  tme  combinatiooa  of 
bk  Jiibits  eliaractcrs  distinct  from  those  oC 
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§  II. — CoMPorxM  OP  NiTRooEs  vtna  IIvdrookk. 

Ammoma,  Volatile  Alkali,  or  Spirit  of  Hiirtthorn   (II,N: 
8p.  Gr.  0*59  i  f^*"^-  I'^^^-  4- 

(511)  This  important  compound  luu  recdved  tlie  Dunel 
moDia,  from  the  circumstance  of  its  having  Iwcn  obtaiucd 
ult  termed  8al  ammoiiinr,finit  procured  iti  Lili]m,Dfar  the' 
of  Jupiter  AmmoD.  Nitrogen  aud  h^rdrogen  do  not  combine  < 
with  cficii  other;  DeT«rt)i«Ic»»,  Uicir  indirect  comhinntioRj 
circumstaaco  of  continual  occiirreiice.  The  spontaneous 
position  of  moi»t  animal  matters,  wliich  contain  both  hydr 
nitrogcji,  and  almost  every  pioocaa  of  oxidation  in  the  pr 
moixtiirc,  i»  nttendcd  with  tliu  formation  of  ammonia.  | 
hydrogen,  at  the  moment  of  its  liberation  IVom  the  wi 
dcoxidntion,  ap)K'arM  to  enter  into  combinatioa  with  tbo : 
of  the  atmosphere,  vhich,  to  a  small  extent,  n  held  in 
and  thus  ammonia  ts  formed.  Moistened  iron  tilings,  if  1 
to  tlie  air,  become  nixty,  and  the  oxidized  componnd 
tminll  quantity  of  ammonia,  fltc  deoxidatton  of  dilute  nr 
by  the  mctaltt  alno  frctguently  gives  ri>c  to  the  prodi 
nmtnonia;  h^'*  '*n)gco  ftnd  hydrogen  are  liheratc*! 
noously,  -*er  undergoing  deoiiditioti  at 

time  that  the  aciu  »  ^^^*««|{.     IHti,  nu^  and  iron 

this  effect  in  n  marked  degree. 

Tliis  reaction  has  1)cen  use<l    as  a   means  of 
tjuantity  of  nitric  acid  in  »olutiou»;  for  by  diuoK 
•lowly  in  diluted  hydrochloric  acid,  an<l  adding  the  nitric  1 
in  naall  qnantitiea  at  a  time,  the  whole  of  the  nitric  add  ] 
rated  into  ammonia.    (Nesbil,  Q.  J.  C/ifm.  Itctr.,  i.  6S1.) 
k  mixture  of  3  voluraos  of  dcutoxide  of  oitrogen  and  5  of  I 
is  tran!>iTiitled  over  fl[iongy   platinum  or   platiniie«l  a*b 
gently  liL-iitnl,  water  and  ammonia  are  pruduecd.      IJadiMr  I 
observed  the  formation  of  ammonia  wbm  uttrou»  add  or  ; 
of  nitrogen  are  rcdun-d  by  traitsmitting  them  through  a  1 
of  hydroMtdphatc  of  •ulpUiilc  of  potasuum   (KS,  HS)  or 
one  of  protaeetate  of  itou. 

jVmmouia  exists  in  minuto  quantity  u  the  aluioiphcn;.* 
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itmi  In  '  '       '    '>nd  in  peatjr  soils,  both  of  triiicli  ftb«orh 
for  ,      ,:<Mrs  of  ininurjurturD  it  is,  liowcv-cr,  nlwajsl 

b;  tJio  ilwtillatiun,  la  dosed  kmcU,  of  oi]gaDio  raattCK 
dug  uttrogntu.     During   tlic  iJiatlUation   of  bou««,   and  of 
rTom  getM-rallj',    nmmoiiia   in   cuiisiilcrublc  iiuautitj-   is 
d,  hiul  coDtlcnflcd  aloDg  irtth  the  fcDttd  prodiK-ts  of  tlic  opcra- 
liil  the  |irii>cipal  [>art  of  the  &mmoiiis  used  in  tbia  oountr^ 
from  the  rcfu&c  pruducts  of  the  dislilUtinn  of  coal  for 
turr  of  gft*.     Amoiignt  thnc  products  arc  iratcr,  and  a 
-'■tit^  of  rarlmnatc  aud  bydrosnlpbnte  of  ammoiua ; 
ilu  liccorac  diiuoKed  in  the  viiitcr,  and  constitute 
<  tU  liquor  of  tbo  ^a&-works  ;  thin  liquor  is  saturate 

I ii-  in  with  hvdfticbloric  actd,  and  thu^tbc  std^hateor^ 

(if  Bmuionia  of  commcm!  ia  |)nx!urcd  (514]. 
amhiin. — If  equal  wi-ighti(  of  quicklime  and  cither  of  the 
iW  iiaiocd  be  licjtaralcly  jnvrdered  and  intimately  mixed, 
tmim,  OQ  beiiiK  trausferrcd  to  a  retort  and  ^utl}'  heated, 
I'lUncG  (if  pure  ammonia,  a*  a  trannparentj  colourlem 
i^vuliar,  pun^nt  odour  of  emclliii];  salts.  The  lime 
iritli  tbe  avid  and  veu  the  ninmonin  at  litterty  ;  tbe  rctult 
I  muriitc  of  aEnroonia  is  used  being  as  follows: — 


taU 


U^N,  iiCl  =  C^    +  IV*  +  HO? 


litM. — Ammonia  produces  a  flow  of  team  GroiD  tbe  evoa ; 
lacrid  tuKte,  and,  nbcn  breathed  in  a  concentrated  form, 
'  til  Id):,  from  its  irritating  elTecU  on  tbe  luugs.     In  n  more 


-i.i^  l:  ^1,  _- 


"■'^t-  jiropOTtioa  of  afotnoBia  ooittiiinod  in  nin  imtor  is, 
itioii :   in  I  .cco.coo  pari*  of  ram  wntrr  t-olljiclvd  iu 
...^fitl..  ,-,f  iK-i.  lUrrnl  fnnnii  x**)  p"""!*  ;  Bi>ii»i'in*'' 
tWr  r.d  only  o'^44  (mrtii  aiiil  Liinc*  nuil  Oil* 

Itit:  ~,j.  I'lrtirx)  (hi-  utera^f  anidUtit  friltii  MiiTcb 

I  Febniuj, 09^7  pari*:  tho  av^nce 
.■<•  about  I  grain  i^f  nnnnonin  in  14 
fkivr.    1'  I  l'H«  oorroboratod  Bnmil'a  rni<illj  hy 

ikr  ni"  in  IVria :  indccil  it  is  not  *urpri*in)(  llinl 

•  :ia»i  lifn,  nad  icitb  Uir  eiutiip  of  Bnimal^J 
Kv-MliWrc  aboald  be  murli  bi^liiertluaf 
in,  ii]>o,   ttinl  a  larji^r  qiMnliljr  of  aiDB 
lUat  it  rotlfi^tcil  nl  lliir  commrnccnimit  i 
Eii  1  II,  hikI  luoi-c  allvr  a  droui;bt  tlun  afVra  iirriod' 

Itfc'  I'   "  ■<«r  '>f  dewii  and  font,  bI*o.   tlio  sniMint  of 

.,  \.  i,,..i,.,r -iiai,  ill  rain  wni«T.    Tlie  pri^portion 
:ininplirfi'  in,  in  thort,  urviiUT,  llii- 
■   cn-lU  ncronntcd  far  by  llii:  bij;b 
Ml  -ii|i})ly  uf  omioMiU  uiuli- 


iiaU. 


u  2 


lOO 


pinrAiunoN  aud  pbo»rti»  oy  ahmomia. 


diluted  form  tt  U  k  higlily  Titlusble  stImnUiit.     An 
not  HU|i|)urt  tlu.-flaiiiuor  bnruiiig  l)0(lii»,  but  i*  feebly  conit 
1  jet  of  tbo  gu  directed  across  ihv  Btr««in  of  Itot  air  ia 
N  lighted  arp)»d  linip,  Ininis  with  ft  very  pnlc  (rrren  (iunn. 
fSBa  be  miiigKid  witl>  ait  t^qiial  bulk  of  oiygeu,  the  niisUire 
dcConatvd  by  me&DB  of  the  clcctrifl  spuk ;  vntCTi  nitf 
traMK  of  nitric  Mid  are  formed.     Ifa  mixtura  of  iuanio»ia 
or  oxygcQ  bo  pssBed  over  spongy  platinum,  witter  and  nit 
are  amnngitt  the  prodnetn.     Ammonin  i»  citrt^tnoly  aolii 
wftter,  and  must  tburefore  be  oollceted  either  ovur  mercaryj 

dioplBcemrnt,    ill    the 
Fio-  ST*-  »Iiown  in  Rg.  270. 

mode  of  collating  it  IRI 
lie  efleoted,   as    the 
little     more     than     h 
density    of    atmo»|)hi 
it«    sp.    gr.    being    onlj 
Ammouia     haa     a     poi 
alkaline    Rutctiou,     nod 
turmeric  paprr  brotni. 
collected    by  dieplai^eiiir 
gftii  mu3rt   be  allowed 
into    the   bottle    until 
of    dry    tomieric    pmp 
to  tli«   ntnutb  of  the   bottle  is  immoliatcly  turned  tiro« 
tulic  ia  tluMi  witlidntwii,  and  tlic   stoji|iciv  sligiilly  gr 
inserted. 

Antmonin  ncntndiKS  the  most  powerful  acttU,  and  luraia 
im|<ortant  cUse  of  salts.     Any  nilattic  or  gaseous  odd 
into  an  utmttaplicre  eonlaining  ammouia,  piwlucea  a  white 
oiring  to  the  fornnition  of  a  ralid  aaJt.     The  property  ij 
employed  to  detect  &mnU  qtinntitio  of  ammonia :  quit 
|)ota«h  ia  mixr^l  with  tliv  falniioii  suspected  to  contaii 
nod  tlx'  wlmlc  gctitly  waniinl  in  a  tulju;  a  tod  tnoii 
hydrurhlorio  acid  diluUi)  with  half  its  bulk  of  water  in  tlic 
in  the  nppcr  part  of  the  (nbe  or  *•      '    ■    !  if  ammnnia 
white  fumt's  apin'iir,  i-veii  whru   !  1      ,      .'Iit  uf  ajotui 
xmall  tn  \»  diatingitinheil  by  the  ainclL     When  amntoaii 
miuin-d  in  11  »tmte  Tn     "  'urr  it  r^ 

(luicklime,  not  over-  ilcium ;  1 

many  other  aalinc  oumpoitnd*,  abwrha  ammouia  aod  fijran] 


•^1. 


be  linwrfcil  "ia  trxicaan  to  • 
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F.,  or  still  more  rcodilr  hy  gcncTating  it  under  tlic  pressure 
OK'ti   atn>ospI>ere.     The  oaaitst  method  is  the  following : — 
ide  of  silver  in  powder  is  exposed  to  a  current  of  dry  nmrao* 
ga«;  tite  atmuonia   is   rapidly  nliMrhed,  nud  the  chloride 
increases    in  wHght  more  tban    one-third.     This  substance   is 
placfil  iti  one  limb  of  a  strong  tidjc  (182)  Iwiit  to  an  obttiMe  an^lu, 
and  then  hennctically  scaled;  on  applying  heat  to  the  chloride, 
Md  cooliag  the  other  end  of  the  tube  witli  a  freezitig  mixture, 
Hkc  amoioiiia  ia  condensed  as  a  colourless  liquid,  whieh  boils  at 
— lt)°.  cxerta  a  prepare  of  6-y  atmoKplKTec  ut  'io",  and  biw  a 
ipedfic  gravity  of  0-73 1  at  60°  [T-'araday;  or  0-614,  Audrccft).    By  a 
cold  of — toj"  it  is  frozen  to  a  white,  triUl^!lK•ent,  erytalline  solid, 
which  is  denser  than  tlie  Ii<{uid.     The  chloride  of  silver  reabsorbs 
fte  liijuefied  ammonia  at  ordinary  temperatures,  and  slonly  rcpro- 
the  original  conijioiiud. 
Vompoation. — The  eomiiosition  of  ammonia  may  be  mcertjiiucd 
iowB  : — If  the  dry  gas  be  subjected  to  a  succession  of  electric 
*,  by  the  aid  of  KuhmkorR's  coil,  or  if  it  be  passed  slowly 
a  porci'liiiii   tulw   containing   iron    or  copper   tuniin^, 
to  bright  redness,  tlie  gas  is  decomposed ;  it  becomes 
to  double  its  volume;  4  volumes  of  ammonia  become  8; 
nd  the  gas  produced  may  I>e  shown,  by  detonating  a  portion  of  it 
BjBi  oxygen,  to  consist  of  n  niixture  of  2  voluroes  of  nitrogen  iritb  6 
Chimes  of  hydrogen.     If,  after  mixing   8   measures  in  the  bent 
i^tadio meter  with  4  of  oxygen,  so  as  to  mnke   1 3  mtmsnn?  in  the 
^be,  the  electric  »|uu'k  be  trnusmitted,  5  measures  yr\\\  be  left, 
^Rig  to  the  formation  of  steam  and  its  subsequent  condensation, 
ill  the  formation  of  water  2  measures  of  hydrogen  combine 
I  measure  of  oxygen,  one  third  of  the  volume  of  gas  which 
ipcstred,  or  3  measures,  will  be  oxygen,  and  two  third*,  or 
ires,  will  be  hydrogen.     On  agilaling  the  residual  gas 'with 
Intioi)  of  polanh,  no  change  of  hulk  will  occur,  eonsequendy  no 
acid  can  have  been  formed ;  buton  the  addition  of  pyrogallic 
1 P-  ,54)  to  the  gas  whilst  still  in  contact  with  the  ullotUne 
\  tbe  exeeos  of  oxygen  will  he  absorbed.   This  will  amonnt  to  i 
.whilst  i  meiisiircs  of  nitroi^en  remain  unacted  upon;  a  mca- 
of  nitrogen  mu»t  therefore  have  been  present  in  the  ammonia  in 
iuatiou  with  the  6  of  hydrogen  ivhich  have  become  condensed 
consequently,  since  the    ammonia   diiublcft   it»  volume 
decomposed  by  heat,  the  4  volumes  of  ammonia  must  have 
formed  by  6  volumes  of  hydrogen,  and   1  of  nitrogen,  con- 
1  tutu  half  their  bulk.     The  composition  of  ammonia  may 
arc  be  thus  rviat«cutcd : — 


BECOMrOHITIOK   OF  AlUIOKIA. 
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'Hyingra    H,  =    3  or  itH       *  »"■  'S  =  oiojt" 
ABiBion»H|K        17      10000       4       ("o       o'^litgS 


Other  striking  proofs  of  the  oompoution  of  un 
afforiled  l)^  ttic  action  of  h<-iit  u^wn  K>mcof  icssalta.  Tlie 
jiositioii  of  nitrntc  of  amiaonU  oflcra  one  of  thue :  b^  tb 
of  heat,  n»  nlrciuly  explained  {^06),  tlic  nitrate  of  ammoni 
HO,  NOj)  is  (Icxromposcd  into  water  and  protoxide  of  11 
4HO  +  aXO;  the  ^  ciiaivnlmts  of  hjdrogeu  in  the  1 
combining  with  3  of  oxygen  in  the  nitric  acid,  and  les 
nitrogen  of  the  Hinmonin  to  oomhini;  with  deutoxiile  of  1 
derived  from  the  nitric  acid.  If  a  snlution  of  the  vi. 
immonia  (1],N,  110,  XO,)  be  hcnte<l,  the  wli  ii 
pOMd,  water  and  pure  nitrogen  are  hbcraled :  the  rc%ult 
Unis  represented  ;  I1,X,  HO,  NO,=4  HO  +  s  N;  Uic  Ii 
of  the  ammonia  is  in  thi*  csm:  exactly  sufBeieat  to  comb 
the  oiygon  of  the  nitrous  acid,  forming  watt-r :  thtt  is 
lent  modeof  obt»inin|;  pure  nitrogen.*  Chlorine  also 
ammonia  at  ordinary  temperatures,  and  lilK-ratcs  » 
Uader  certain  circuniKtanoett  it  produce*  the  detonating  a 
known  oa  chloride  of  nitrogen  (323).  Bromine  and  ioil 
wi»c  dcoompom:  ammonia,  nnd  form  nimilur  detotuiliug  oat 
without  producing  any  liberation  of  nitrogen. 

(31 10)  Stt/uihn  of  Aiuinania.—A  solution  of  ammonia 
14  a  reagent  continually  rci|iiired  in  the  lalxtratorr.  Whei 
oiacal  gas  is  passed  into  water  it  i«  rapidly  ainorlied,  « 
sidcralilo  extricntion  of  heat ;  at  a  tcm|ier8taro  of  31' 
found  that  water  takes  up  a1»ut  1050  times  it»  Toltim 
gas;  Kt59°,  727  times  iU  volume;  and  at  77°,  586  times  ibl 
water  saturated  with  ammonia  at  60"  contains  mure  tl 
Uiird  of  iu  weight  uf  the  gas,  incretuiiig  in  hulk  nearly 
and  becoming  specifically  lighter.  Tbo  following  tabic 
tlic  strength  of  solutions  of  pan  ammouia  of  different 
graritiea ; — 


niwB 


•  WliMi  BitrogoB  i»li>W  procnrrdinlUiiwaj'.t)i»iiio<tnin 
rontitt*  ID  pTopiirmjt  f.!'->.-  ■.!'  -'IIaiiIi  lijr  BDliirnlibi;  ■  tiyUr-  ■ 
1(1   et.  fjH,  "lUi  iiilr.i  1  .tiiiisjji'.l   \>y  arlinii  ufrtt 
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Sbraitfth  of  Solutioiu  of  Ammonia  at  57"  F.  {Carim). 
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Solatiun  of  ManKHu's  ia  colourless  and  intensely  alkaUne ;  it 
Im  an  acrid,  eaustic  Uate,  mid  blisters  the  skiik  if  applied  to  it  in 
a  eoDceotratcd  form ;  it  frc«ea  at  nbout  — 40°  F.,  yicliling  n  gcln- 
tinans  mass,  destitute  of  odour.  Simple  exposure  of  tlic  solution 
d  ordiuary  tcmpcratores  to  the  air  ib  attcudi-d  with  an  etcapc  of 
the  ga*.  which  oociisions  the  pungent  smell  of  the  liquid.  Hy 
beu  the  atnioouin  is  rapidly  expcllwl  with  the  appearance  of  ehul- 
tilion,  thereby  fumishing  n  ready  cxtcmjiore  mi-thod  of  procuring 
lb  gas.  By  boiling  the  liquid  for  some  time,  the  whole  of  the 
•mnonia  may  l>e  drircn  oif,  so  tliul  nulliiiig  but  water  ia  left  in 
tbc  retort. 

Solntioii  of  ammonia  is  prcpaml  on  the  large  #calc  by  mixing 
Is^bcr  iti  a  capacious  retort  equal  weights  of  well-burned  quick- 
binc  and  sal  ammoniac;  the  Hmc  if^  slaked  and  niiidu  into  u  paste 
vitb  water  before  mixture.  The  retoi-t  i»  then  connected  with  a 
KMs  of  bottles  similar  to  those  used  for  condenxing  nitric  aeid. 
If  the  operation  be  conducted  on  tlie  nmtill  iicale  in  the  laboratory, 
the  amiigenieat  shown  in  fig.  371  may  be  adopted.     The  tliree- 

Eio.  a]  I. 


IM 


WOVLTS'a    DOTTLBS — IXtDOOKN. 


»e^ 


necked  bottles,  n,  c,  d,  k,  arc  koovm  br  tlic  name 
bottles ;  in  tbe  glolw,  a,  r  omall  quaotitj^  uf  vatcr  i*  pUoed, 
ftuy  solid  particles  which  maj"  be  mech&nically  carried  OV 
gaa ;  in  the  lintt  bottle,  B  (vbicb  taaj  be  kept  cool  hj  h 
in  cold  waiter],  a  quantity  of  water  equal  in  ircigbt  to  til 
sal  ammoDiac  used  is  iutrodnccd,  taking  care  llmt  it  alui 
more  than  half  tlie  cs|iiacity  of  the  bottle,  vlillst  the  td 
tains  water  to  condcntc  any  gaa  that  niaf  CKa|ie  througb 
Kach  bottle  is  [in»-ided  with  n  Mfctj*  tulie  open  »t  both 
that  if  the  ga«  wt-rc  absorbed  iti  b,  for  csainptc,  rooro  n| 
it  was  flupplied,  inatead  of  tbv  liquid  beitif;  driven  bock 
bottle,  c,  air  would  enter  by  the  safety  tulx-,  and  the  tl\ 
would  be  restored.  Tlte  tube  which  dclivere  the  gaa  pal 
through  the  safety  iul>e  and  projects  a  little  beyond 
o]wiiiHg,  «o  tliat  tbe  gas  rises  in  bubbles  through  llie  1 
collects  in  tbe  bottle;  as  ur-tight  joint,  which  caaje 
and  diimounled  immediately,  i&  thus  obtjiincd,  ^ 

Solution  of  ammoniii,  if  pure,  should,  when  cvapon 
DO  aoUd  residnc ;  tlie  presence  of  rarbooic  acid  niny  be  d> 
lime  water,  which  it  rcndcni  milky ;  that  of  dilorinc  by  oe 
with  pure  nitric  acid,  and  adding  nitrate  of  silver,  wlic 
a  n-liito  cloud;  that  of  su1|)liurie  acid  by  a  white  predp 
nitrate  of  har>'ta  afVcr  dilution  iiud  ^aturnl)ou  with  nitric  t 
of  lime  by  a  while  iitrcipitnlc  on  adding  osnlate  of  araiai 
ttnit  of  copper  or  lead  derived  fnun  tbe  apiraratn*,  li}-  a  blac] 
precipitate  or  clond  with  snlphitrettcd  bydrogrn.  lieai 
quantity  is  a  veri'  frequent  iniinirity  in  the  cmnmercial 
it  ifl  tnuaily  derived  from  the  action  of  the  ammoaim 
glass  bottles  in  which  it  ia  often  improperly  kept.  ^H 
Atcoliol  also  disao1vc!>  ammonia  in  abumlaucc  ^™ 
The  aalta  of  aumoiiin  will  bo  described  with  Utoi 
alkaliiw. 


a«B|| 


(313)  AutuootN  (I[,7«'«:i6].— Ammooia  i>  tltcoolj 
of  hydrogen  and  uitrogen  tliat  has  been  obtaintd  ia  ti 
form.  When,  bowercr,  potasvium  is  heated  gently  In 
dry  ammoniacal  gas,  the  anuuonia  dUnppean,  half  its 
hydrogen  is  piwlna-d,  and  a  furihIc,oUvi}.gr«!n  coiapoimd 
eonsu>ling  of  K,H,N.  Tbe  ammonia  in  dccopipOicd  l| 
toutuiii  iji  the  rallu«rin>;  muuitrr :  II^N -i- K  iMcaoiM  X 
The  eompouml  II^X  has  rcobvud  the  nanie  of  timiJt^ 
T"  ■  ''iiiAtioo  witkacvoi 

■-1  .  .m  the 
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Cooipotuidif  of  this  clws  tmvc  received  the  name  of  amdet ;  tbcjr 
wtU  be  more  oQiiveuiciill}>  exuuiuvd  liercafter  (]045). 

Amhunicu  (HjN  =  j8). — "ITiis  compuuucl,  as  is  tlie  case  with 

mickecn,  has  not   been  obtained  iti  a  Kcpitratv  form.     All  th« 

^anul  aalts  of  anunoiiia,  howc^-er,   appear  to  coiiuiu  it.     Nitrate 

ammonia,     for     enaniplv,     cou«i)!t«     not    simply    of    H,X, 

but    in    addition   contaiua    au  cqutroleut   of  water,  nhicli 

at   be   expelled   by  beat  vitbout  ttio  cutire  decompusition  of 

laklt;   this   nitnvie  ia  therefore  looked   upon   ha   a.   nitrate  of 

:  of  ammonium,  II^NO,  NO^.     Sal  ammoniac  is  on  this  view 

aa  chloride  of  ainnioiiiiim,  H^N,  CI.     The  full  diKCUbHion 

liie    grounds  U[wu  nhicli    this  theory  rests  will  be    b(?«t  [K}^- 

[|Bed  Ull  we  enter  upon  a  de»cription  of  tlie  aults  of  aninu>uia 


CHAPTER    VI. 
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fisvosr.  proceeding  to  notice  aome  other  compounds  of  the 
fcs  deoicnts  already  dcseribtd,  it  will  be  deitirnblc  to  examine 
tte  utlicr  uoii-mctaUic  tiim{^  fiubitanccs.  We  pass  on  tlicrefoK 
Diptinpaf  four  dosdy  allied  Ijodics,  viz.,  chlorine,  bromine, 
Uiuev  and  fluorine,  'flieie  elenienta  are  chitmrtei'iu'd  by  tlie 
ftavrfol  activity  of  their  affiuiticft  for  other  substances  at  the 
BC^nary  tem{>craluie  of  ttic  ulr  ;  uuil  eoitsrqueully  uoiie  of  tbem 
■1  found  in  on  aucombiucd  state.  They  furm  with  the  metals 
lomponads  analogous  to  wii-nll,  and  luive  been  termed  taiot/ena, 
■  ult-produeers  (from  aX{,  '  the  sea*). 


I 


5  1.  CutojiiKB  (Ct=55*5) ;    Calcd.  Sp.  Gr.  a"453j 
Ohtcrvtfl,  a*47;  Comi,  Vol.  3. 

(313)  CauiBiKK,  the  most  important  member  of  the  group  of 
bbgeitft,  l»  almitdauiUy  met  with  iu  combination  uitb  aixlium, 
■ith  which  it  constitutes  ordinary  tabic  salt.  This  ni-ccssnry  of 
■V  ocoun  plentifully  in  beds  in  various  jiarts  of  the  world,  and  is 
ihc  nuMt  abundant  of  the  aaliue  bodies  contained  in  the  waters  of 

tlie  OGCWL 

iVqpei^M*.— Chlorine  is  a  tranftparuit  gas  of  a  greeniith- 
'"Mimi  ccilotir  {whence  the  name  is  di-rivcd,  from  ^^At^/iuvi  '  green,') 
-■■A  of  a  puneriiil  suffocating  odour,  producing,  if  breathed,  ov&u 


ritoreitTiES  of  culouxk — ULeACiii»c  Acrtax. 


vhen  I&rgdj  diluted  mih  air,  distrcBsing  irritation  of  the  ■ 
passages,  attendi^l  witb  coughing.  It  is  much  heavier  than  u 
100  cuhic  inches  weighing  between  77  and  78  )^in«.  Uodi 
a  pre»»iirc  of  4  atmosiihcrcs  at  60°,  it  is  condensed  to  a  yellol 
limpid  liquid,  of  speritic  grarity  i'^^ ;  it  does  not  conduct  ela 
tricity,  «nd  remains  unfrozen  even  at  the  cold  of  — 220°.     Chi 

»rinc  is  soluble  in  about  ludf  itn  bulk  of  cold  water ;  this  solutid 
ybicb  is  readily  formed  by  a^tatiag  the  gas  and  wat«r  togethi 
baa  the  colour,  odour,  and  nstriugcnt  taste  of  the  gas,  Ac-cordis 
to  Schoufctd,  water  at  50°  dissolves  25S5  timwt  its  bulk  of  ^ 
8"  i  ftt  59**,  a'368,  and  at  104°,  r36_5  times  iu  bulk.  ChlorU 
in  consequence  of  this  solubility,  cannot  be  adrantngctjusly  cd 
lected  over  cold  water.  Mercury  is  acted  upon  by  tiie  gas  wb 
great  rapidity.  It  is  necessary,  therefore,  either  to  u»e  wn 
water  in  the  pnenmatic  trough,  or  to  receive  the  gas  by  11 
proeess  of  displacement  in  dry  bottles,  \\ith  water,  chloru 
forms  a  definite  A^rfra/c  (Cl  +  io  HO),  which  crj-stalliies  »t  ^li 
if  it  be  enclosed  in  hermcticidly  jfenled  tubes,  it  furnishes  a  nu 
method  of  obtaining  litjucfied  chlorine,  siuce  it  is  easily  decol 
posed  by  a  gentle  heat  into  water  and  free  chlorine ;  tlie  latl 
amounts  to  about  one-fourth  of  the  volume  of  tlic  liquid. 

Chlorine  is  not  combustible,  and  it  does  not  combine  dirod 
with  oxygen.  A  taper  bums  in  it  with  a  reddish,  smoky  tlad 
the  hydrogen  of  the  combustible  vapour  of  Ihe  wax  conibioJ 
with  the  chlorine,  whilst  part  of  the  carlron,  for  which  its  adin 
is  but  small,  is  dq)ositcd.  Many  bodies,  however,  take  fire  m 
taneously  when  introduced  into  chlorine;  this  is  the  case  « 
phosphorus :  many  of  the  metals  iu  a  finely  divided  utatc  do  j 
•ame ;  among  them  arc  copper  leaf,  lincly  powdered  ancimd 
and  arsenic.  A  great  number  of  organic  substances  riclij 
hydrogen  arc  deeompoitcd  by  ehloriac,  sometimes  with  sj 
rapidity  as  to  inflame  them  ;  a  bit  of  paper  dipped  into  oil 
turpentine  and  plunged  into  the  gas  bursts  into  flame,  and  depd 
an  abundance  of  a  bliu::k  carljouaeeou*  ttom^'^uDd.  ' 

Tlie  action  of  chlorine  upon  Ixdira  c^Httalning  hydrogen 
often  of  a  very  peculiar  kind.  It  ooml-ioes  with  part  of  I 
hydrogen  and  withdraws  it  from  tl»e io;nhination  ;  each  equirol 
of  hydrogen  uniting  with  an  equivi.lent  of  chlorine,  and  fomj 
a  powerful  acid,  the  hydroehloric  I  IlCl) ;  whiUt  at  llic  M 
time  for  each  equivalent  of  hydr 'jjun  no  withdrawn  from] 
original  compound,  an  equivalent  of  'Moruie  is  substituted,  l 
in  this  way  that  chlorine  exerts 'ii  ><■  bleaching  powe«  wH 
have  rendered  so  eascutial  a  scrvic    I'l  ili«  calico-printer  and] 


UAXirrAcrvxs  or  cnLOBiMK. 


lor 


r-mikcr.     Mo«t  of  the  vpf[ctablc  colouring  matters  contain 

^jdrag^eu,   au<l  are  dcoom]>(»(!(l  by  chlorim-,  wtiilst  coluurloss,  or 

rly   colourless,    compounds   containiuK   chlorine    are    formetl 

of  tlie  coloured  conijioiiiidH  with  hydrogim.     If  a  solutioa 

'  cbloriDC  be  mixed  vrith  some  of  the   blue   liquid   formed  by 

olnng  indigo  iti  iiid|iliurio  acid,  or  with  ordinary  writinj;  ink, 

tincture  of  litmus,  the  colour  will  in  each  case  be  im- 

liately  a»d   alinoat   cumi)lct<!l}'  liinchurgcd,   and   it   cannot   bo 

iincntly  rcatorod, 
Another  property  of  ctilurinc  of  grcut  value  is  \t»  disinfecting 
I  pmrer, — by    which    is    meant   its  jjower  of  destroying    noxious 
npran  aod  miasmula  ;    with  this  view  it  is  frequently  employed 
bt   fumigating    buildings   after    the    occurrence    of    contngious 

EBKS. 

Preparalinn. — i. Chlorine  may  he  oafily  prepared  from  a  mJx- 
tvc  of  7  parts  by  weight  of  vitriol,  previously  diluted  urith  7 
ptfis  of  wntcr,  sod  nllowcd  to  coul,  und  4  pnrt«  of  pounded 
eUoride  of  sodium  mixed  intimately  with  j  parts  of  finely  pul- 
.  wmed  black  pxidc  of  maugnuese.  The  dccumposition  may  be 
npvsented  as  folloirs : — 


Ortto 


Sull*.  urii.  iin^m.  Sulph.l»i™i..       VtUt.  Cbl«rti>fc 

SEbU^  +'l«iCT'  +  r^,  SOJ  =  i\^0,  so,  +  NiJoTsO, +  7^0  +  01! 

be  gu  cornea  off  Hlowly  in  the  cold,  hut  freely  on  Ihe  spplicntion 
(fa  gentle  heat.  A  little  hydrochloric  acid  is  always  formed  in 
I  be  reaetioa ;  this  acid  ix  easily  removed  from  the  chlorine  by 
iHowiug  the  gas  to  bubble  up  through  a  vessel  containing  water, 
a  tl>ii  manner  ulioira  in  fig.  366,  wiicre  a  »imilAr  iix)paratiu  is 
I  ■ployed  for  carbonic  oxide. 

3.  The  manufActurc  of  eldoriuc  v.   praotixcd  on  an  enormous 

nic  iu  the  preparation  of  bleaching  powder,  or  chloride  of  lime.    It 

I  ^crally  prepared  in  capacious   Mtill?,  Kutliciently  turgc  to  hold 

>  gsllous  of  liquid ;  these  are  sometimes  made  of  lead,  but  more 

itly  of  Yorkshire   tlugs   dampud    together   with   ironwork, 

(he  joints  rendered   light   by   vulcanized  caoutchouc.     The 

part  of  these  stills  is  enclosed  in  a  ease   through   which  a 

rut  of  .tteam  'v  tran»niltMt.     Hydroehlonc  acid  in  nulution,  of 

Iraofic  gravity  from  v\6o  to  vi-jo  (which  is  obtained  as  a  waste 

p^uct  in  the  manufacture  uf  carbonate  of  soda  from  xeu  Halt],  is 

through  a  currod  funnel  into  the  stills,  wbieb  are  charged  with 

of  manguncAC  in  >mall  lurnp^.     Chloride  of  miuigHnesc  is 

],  and  free  clilorine  ia  liberated  in  abundance ;  the  reaction  is 

by  the  following  symbols: — 


106 


CUUBUIE*. 


SlIo,  +  ^Iici  produce  MoCi  +  2UO  +'«?  J 

This  process  may  also  often  be  resorted  to  on  tUe  sinill  «■ 
tlu.'  labonitorjr  vrilh  ttdrimUigc.  Three  uuitccs  of  |io«iWft4l 
of  niaiLgaiiesc  nith  balf  A  pint  of  tlie  conmcrcifll  launatH 
diluted  with  3  ounocs  of  water,  will  vicM  bctwn'ii  3  uid  49 
of  tbe  ga.1.  Care  nnut  ho.  luketi  not  lo  lu-e  an  acid  uiun  J 
tbui  1-15  in  tlic  preparation  of  the  gaa;  nucc,  owing  to  ftd 
of  this  precaution,  exploaioiw  have  in  tome  itutaitcea  oocufl 
upcratinf;  on  the  large  scale;  bvpocltloroui  acid,  or  0D6  | 
lower  exi>lwive  oxides  of  chlorine,  vrw  probably  tonaei  vU 
cases.  I 

t/»e». — Beaidc*  the  iipplication  ordilorine  on  tbe  larn 
in  bicachiuf;,  it  is  fi-rqucnlty  coiploycd  for  diunfwtiug  |ai 
III  the  laboratory  it  is  in  oontinual  rwjuisiliuu  Bs  an  oil 
agent ;  owing  to  ita  affinity  for  bydroeeo  it  raadilj-  dcooq 
vutcr,  Olid  libcrAloe  oxj-<;en,  wlitdi  at  tbe  inoRtent  tbnt  it  iafl 
enten  readily  into  combinatiun.  Ulic  proparatiou,  uf  diloM 
potn»h  (321),  of  ferric  acid  (638),  and  of  tlie  peroiidca  ati 
and  nickel  ((S04,  613},  aSbrds  illustrations  of  tbit  mode  flj 
ploying  it :  and,  in  rotcarcbei  ujion  tlic  nature  of  niauy  oonn 
fiimisbcd  by  organic  chemistry,  it  often,  as  in  t1>c  seric*  oj 
pounda  nbtaini-d  from  Putch  liquid  (400},  is  ured  aa  a  o^ 
throwing  Ii(;bt  U|x>n  tlifir  molecular  constitution.  i 

Cfiloriiits.^(y\ilonac  combines  vitli  all  tlio  non-metn 
montB,  aiid  forma  with  many  of  ibpin  coiupouod^  uf  grrall 
tancc ;  it  aUu  cutcn^  into  combinutiou  uitb  all  the  oiciabJ 
combines  directly  vitli  a  large  number  of  tliem,  witb  tba 
pliciioniriia  of  conibustiou ;  tbu  oonijiouiidB  nliidi  it  &« 
terrafA  t-Altirit/fs.  M'iib  the  exce^itiou  of  tbe  dilurulti  oJ 
nud  the  Hiibrlitoridcs  of  mercury  anil  copper,  they  arc  nil  ■ 
tees  soluble  in  water.     It   frequenliy  bappeun  '"  '  \ 

bines  witli  the  ^auiv  UH'lal  in  ninre  proportion?-  I 

ample,  vitli  iron  a  protocblurHte  (FeCl)  and  a  acwpiiclilod^H 
mij'  lie  formed;  ntth  |ilii(itiutn  a  prutochlori'l  '"i^H 

diloridc  (I'tClg)  mny  be  obiaiited  ;  nud  geni-ml-,  -'41 

the  niiAal  wbicli  is  capable  uf  utiiliiij;  vritb  aeida  to  foim  I 
uorrMponditig  cli1orid«  exists  {444}.  I 

Chlorine  wliru  in  •oluttou  in  tbr  uncuiubiucd  fmn  (J 

iMOfnited  by  its  odour  and  it«  blcaohing  jjropertii-  J 

tree,  and  when  rr  -  <  -  .  >  vritb  n  metal,  it  ^{m-*  Mrij 

I  a  solution  uf  nit.  jvct,  a  uunl^,  Ituecuk-i.  ^M 


H^orUiV 
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I  rU>Vrt  nn  i»pn*tirc  to  light ;  Uin  irtntc  predpltttto  < 
cliliiiiilc  of  ailviT,  simI  U  easily  rc-cliswih-cd  by  suMiag  4^ 
llity  n(  •oliiMon  of  nmmoiun,  but  it  is  inaoUiMe  in  nitric 
tnite  of  «ub(>xi<lo  of  merpury  al»o  giTM  a  while  prwipi- 
khlariili)  of  iiicrmiry  in  eolutioiu  of  tUc  nirtallic  clilo- 
\  oJomdl  fll^jC'I)  titua  fonrKH]  ix  iitmlttbin  in  cold 
iric  odd.  and  is  iiutautly  blackened  tiy  the  ad<lilioi]  of  a 
of  ttmmaam. 

HTtiBncuLaitic  Acid  :  Muriatic  Acid  (HCI=36'5) ;  ^, 
4;  Cmnb.  Vat,,  4. — Tlio  most  tm))ortaiit  of  the  oora. 
icb  chtoiiitr  fnnn*  with  thv  iioii-mcUllic  elements  i»  thnt 
5  it*  ninihtuatiiju  with  hydrogen.  The  two  gows  may 
t  vohiint;n,  nnil  Ihcy  will  remain  without  octioai 
.....^-.,  it'  kopt  in  the  dark ;  but  the  ruooicnt  that  they 
it  into  iltrcct  siiii-light  they  unite  with  a  powerful  explo- 
I  roluurU^KM,  iiilcuDely  acid  gas  is  the  procluct.  In  dif- 
iight  tliv  eomliiuatiun  takes  plitcc  ^ndually ;  but  the 
I  of  »  li^hlnl  match,  or  th«  jnaaage  of  the  cleetrio  spark 
!  Hire,  imtniitly  determines   its  explosion.     Two 

...  ;iio  unite  thus  with  3  volumes  of  hydrogen,  pm- 
'vluoKts  of  hydrochloric  acid ;  no  condensation  llicrcforo 
ihf  art  of  iititoii.  Ttic  cumpotitiou  of  hydrochloric  add 
H|^  the  follow  ing: — 


■  PI     =  39iG  "    'H'^        3  or  05  =  IJJ65 
.  H     =10  j'74        3       05  =  00345 


ftdd  UOI  =  36'5       10000       4        1*0  =  1*3610 

is  the  Affinity  of  cliloriiie  for  liy<irogeu,  that  if 
ufehionnv  in  water,  or  the  gas  itself  in  a  moia 
to  the  Nua'ii  rays,  wat«r  is  deeomjiotied,  hydro-^ 
ia  lurtncd,  and  the  oxygen  of  the  water  is  liberated : 
I'LT,  chlorinu  Iioh  ihi  power  to  decompose  water.J 
....icinc  be  transmitted  through  «  red-hot  porcelain  ^ 
waA  in  fnnued,  niidoxygcti  ta  set  free;  though, 
d,  when  hydroehloric  acid  gas  is  raiiod  with  air 
il   tliroU(;h  on   ignited  porcelain    tube  ehlorino  is 
Bier  U  [ituduoed. 

of  hydrochtoric  acid  rany  lie  analytically 
...^'  Mxliuni  in  a  measured  volume  of  the  gns. 
nvidly,  and  libemiea  a  quiintity  of  bydro;;en 
tiiDt  of  half  tho  g»N  employed ;  common  Kult 
IDC  time.     AunlogoUE  roults  are  obtnined  U 


■     -  tl^AUTION   OF    HYDROCULORIC    ACID, 

-  -.'£  r';r  sodium ;   cliloritle  of  iron  or  of  I 

-.Tt^-::  is  set  at  liberty. 

.  :v.:rv:^n  and  of  chloriuc  in  the  acidf 

.  ..  I .;i  experiment  (Graham) : — Aquontv 

>  :  :t7i:ed  from  fused  chloride  of  Bodium  I 

. .    ;  :^f  retort,  a,  fig.  372,  and  is  dried  I 

Fio.  i^3, 


"■'.■.■,fiptiFL^'^ 


.  -..-■!  i  tu)ic,  b,  filled  with  chloride  of  calcium :  ft 

•»  »iiK'anizcd  caoutchouc,  c,  with  a  tube  ofD 

■>   '.t'i-  Ih-cu  blowu:  in  the  first  of  these,  </,  Mil 

-.  u!-  '.■Uok  oxide  of  manganese  is  placed  :  a  piece 

.^...v,  ;»  the  Ijottle,  /,  which  receives  the  esc^ii 

•,,  .^n-iM.     On  applying  heat  to  the  hulb,  d,  tst 

V 1  ^  .'■■oi'iito of  mangai)C8C  is  produced,  and  not  bdi 

.    >  ::  ihi'  hulb,  whilst  water  is  furmod  and  becom 

<,.-  M.\vml  bulb,  e ;    in  the  meantime  free  ehlorii 

■0  Lx'itlo,  /,  sliowiug  itself  hy  its  peculiar  -cdo 

„  .-iVivt  upon  the  litmus  pai>or.     The  reaction  Ii 

V  ;.iv.:t\l.  mid  "i«y  ''c  represented  hy  the  follon 


.  :u-:  T  ilitO,  =  a  110  +  ifnCl  +  CI. 

.      Ihili-ochloric   acid   gas  is  easily   procured  1 
,.  _^......  t<t'  ivmmon   suit   (which  has  been  fused  in 

■  ii",  I'ami  !iud  allowed  to  ro<il)  into  a  glass  rctort,a 

■  ■   ittiiV  itn  weight  of  oil  of  vitriol.     Abundancei 
i  ■>;  s-'*  esenpes;  it  nniist  be  eoUecteil  either  oi 

.    ■>»  .•■.■.I'liiivmciit  of  the  air  from  dry  bottleti.     In  ll 

■■  vi'  the  oU  of  vitriol  yields  hydrogen  to  the  rbloif 

.-jn-u  >»U.  wliil-*'  *^'^  oxygen  combines  with  the  sodif 

*    V     V*  nhi»"h  unites  with  the  sulphuric  acid  to  forutf 

'■'  '   -A  »  i»  »!">""  '"  ^^  following  diagram: —  |" 


"ET' 
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Preparation  of  Hydrttekloric  Add  Cat. 


Ill 


twlLll^iiiUni^ 

Eq.  Chloride 
of  Mxliiim, 
NaCi. 
I  «q.  Oi]  of 
fitriol, 
HO,  SO, 


ec).  Chlorine 
C().  So<liam 

eq.  Oxygen 
eq.  Hj'drogeii 
I  Ki\.  Sitlph,  acid 


Alice  dHOnpINiliuB. 

:  eq.  hydrochloric 
acid  ^fiA,  HCI. 

1  eq.  Sulpliste  of 
»oda,  NaO,  SO, ; 
or  limply  thus  ;  NaCI  +  HO,  SO,  yield  HCI  +  NbO,  SO,. 

Pro/wT/tM.^ Hydrochloric  acid  ia  a  coluurlow  gas,  of  a  peculiar, 
todour,  and  auiuteosely  acid  taste;  it  irritates  the  c'yc«,and 
breathed  cveu  wUcd  largely  diluted  [iroduccH  coughing.  It  is  alsu 
iiijurtuu.'i  to  vegetation,  cai)«ing  the  leaves  to  nlirivel  aud 
hronu.  It  is  heavier  thaii  air;  loo  cubic  inches  weighing 
gniiiu.  Under  a  pressure  of  40  atmoHphercs  at  50°  it  is 
to  a  colourless  liquid  of  sp.  gr.  i'I7,  vrbicb  disaoh'CS 
aud  which  han  uerer  been  frozen  ;  the  refracting  power 
Uiis  liquid  is  less  tlian  that  of  water.  Hydrochloric  acid  gaa  i« 
bustiblc,  aud  oxtinguishe:*  bumiiig  hodiesi.  It  reddens  dry 
paper ;  wbea  allowed  to  esviipc  into  the  air  it  pro<lucu< 
fumes  by  condenfting  the  atnio^jiheric  moisture,  and  fomi- 
vitfa  it  n  body  less  volatile  than  pure  water.  It  'u.  iu.itHntly 
ibwbed  by  water :  ■  lump  of  ice  liquefies  in  a  jar  of  the  gas  aud 
iknriM  it  in  a  moment 

(315')  Solution  of  /fyJroMorie  Add. — The  sohitioii  of  liydro- 
ilnic  acid  in  wnlcr  is  au  iudiNpc  usable  requiwti-  in  the  laboratory. 
ii  cuily  prepared  for  use  by  placing  in  n  capacious  retort  5  parts 
fined  chloride  of  Mxliuni  in  fragments,  and  iuti-odtiotng  gmdii- 
fly,  through  a  bent  funnel,  5  parts  of  oil  of  vitriol.  If  pounded 
h  he  used,  the  action  of  the  acid  is  apt  to  l>e  loo  rapid.  The 
tort  ts  conneete«l  with  a  sfrica  of  Woulfe's  bottles;  in  the  fintl 
ttaall  (joaiitity  of  water  is  placeil  to  detain  any  impurities  which 
light  he  carried  over  meclianicully  with  the  gas;  the  second 
may  contain  4  part«  of  water,  and  ithould  bv  immersed 
:I  of  cold  water,  as  the  condensation  of  the  gan  is 
iile«l  with  a  great  disengage  men  t  of  iieiit,  Ou  applying  a 
itic  heat  to  the  retort  the  acid  comes  orcr  and  is  eoiuleiii«e<l ; 
tsuily  soluble  acid  sulphate  of  soda  rcioaius  in  the  retort, 
is  fijrmcd  am  follow* : — 


■  «Ddjilil 


ftnlyh.  kbL 


KjinALn,  acU.        A<U(olpk  >M*. 


NoCl    +  a(UO,  SO,)  giro  HCI  +  NaO,  HO,  i&O,. 
Dutai^turing  purpotea  the  decomposition  Is  cffijetcd  iu  iron 
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KOLCTiox  or  nroiocntOBic  «aD. 


Dflindiin,  Kku  tlioee  emi^OTod  in  tho  prepantioii  at  mtr 
tinil  only  one  bnlf  tltu  ipiimtity  of  i<iilpliuric  acid  prcsmbc 
w  iimhI,  11ic  arid  iu  this  case  is  in  tlic  pni|M>rtioii  of  ono 
Ivtit  to  t'licli  (!(]uival(!iil  of  salt,  neutral  Gulpb&tc  of  sodi  m 
In  the  cyliiulcr,  wliilat  the  acid  is  condcnwd  in  n  oorim  < 
Kliijuti  ntDHCwore  jnr*,  arrangcfl  as  Woulfc's  bottlea  (48Jt). 

Wntcr  ftt  40*  aljeorba  neftrly  its  own  weiglit,   or  at 
tiidM  ita  bulk  uf  li,v<lroch]onc  ncid,  incKsstng  in  toIuric 
OHi'  tbinl,  imil  iuY]iiiring  a  density  of  fa  log.     It  fortn*  a  1 
Ivu,  filming  liquid,  wbicb,  by  a  slight  ciciatioa  of  tcnif 
parta   villi   tho    gna    abundantly ;   at  tliis   atmigth   it 
li(*ui'l,v  4;{  i<<*r  (vM.  of  iu;i(l,  )K-ing  about  in  tlie  proi 
lH|uivitki)t  of  acid  to  6  c^uivalentn  of  iroter. 

If  tlio  strong  otdil  Im  pliicoil  in  a  retort,  and  dt»tillcd. 
Iiydiiwliliirie  mtid,  nntil  Ibe  ltt|uid  vibich  rcnwiu  lias  a  < 
I'loo  at  'io'^ ;  at  tliia  point  it  dislils  anehanged.     A  wa 
If  ilittillnl  |Mrt»  with  \U  water  freely,  uiitil  it  acquire*  thai 
iif  I'lOO,  niid  tbm  it  likcvriso  dit^iU  uncliaiigcti,  at  a  toni| 
of  ta'*-    i^iK^b  an  ncid  rontjuns  nliunt  m  per  cent,  uf  by^ 
wid,  and  ooiiaiiita  of  16  equivalents  of  nnter  and  l  of  Ityd 
iti'id<*  Common  liydixwhlonc:  atnd  may  thtrcfore  caiiily  be 
liy  dibiliiin  till  it  bas  a  sp.^.  of  ri  and  tbcii  diililliiiK.t 
bv  wiiwtitriitioii  uf  the  acid   at  the  ordinary  tem)>cralur 
nir  in  viteuo  over  sul|ibnric  acid,  obtained  a  hydrate  (HCI  +  I 
(if  a|i.  Kr.   I'laH,  contnining  35   per  coot,  of  tho  anbydr 
A(«Hi(dinK  to  tliia  ohoerTcr    {Am.  de  Chtmie,  III.  «ii.  ij 
<    i>r  llw  acid  of  s}i.  gr.  no  has  a  dciuity  of  oAy,  i 
.>-id  lutd  S  viihiuioa  of  aqueous  vapour  luing  iiiutcd 
t\tttdi-n*atlt»), 

*11hi  fulluwing  table  indicntei  the  Amoont  bjr  wi-i][btj 

I  I  'itlmnr  (Q.  J.  Cirm.  ."w.,  lii.  13S),  by  Taniag-  | 

Ixt  (liilillaliun  ii  dTiTtod.  luiTtf.  hotcrrvr,  •U4WB 
<.>r  i-i^iiuiwition  u  mllr  •■  luciileDlaJ  rirncRixi 
iitiitn  byAmtn  at  t)ii*  nrtd;  but  lh«l  f"T  rr^ri 

'  1'        ■■  '■■  ■     '■•tillp.l  onili'- 

1        TllMt.  T 
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e  fu-id  iu  loo  parte  of  Bolutiou  of  the  ncid   of  the  TArioui 
itiea  tlierein  ciium crated,  at  a  temperature  of  77°: — 

Siratgth  of  Hydrochloric  Acid.     {E.  Davy.) 


frailly. 
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Connmcrda]  hydrochloric  acid  is  liable  to  be  eontaminatcil  with 
«hicb  gives  it  a  yellow  colour;  uiid  with  tlic  cliloridea  of 
Ijtdiiua  and  iirHi^nip,  the  latter  derived  from  the  aiilphuric  acid 
[kploycd  in  its  prcparatioti.  Sulphuric  und  itulpliurcus  acids,  and 
I  fa  chlorine  are  aJ»o  often  present  in  it.  If  pure,  the  iicid  should 
'  are  no  resiiduc  when  cvsporatcd;  on  saturating  it  with  ammonia 
Itihoiild  give  no  precipitale  of  oxide  of  iron;  sulphiircttiil  hydro- 
|jn  )>liould  prodace  no  turbidity  ia  it,  which  would  be  the  eane  if 
Ivseoic,  irve  chlorint;,  or  sulphurous  acid  were  prwcnt;  and  on 
fflutioti  nilh  three  or  four  times  its  bulk  of  water,  no  white 
[■bud  of  sulphate  of  baryta  should  be  produced  by  the  addition  of 
liUnidc  of  barium. 

A   solution  of  hydrochloric  acid   is   decomposed  by   all   the 
tals  which  deoom|iose  water  ftt  a  red  heat ;  the  met&l  is  dis- 
1,  and  hydrogen  gas  is  set  frce^  just  as  when  iron  or  zinc  ia 
apOQ  by  dilute  sulphuric  acid  :  for  example : — 

HCl  +  Zn  =  ZuCl  +  H. 

(316)   Action  of  Hydrochloric  Acid  on  MvlnUic  Oxides. — The 

.of  hydrochloric  aetdujmn  the  oxides  of  the  metals  is  pecidiar. 

jdes   arc  dissolved  by  the  acid,  and  appear  to  combine  with 

bnt   on  evaporating  the  liignid,  a  conijKtund   a  olrtaincd,   iu 

^birh   neither  hydrochloric  add  nor  the  metallic  oside  is  present, 

m1  which  contains  ncittier  hydrogiiti  nor  oxygen;  when  soda,  for 

ample,  combines  with    hTdrochloric  acid,  the  hydrogeu  of  llic 

tad  is  exactly  sufficient  by  combination  with   the  oxygen  of  the 

It^de  to  form  water,  which  remains  in  the  solution,  or  else  ci-apo. 

Inta  on  the  application  of  heat,  whiliit  the  metal  and  the  ohloriue 
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onite  directly  witb  c«ch  other,  as  U  shown  by  tlut 
AyinbolM  :^ 

-.j^  BjnlmdUar,  CUirilt  »;.._ 


NaO,  HO  +  HCl   yidd  NaCl  +  2  HO. 

But  tbougli  ttic  iDCUl  may  exist  in  sottition  in  tlic  form  of  J 
tliiii  circunaataiice  does  not  prevent  its  i>reci|)iUtiou  in  iIh 
osidc,  whvn  u  strung  base,  eiioh  as  potash,  is  addvil  to  i 
which  ooiitaiuB  the  chloride  of  the  inetal  in  question,  pro* 
the   metal  be   capable  of    forming  an  oxide  insoluble 
For  example,  if   to  a  solution  of  eliloriilc  of  copper   a 
of  potash  he  added,  thi;  pota-mium  displaces  (he  copper 
clilorine,  and  the  oxvgen,  vitb  which  the  {Krtassiuin  was  { 
combined,  is  transrcrrcd  to  the  copper,  whilst  the  hfdrat 
copper  is  precipitated.    It  is,  in  fact,  an  ordtiuiry  iiutoueei 
docompoution : — 

Fulfill. 


Clilnridtor 

lliiliMiMII 


CuCI  +  KO,  HO  =  KCl  +  CuO,  HO. 

A  reaction  not  less  inBtmctive  occura  when  oxides  ' 
a  Inricer  proportion  of  oxygen  tluiu  the  protoxides  are 
hydrochloric  acid.     When,  for  instance,  i  atom  of  seaqu 
iron  (Fe,0,)  is  aubjccUsd  to  its  inRuenee,  3  atom*  of  hv^ 
acid  !iit'  iIccumposL-d,  3  atoms  of  water  are  foriucd,  aiid  i 
MHquichloridc  of  iron  ts  obtained  tn  solution : — 

jHCl  +  Rt.jO,  give  JhO  +  fefilt. 

It  sometiniea  hap|>ens  that  no  cliloridc  conespondii 
oxide  exists.     There  is,  for  example,  no  bicliloride  of 
in  tills  cn»e  1  atom  of  the  hinoxidc  of  inaiigauecc 
atoma  of  bydroehlorio  acid  ;  ■x  ntomsof  water  and  t  Btom| 
chloride  of  manganese  are  fonnrd,   whilat  tlw  soeuitd 
flhloriue  Is  liljoratod;  thiabeiug  in  (act  tkc  usual  ntodeoCi 
dilorine  gas : — 


oiia*«r 


njrdnMftbwto 


OinfAatd 


Wi>ta>. 


MuO,  +  a  HCl   gire    MnCl  -f  3  HO  4- 

Tlie  presence  of  hydroehloric  acid  and  of  the  aolii 
b)  solntiuii  i^  ii>di<.iiu-d  by  the  funimtinii  of  a  white,  ioi 
|iiTcipituU-  oreliliiridi!  urntUnr,  when  a  solutiou  of  ait 
M  added  to  the  liiiuid  :  fur  cxanipk 
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OkWilB 


Ultawv'^ul'i*. 


^1?.';,    jfH^*^^ 


VaCl  +  A)jO,  NO,   give   AgC!)  +  NaO,  NO.. 

pttate  t»  mlublfl  in  ammonis,  hut  ioitoluble  in  nitric  netd. 

AqcA  Rbou  :  Nitro-Afurialic  Aciif. — The  iisme  of  aqua 

gircii  by  the  alchcmieto  to   a  mixture  of  nitric  witii 

arte  acid,  fntin   the  jM)wer  tluit  il  poMeaaa  of  diKfolviiig 

*  king  of  raetale.'    Dotli  plstinum  and  gold  arc  insoluble 

:  acul  K))«ntdjr ;  but  when  tbo  tiro  scitU  ore  mixed,  tlicy 

cli  otbor ;  free  clilorinc,  and  abundant  ruddy  fumes, 

ji    for  pcroxidt!  of    nitrogrn,  bding  liWnitbd,     Tlie 

ifae  moment  nf  ita  extrication  acts  upon  the  metals  and 

.  them.    The  nature  of  the  reiLctinn  mul  the  true  oi>m{)otH> 

ftiinea  were  firftt  oorrocUy  ascertained  by  Gay-Lussac; 

itiuii  formed  indeed  one  of  the  lant  itcietitiilc  labours  of 

ttshtil  clicmiwt  {An».  de  CkimU,  III.  xxiii.  203). 

S'Uric  Oat  (NO,Cy  ;  Roiling  Point,  19'*.— If  a  mixture 

of  concentrated  nilHo  acid  and  3  parts  of  hydrochloric 

[placed  in  a  fluk  and  •ubjcclcd  to  a  gentle  heat  in  the 

b.  A,  fig*  27J,  red  fumea  pas6  oQ'  in  abundance.     Tboic 

Via.  173. 


"'   1  Diroogh  abottlc,  11,  wliicli  may  be  cooled 
.'J  ico,  deposit  il  liiile  volmiliaed  liydrocblorir 
ntrr,  but  the  reil  fumes  pass  on,  and  may  be  eondciuicd 
'     1  lh(-  tubn  rcci-ivfr,  c,  vtbieb  i»  pliingrd  into 
.;t,  while  tree  cUlorine  escapes  from  tbc  open 

1  Z 
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I'xtrriuity  of  tbo  hibc,  c,  uid  ■ppean  in  tbe  botll^  o     Tlw  I 
iDiy  be  [iirM!n'r<]  1)}*  sealiug  up  tbc  Bac  tabm  iiw  >  -'.Iter  m 
m4'(iiii  of  the  blowpipe.    The  object  of  dniwint: 
of  tlic  lulx-',  c,  «  to  protect  the  corks  throu^  .  :.   -LJ 

trom  the  corrosive  action  of  tbc  cbloro-nttrotia  vapour,  fl 
ilrvirt'il  to  collect  the  compound  for  analysis,  a  bcut  tube  GUcj 
chloridn  of  calcium  may  be  intcrpoMd  bt-twccn  n  uid  c,  toj 
nil  IrtM-'ca  of  moiHture.  In  thia  reaction  i  equivalent  of  tuta 
[li-ivimptncs  3  equivalents  of  bvilrocbloric  acid,  producing  i  t 
lent  of  tbe  rcil  connK>uiid  (NO^C'IJ  (nliich  may  be  leniiod  I 
nitric  km),  4  equivalcats  of  irnter,  nud  1  equivalent  d 
chlorino : —  I 

ltllrio«l4.      "ri^M".     CW«2^        v^       cUBrtM.    I 

HO.NO,  +  3  HCl  =  NOjCT,  +  ThO  +  cT. 

Cbloro-iiilric  gas  may  be  regarded  nt  iwroxtde  of  uitna 
wbioh  2  equivaleuts  of  cldoriiic  bare  takca  tbc  pbic«  of  I 
valoiits  of  oxygen.  At  all  tcm]«ntturc.->  aliovc  jy"  it  is  a  p 
drop  leiDon-ycilov  colour,  witli  the  salforatiug  odour  of  aqutj 
It  may  be  condensed,  by  trausmiltiug  it  through  a  tube  suni 
by  a  frvc-Kiug  mixture  of  ice  and  hlU,  vbeu  it  fonus  a  truai 
rvd,  futiiiiig  liipiid.  Water  dccomifUKc*  the  comjKiund  imnMd 
li|ipc«niig  to  dissolve  it :  but  the  solution  contains  bydfd 
ujiiil  and  tbe  elements  of  peroxide  of  nitrogen  : —  I 

GkliXAaiUle  WaJar  roaul*  ur    ll)rilni4lM.  I 

j^  nam.  nnn-.B>ii.  WI.I  I 

I  n5?1|  +  auo  give  No^  +  nici.       1 

A  limSbtr  drcompoAition  eiunin  irhcn  it  is  mixed  with  in  ■ 
lm*c,  for  it  docs  not  form  salu.  II10  gaa  ciuiuol  be  cooliiJ 
mercury,  Hince  it  attack))  the  metal  iiutautly,  forming  caloJ 
llboratiug  dcutoxidc  of  uitrogen : —  1 

NO^l,  +  4Hg  gi«  alHBitil)  +   -     ,-        J 

CMom-Mtrout  Gat  {N0,C1).— ^\^l«u  chlorine  ta  nbl 
(Itfiittixido  of  nitrogen  iu  the  gasoou*  state,  Ui(;y  roiubtnc  «iJ 
II  dviixi;  oraiigc-coluurcd  gaa ;  4  viihimca  of  tlir  deutu^tido  u 
iilihiriito  produce  4  vulumt*  of  the  new  conipouitd.  It  am 
tin  win\  liver  mcrcuiy,  as  it  is  iinuediutcly  deconi|>u>cu 

r  of  o^   il   i*  n'diicetl  tu  a  n^H 
-^^:  l!  coin{uutid  in  udour  uid  UM^H 

^■Aljiiit   ityio,   uudur  cttrUiiu  cirt-iui;atuaa»,   may  pl^H 
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PA  cIiloro-Tiitrotw  gas,  jiwt  ;i*  llic  dctitoxidc  of  iiltrogoii 
hi  tliL-  cirtumataDccs  uodcr  which  it  is  mixed  vitli 
lilrouA  Acii),  or  perosidv  of  oitrogen.     In  the  early 
'       iiiposition  of  a<nia  regis,  t!ie  prtxioct  is  neariy 
'    ^TW  (N'OjCL,),  (jui  ns  the  dccompositiou  advaiicoi, 
kijwutity  «r  chlanj-uitrom  gaa  (NO^C!)  incpcwc*.     Neither  of 
'  'riiiatMl  cuu|MUJi(l8  exerts  any  solrcDt  action  upon  gold 
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(na  repji  n  lAi|;ely  employeil  as  an  oxidising  agent ;  by  its 
I  pcrcbloridcB  of  tlm  nielalx  arc  formed  in  i>oliition,  nnd  when 
qiiiil   i>  tlvcotnpottul  by  on  alkali,  the  oxide  of  the  metal 
H>udiiig  in  eoiii|iosition  to   the   perclilondc  i»  prccipiutcd. 
th«?  •oUitioiin  of  the  mctaU  in  aqua  rcj^a  with  an  cxcen 
Uiiric  arid,  the  wholt^  of  the  iiitrie  Bcid  may  W  dcoom-' 
'tud  »[M*lled,  aiK)  a  pure  solution  of  the  metallic  chlorides 
I  etccaa  of  hydrochloric  acid  will  bo  formed. 

OxiitKS  iir  Ciitx>Kis'C. 

17a)  The  affmityof  rhioriric  for  oxjKcii  is  so  fcehlc  that  the  two 
ih>  nut  enter  directly  into  com  hi  nation  with  each  other, 
eooiponndit  of  oxygon    and  chlorine  may  liowci'cr  be 
by  tudirf4-t  mcthodw.      Fire  of  theite  oxides  will  now  be 
;  llitry  are  ihu  following — 


■■  IMfUtL 


Br 


iloraiiaaoid 
'■riiie 
liirMi  mcid 


aO  =435 

ao,  =  59-5 

C  K>»  =  7.',-5 
CH),  =  91  5 


Cbbriu. 
8l'6o 

S9-66 
6»OT 

aft-79 


OlJBW. 

IS-40 

40-.H 
474' 

irat 


IS)  IlTmciiuiBovx  Af.u>,  or  fftf/wrhlort/ut  AnAi/dritle  [C\0)^ 

> r';  i>.  Or.  2-977;  C'omb.  I'o/.  2;  Jioilhiff  Pt.ti\io\it6«'. 

<  I  a  perfectly  dry  sutc  be  )>a»«cd  slowly  through  a  tube, 
i  >l  with  well  dried  oxide  of  raercnry  obtained  hy  prc- 
..■■■..  aiulutjoH  of  corrosive  sublimate  by  means  of  potash, 
action  commences ;  and  a  gas  is  produced  which  may 
iin^d  into  a  li^iuid  by  Bum)unding  the  receiver,  E,  with  a 
of  ice  and  salt.  The  chlorine  ia  prepared  in  the  fla»k,  A, 
water  in  thu  bottle,  a,  and  dried  by  allowing  it  to 
-  ibc,  V,  which  is  filled  with  pumice-stone  moU- 
■  iirioh 
I  Uitwcrn  the  chlorine  and  oxide  of  mercury  appi-ara 
■.  Au  ciuivalcnt  of  chloriuc  di.-'place*  the 
.....uiy,  and  ibis  vx/gcn  at  ijie  moment  of  ila 
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liberation  anitcs  witli  &  second  cquiralcnt  of  cMorioc  to  fo 
chlorous  anhydride : — 

fi'go  +  cicT  =  H^ci  +  cio? 

Hjrpoclilorou!)  anhydride  U  thus  procured  -m  a  de«p  ndj 
which  omita  a  rapour  of  a  deeper  colour  than  that  of 
with   a  ))«cuUar  siiBbcating  chloruuN  mucU.     II1L1  rn]; 
markahle  for  the  caac  with  which  it  is  dcoom|>o».-d,  the 
the  hand  cauning  it»  »ciuira(iun  into   chlorine  auil  o\j 
csplueion;  2  Tolumca  of  tho   ardiydndc  in   this  vis; 
mixture  eoinptiHod  of  2  volumes  of  chlorine  and  1  volume  of  ^ 
The  composition  of  the  gas  is  therefore  as  follows : — 


Chtoriao 
Oiygen 

HjpodilorovB  ) 
BL-id  j 


0 

CIO 


■'—«"■, 

D7  nduiw.               tp, 

8         18-4 

iot  ro    =    n 

1       O-S     >:     »£ 

43'6   iQO-o 


1^    = 


Water  diseolvvs  about   200  times  it*  bidk  o'  ' 
ncid  gm,  and  forms  with  it  a  ftie  ydlon  folutUin, 
acrid,  but  not  sour  taste.     In  a  coaceutratcd  forui  tbia 
very  unstAbte ;  it  ax-U  a*  a  po«<;rful  oxidising  n^'> 
dDcatnpoHcal  when  vi]wm.iI  to  tho  light,  liuhhles  1  ■ 
froo  it,  whilst  ohioric  acid  ia  fonucd.      Cliorcool,  iitdine,' 
arlcniuRi,  phoNjiliiiniK  r       ,  '  "     '     ;  1 1 

cutu]Mfi>c  a  Milutiun  of 


arpocaLOHQUB  acid. 
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ipertivciT  into  curlioiiio,  iodic,  siil{i)iuric,  eclcnic,  [ilirHii'linrip, 

iDil  ai)tiiiKiiti<-  ai-iiik :  if  tbc  solutiou  he  t.'oiiociitniU.tl  the 

I  wmrtimts  atUriidctl  will)  esploftioD.     Iron  filings  are  alio 

itcly  oniilupi]  with  evolution  of  clilonnfl.     Silver  la  con- 

into  L')iloriil(!  wliilnt  osvgrn   is   lilK-ratcdj  and  copper  ntid 

oumliine  with  Lutb  tlie  olotnenU  of  the  acid  and  src  con- 

■hltiridi'ji.     Tli«  contact  of  chloride  of  silver  with 

'      <     the   arid  also  dcoomposcs  the  Intler,  cntisiiig  the 

of  its  oon*titucnts  in   the  ga»Dus  form,  whilst   the 

'  K-  spiicars  to  hare  undergone  no  altenition.      Ifypo. 

-Uickji  thv  lOtin  iind  turnK  it  lirown ;  hut  its  most 

nt  property  ia  its  bleaching  power,  which,  according  to  the 

p  "  <  inj-LiiiLike,  i»  twice  ax  great  oa  tlutt  of  the  cbloriue 

U  tin.      When  hypochloroua  acid  or  any  of  ila  salt*  ia 

■ith  hydrochloric  itcid  Jn  csccms  bq  atom  of  each  ani]  u  dc- 

B^MAicr  ia  fonuM),  anil  2  atoinii  of  chlorine  are  liberated  :— 

'         HCl-t-ClO  becoming  HO  +  CICL 

[mint  of  (Uil  ammoniac  he  enspcudnl  in  a  mIu^od  of  hyp<H. 
aciil,  nily  looking  drops  of  the  explosive  chloride  of  uitro> 
j)  an  formed. 

blorona  ncid  comhincH  with  the  alkalies  and  earths,  and 
itb  thnn  salts  termed  hupochloritei.     These  compounds 
ipntnl  o*on  by  feeble  acids,  such  as  the  carljouic ;  and 
odilorona  acid  tliiu   liberated  shows   its  usual  bleaching 
Tr^^lahlr  colours.     Thv  solutions  of  tlic»e  naltK  arc  Ae- 
heating  them,  and  they  become  coavcrtod  tuto 
_      J       ,  !l'  nntl  chlorate:  thus — 

■nwMHWa  CUniiJa  of  rUmla 

il\i-MA-  pMaMlnB.  at  p«tah. 

(KO,  cio)  become  a  KG  +  KO,  ClOj, 

U  retardwl  by  tlic  addition  of  an  excess  of  caustic 


rino  act«  upon  tmfies  vhicli  hare  but  a  fcohlc  affinity 

•e  liuitc*  are  often  completely  ilocomposcd.     In  cou- 

itbt»  rtuu^litin,  a  weak  wUition  of  hyiiochlorous  acid  is 

by  aptalin;;  i  part  of  the  red  oxide  of  mercury  witli 

|-«atrr  in  a  Uv^i-  lx>t tie  of  chlorine  gas,  care  licing  taken 

of  iDcreiiry  ia  in   stijibt  excess.     The  chlorine  is 

part  of  ibe  oside  of  mercury  is  deoompo?cd  by 

aitil   the  chloride  of  niercur)-  thus  produced  unites 

I  oxide  of  n)orcnry,  forming  a  brown 

kl>'ti>...    -  .'...I  metal;  th<T sedition  on  beiiig  dccaiiled 
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is  founcl  to  contain  hypocUoroiu  acid.     The  rcaob'oD  maj  \ 
pn»c-uktl  as  follows  : — 

Oildc of mnwrj.   CliWm*.      OiphbriiWrfiWBiy.  BypuWaf. ««iti 

{u^  +'cicr=  (aiigoli^ci)  +'cla 

(319)  Shacking  Compotindt. — If  Uie  base  upon  which 
ta  mode  to  act  be  a  powerful  one,  like  the  alkalin  or  1 
vnrtbK,  the  gKK  ih  nhkorbed,  and  pcculinr  compouuda 
bleaching  properties  are  prodnced.  It  is  iu  this  way  tt 
bleaching  oonipouiuls  »o  cxlcmivdy  iiwd  in  tite  aru  uod 
DBincs  of  chloride  of  liioo,  cldoridc  of  potash,  and  chloride  1 
are  prepared. 

Of  these  hlcaehiug  compounds  the  chloride  of  lime  is  thai 
importMit.     It  is   prcitanMl   by  slakin|f  well-hurut  lime, 
posing  it  to  the  action  of  ch  lorinc  giut  in  layers  of  3  or  3  in 
thickne»»,  upon  perforated  sbclvcs  in  cliamlters  mnile  of  le 
Yorkshire  flagstanea.     The  chlorine  must  be  admitted 
in  order  to  prevent  too  rapid  a  riK«  oftemponturc  ooiiM'queBt^ 
a  qoiok  absorption  of  the   gtt*.     If  the  heat  1>c  allnwed 
bejoiid  100°  or  110°  F.,  a  quantity  of  chloride  of  calcium  . 
chlorate  of  lime  is  formed,  the  reaction  Ixfiiig  itimilnr  to  that  I 
occurs  during  the  prepmratioQ  of  chlorate  of  putiwli  (321), 
lime   (CaU,  HO)  mny  in  thin  ojieratiun  Iw  made  to  take  up . 
luUf  itH  weight  of  chlorine;  but  it  i*  not  pouible  to 
hydrate  of  lime  in  the  form  of  powder  with  an  entire  eqiiit 
dilorinc  mi  ns  to  form  the  compoimd  CaOCl :  the  prudmrt 
contains  a  oousideratilc  excels  of  uncombiiied  liiuc.*      Mauj 

*  A  r«<r  jrnn  ■ro.  ilr.  DuuloD.of  the  St.  Rollov  VTorlu,  Ola*:r  -   ' 
duwtl  n  method  of  ftvpuiojt  dilonu«  for  Ike  iiiuittfiicture  c 
powder,  by  decompotinjt  a  niixtar«  of  common  ult  and  nilrmir-  >  < 
■alpiiiiric  sc-id.    In  llits  optmljoa  chloriiio  and  niinyiiD  a< 
wkilirt  nilplmte  of  »odn  u  produocd  i  tlu>  raacttoa  Biaj  b«  ■ni'^ 
tiOM  following: — 
CUir.Bd.  Nllnt>«rt«dh  fclpk  Mid.        MpkUoTloi*.     CUnrtM.  ' 

HiiSl  +  Vl6.  Nb.^+  3  (Ho".  80J  =  j^nToTsT 
Hie  miied  gaws  nre  mtidu  to  pua  tlin^iiicti  a  vn> 
by  which  ibo  nitrotu  AGid  is  ra^ndlf  atworlMvl,  n 
to  tlir  liiiM),    A  curreiit  "f  air  u  Kadc  to  act  01 
liT  which  Uin  tiitrcrux  miid  l>reomi«  «>iir>-Tt<Ml  i 
aliMrptiua  i>f  oxji^n.Bad  tlic  raisrdatfi' 
,  iJde  of  widiiim.  wiitinut  llie  nddilioD  of  1 
el'  deconiiHMittoM : — 

3(H0.tiU^  +  (HO.NO.l  +  a'stcisa'Ts.. 
TIh'  nitrooi  tul]<tini- 
LChamhttrs  in  th«  un 
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ruiKT'icr  hntii  tliiR  cnn)i>nand  and  tlie  corroiponiling  com- 

«ilti   potiksb   uiid    Hodu  to  be  hypochlorites  of  tlic  bun 

enter  into  ibt-ir  formatioa :  m  tliia  ca»e  they  must  be  doable 

1 1/  llie   Iiypocbloritc  of  the  oxuic  and  chloride  of  the  mctitl. 

[iiowncr  u  more  tlmii  ijuestionatile :  tliojr  are  probably  direct 

tiniia   of  cblorioo  with  tbc  osidcs.     If  the  compoiiDtl  be 

10  b»  n  pure  chloride  of  time  or  oiycUlondc  of  ntciain, 

li<m  id  Bimi'l}-  an  at»orptioD  of  chtorine,  by  irhich  the  coiu- 

1,  is  formed  ;  but  if  it  lie  »up|>osed  tluit  a  liypockIo> 

j-iu>.i..:i-d,  tbe  folloniug  dcconi position  must  occur. — 


CUoiiOf. 


UrtwhtMU 

irfKlH. 


W*T. 


(CiO,  »0)  +  ClCl  =  CaCI  +  CaO,  CIO  +  s  HO. 

ie  o(  calcium  is  dcliquewent,  and  is  soluble  in  aloobol ;  but 

^B);  (lowtlcr,  when   properly  made,   is   not  ddiquesccnt,  aud 

I  trorccly  ntiy  chloride  of  ailciuni  to  alcohol. 

bloridc  of  lime  emits  tbc  peculiar  odour  of  bypochlorous  acid, 

InptMcd  to  the  air ;.  under  lhe«e  drcu  instances  it  gpniduaJl} 

|)m  rarh'Hiie  add  and  cxlialcs  chlorine, — a  circumstance  wbicb 

I  il  to  be  fraiucittly  uaud  aa  a  dinicirccting   itKent.     Clotbs 

in  au  aqueous  solution  of  tbe   chtoridc,  when  bong  up  in 

I  to  |ii^  fuiuigau-d,  continue  for  many  bour«  gra<lunlly  to 

n'l.i-.  but  in  ifuantities  too  small  to  be  injurious  to  the  )□- 

I  i<ic  of  lime  ia  only  partially  soluble  iu  watCT)  aud  leaves 

:  (CMilue  of  hydrate  of  lime.     An  excess  of  any  acid  when 

lapin  the  jionidor  causes  a  Iroc  evolution  of  cblorinc;   but 

laqnmiu  sulutiuu   be  mixed  nitli  half  the  quantity  of  suU 

ra  ' '  '  'd  to  neutralize  the  lime,  bypochlorous  acid  may 

|l  li   comlensod  in  a  diluted   form  in  a  suitable  re- 

Tbo  rvaction  whicli  occurs  may  be  thus  represented: — 


krfhM.       fcM>.Ma. 


0tf|ll.liKM.. 


ClUorid*. 


:i)  +  HO,  so,  yieW  CaO,  SO,  +  CaCl  +  HO,  CIO. 

of  liioc  is  oousumcd  iu  vast  quantities  in  tbc  bleach' 
nuil  other  woven  goo<U.     Tbe  calico  is  well  washed, 
Ifueouswrcly  with    lime  water  and  a  weak  solution  of 
lands,  in  onl(7  to  rpmuve  tbc  weaver's  dre»»iug,  and  greasy 
'■■■n  ;  it  is  then  digested  in  a  solution  of  chloride 
^  3  or  j^  ])cr  cent,  of  blenching  powder,     llic 
lit  thia  solution  is  not  honever  reudereti  ap|>arrnt 
FiQcrwcd  in  very  dilute  sulphuric  acid,  wliirli 
t;   uf  lime  immcdiaicly,  and  by  liber;ittii^ 
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dtlorine  wilhin  Uie  filire*  of  tlie  clotli  iticif,  rapidly  r 
oolour.  Still,  however,  it  is  uot  perfectly  white.  Tbo 
thciefbic  i»aBhe<t,  nix)  k  kccoihI  time  subjocttrd  to  the 
allcali,  to  renwre  tlic  colounug  matter  now  reud<.TCtl  mI 
bir  the  action  of  the  chlorine  ;  again  it  is  passed  througli 
Bolutioii  uf  chloride  of  ]iiiie,  and  theu  through  dilute  nri 
it  is  thoroughly  wctslicd  in  a  copious  stream  of  water,  ii 
rerawe  the  Uat  iracea  of  sulphuric  acid,  which  would 
oy  the  fibre. 

(330)  Etitimaiion  oj  thf  BUacking  Powtr  of  Chloride 
— The  commercial  value  of  bleaching  powder  depeotb 
qtuintit,v  of  chlorine  whit^h  eiin  be  liberated  from  it  by  tb 
of  au  acid ;  for  it  is  this  portion  of  its  chlorine  only  whi( 
nblefor  hlcaching  purpo*c».  Gay-Lu»«c  piopoecd  to 
Meactiing  power  by  measurement  of  the  bulk  of  a  solutios 
of  known  strength  which  n  giveu  weight  of  the  chlorido 
d«]>rive  of  it«  blue  colour;  and  tubaequently  he  deter 
amount  of  available  chlorine  hy  tlic  (|uaiitity  of  a  standar 
of  urf«iiiuii>>  acid  wliieli  could  be  couverled  by  a  k 
tlie  bleaching  powder  into  arsenic  acid. 

A  still  more  eonvetkicnt  plfui  has  been  di 
It  depends  upon  the  determination  of  the  quantity 
of  iron  whicli  a  giren  weight  of  bleaching  powder  in  tli 
bof  ui  excess  of  aeid  can  convert  into  a  nalt  of  the  m»( 
Firon  :  if  protostdphatc  of  iron  he  used,  1  atom  of  chloi 
quirc<I  for  tlw  conversion  of  i  atoms  of  that  salt  into  I  at 
quisulpbatc  of  iron ;  the  cblorino  decomposing  water  am 
hydrochloric  acid,  while  it  liWratcs  a  corre«poniltttg  1 
oxygen,  which  combines  with  the  protoxide  of  iron :  tl 

a{PeO.S0j)  +  adlO.SO,)  +  CaOCI  = 
Fc,0»,3S0j   +   HCl  +  CaO.SOj  +    HO. 

Serenty •eight  grainx  ofcrystallizctl  prolmidphato  of  ira 


(II  a  BUUIUBI 

>y  a  kuowtt 
luantitT  ^1 


fio.  j;5. 


([uaiitity  of  prolotiile  uhicli  ri'qiii 
chlorine  for   its  conversion  into 
iron.    In  making  an  espcrimcnt 
of  M  bleaching  powder,  78   gniins  ol 
crystalfl  of  the  protO!>ulpluilc   are 
about  a  ounces  of  (■^-*  r    -■  ri  acid 
sulphuric  or  hvilrocli,  ;  30 

bleaeht'i{;  iwwder   are   rul>l>nl   01 
with  a  ounces  of  warm  w;i"  -  - 
a  Uuivtte  or  tnll  namtw  '. 
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looo  gnunk  of  wnttir,  and  graduated  into  loo 
(ram  above  dowiiwanK  Tlte  tnortar  U  wA»hed 
iiltlo  moro  water,  nud  tlio  wBahiiigs  added  to  the 
ttc,  wliicli  is  filled  up  exactly  to  o*.  TIwj 
TO  cto*<(:d  with  the  finger  and  thimib,  and  the 
tf  ilie  Teaed  are  mixed  th4)n>ugh)y  liy  agitatioti.  The 
uf  chluridr  of  lime  is  tltcn  added  gradually  to  the  suU 
irao,  (oonataiitly  klirring  Uic  miiturc,]  until  the  whole 
w  ia  |ieroxiditod.  The  prc^rcas  of  the  oxidation  ia 
meaaa  of  a  srjlutiun  <if  the  red  pruwiate  of  potash, 
a  doep  blue  writh  the  liquid  if  it  contain  aiiy  uu* 
|lrul(M III  |i hate.  Srrcrul  dnip*  of  thin  liqnid  arc  »)Mttcd 
;  'I'l.-,  uud  af^r  na^^li  addition  of  the  chloride  of  lime 
::it«,  ndropof  tlieimnnulutioti  is  mixed  with  one  of 
the  addition  of  the  chloride  is  continued  so  long  aa  the 
iir  ft]i|H^ar«.  Tlie  •tronger  tho  bluichi^g  jK>wdcr,  the 
lie  the  numl>cr  of  dtTiRioiis  reijuired  to  Iw  poured  from 
:tc  Thia  number  of  divistoua  divided  by  2  vill  in(li<.-ate 
gniinA  of  bleachiiijE;  {lowder  which  contain  10  grains 
liluhiie.  The  stn-ngth  of  tlie  powder  ix  therefore 
the  following  proportion,  lu  which  in  reproBeuts  the 
measurui  poured  from  tlic  burette  :-— 

:ico:«  (the  number  of  gniiuB  of  chlorine  in  ic»gndiia 
of  tlie  powder) ;  or  ^s=  x. 

couvertiug  a  protoxide  of  a  metal  iuto  one  of 
T^  by  lueana  of  chloride  of  lime,  ailmitii  of  being 
variety  of  other  coses,   a   solntioit  of  chloride  of 
niised  with  hydrochloric  acid,  i>eing  in  fact  a  powerful 
a^fiit.      Peroxide  of  bicmuth,  of  cobalt,  of  nickel,  and 
ay  be  obtaiued  readily  by  adding  a  neutral  solution  of 
'  ltm«  to  neutral  solutions  of  tho  salta  of  these  mctuls 

rl. 

.Vein,  {nO,C10,=9  +  75-5). — This  ooropoimd 

in  tiio  Anhydrous  form,  and  ba»  never  been  obtained 

Ivalonl  of  water  as  a  hydrate  (HO.CIOJ.     If 

1^  iw  cuiiNi-d  tu  piiMt  tlirough  a  Mtlutlou  of 

ia  mpidly  alieorlied,  even  when  tranamittcd  in  a 

1,  and  a  blenching  liijnid  i*  formed,  wbirli,  on  the 

tlicat,  loao  ita  blcaehuig  properties,  and  i^  gradually 

a  miituro  of  ohionde  of  potassium  and  chlorate  of 

fniralentn  of  chlorine  uikI  f}  of  potft»h   fiimi«liing  5  of 

aiuiu  and  i  i;(|uivalcnt  of  tlic  cblorato : — 
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6  CI +  6  (KO,  HO)  =5  KCt  +  K0,C10,  +  6  uW 

The  chlorate  of  potash  hdng  sporioKlj  solabic  U  frc»I  M 
clitoride  by  two  or  three  cn'^tallixations.  In  order  ul 
chloric  BCul,  tlic  Milt  in  dccnmposnl  by  the  uldittou  of  bra 
rilteic  acid,  which  fonns  an  iiiwiliible  compouti<i  with  thai 
artil  chloric  acid  is  liberated ;  the  add  solution  may  be  pen 
from  the  precipitate,  and  concentrated  by  evaporatioii  over  ttl 
bstli  at  n  hcnt  not  cxccctling  loo^  F.,  till  it  fortDs  a  syrupy  I 
»  faint  chlorouH  Hinell,  and  a  iiowerfuUy  acid  tnatto.  It  U  a 
decomposed  by  contact  with  organic  matter,  and  in  itiJ 
trated  form  it  chant  and  even  sets  tire  to  ]»■]><»-.  Ky  n  tempJ 
little  atKive  loo"  the  acid  is  decompowd  into  oxygen  ga»,  ■ 
Biid  pcrrhlorie  acid,  a  (IIO.CIOj)  yielding  IIO.CIO.  +  110  J 
In  diRuscd  daylight,  it  gradually  nndcrgoee  spontaneous  dl 
ailion.  On  om^occuMon  a  small  upccimcn  which  I  bad  ■ 
in  a  glass  tube  was  placed  aside  upoti  a  sbelf;  but  in  a  fei 
although  left  untoucfacd,  tbc  tube  exploded  in  conscqucnJ 
expansive  force  of  the  liljcmted  gu*es.  I 

Chloric  ncid,  when  in  combination,  requirca  a  highed 
ratnre  for  ita  decompoaitiun,  Ttie  action  of  be*t  upon  1 
of  iwtash  hnft  already  been  mentioned  as  affording  a  very  cm 
eouree  of  pure  oxygen  (385).  Tlin  Milt,  when  heated  to  ■ 
little  short  of  rrdncss,  fuses  and  is  converted  into  chloridl 
tasaium  and  oxygen  gas;   KO,  ClO^  becoming  KCl-fO,.  I 

This  decomposition  also  furnishes  data  for  a»ccrtainin|;  I 
pcnitioa  of  chloric  actd  ;  for  if  a  given  weight  of  the  ehl 
calcined  with  suitable  precaution,  the  loss  indicates  tl 
qnantitj  of  oxygen  whicb  it  coutained,  due  both  bj  thl 
acid  and  to  the  |>oiasli.  The  proportions  of  chlorine  and  I 
sium  ill  chlonde  of  |x>taa«iutn  being  known,  tlic  coiu|K| 
chloric  acid  is  readily  calculated.  I 

Chlorates. — The  salts  of  chloric  acid,  or  the  rAJioil 
monoltnsic.  All  of  them  are  decomposed  by  hint;  otyd 
pell«l,  and  generally  a  chloride  of  tbo  metal  is  Icfl  fa(d 
chloride  can  bo  dctci-trd  in  ihr  rraidtie  by  nitrate  of  silrJ 
diloratoe  prodnoc  unnlillation  wIh-u  thrown  iijion  ignited  J 
ntid  when  he-»tnl  with  cumbnsttble  subetaiiccK,  i>urh  aa  pU 
oi  ^  thry  cxplmlc  violently ;  itgcoerali  1 

I1  ill  thcHi' iHidiraianUBdBotlacaoMiLi  ^  u 

ffir  i^ani[)lc,  if  lutlf  a  groin  of  tiilpbur  be  tiituratiM  iu  I 


«i 
will. 


th  1 


>lc  of 


!i  a  Hu ' 


•lOIU. 


\'. 
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afotl  of  vitriol,  a  ycUoir  colour  is  produced,  toil 
'ttAoar  of  peroxide  of  cliluriiic  it-  crolvcd.  Mftuy  of  the 
I  we  delli]ueM-cti( ;  tbcy  are  all  soluble  id  water;  tlie 
ed  vitb  Uie  suboxide  of  mercury  is  least  so ;  their  Eolutiou 
rwtfitatod  hy  uilratc  of  silver  -,  maiiy  of  them  also  arc  imlu- 
eoboL  Paper  Kiaked  in  n  wluttou  of  a  chlorate,  and 
D  diy,  acquires  the  property  of  siuouldcring  vrheii  kiiullcd, 
I U]  Uir  Kame  maiiticr  a*  t>iuc)i-p3{K-r.  Tlic  clilorates  when 
ni,  cveu  in  small  qiiautity,  may  readily  be  di^tiiiguipibcd 
tm,  by  adding  fint  a  few  drops  of  a  Bolutioa  of 
n  a  solution  of  sul|ihuroua  acid:  the  blue  eolour 
ppean  even  without  the  upplicattou  of  beat,  but  it 
vben  nitrates  only  are  preacnt.  The  cbloratcs 
,  and  silver  arc  anhydrous,  tliat  of  baryta  contains 
,  and  that  of  strontia  6  atoms  of  wafer, 
rate  of  poUwh,  wlieit  in  solution,  often  alTonls  a  convenient 
rf  converting;  the  metallic  protoxides  iuto  peroxides ;  since 
dituQ  of  Itydrochluric  acid  to  tho  solution,  chloric  acitl  is 
irty,  autl  exerts  itA  oxidisiiijj  povrer.  Iron,  for  example, 
tisu  iu  a  Molution  as  a  protoealt,  is  thus  readily  converted 
malt  when  the  litjuid  ia  boiled. 
I*tK(  uutMu  Aciu,  (I10,CIO,=9  +  9r5). — If  instead  of 
(C  chUiruto  of  |>uta»h  to  ooniplvte  dec»inix»ition,  the  tcin- 
L  rated  and  the  procew  stopped  whcu  one  third  of 
-,.._..„i|  of  o»ygen  ha»  been  expelled,  the  maiw  will  have 
puty  condition,  and  will  Iw  found  to  contain  a  com)>ound 
3  ntill  hii;hi'r  pr«portio«  of  oxygen,  to  whirli  the 
.-- ..  nc  acid  has  l>ceu  given;  this  compound  remains  in 
with  tlw  putiuh.  Tlie  reaction  appcara  to  emisist 
ititJii  of  2  atoms  of  the  cblorutc  into  I  atom  of 
IKO.riO,)  and  i  of  chlorite  of  pota$h  (KO.CIO,), 
«alt  lieing  unable  to  exist  at  eo  hiith  a  temperature,  is 
oouTcrtcd  into  oxygen  ga»,  and  cliloride  of  pota-^^ium, 

ISRblmita  rtiVmip        Cblnrtd'         n.._. 


)J-KO,CIO,  +  KO,C10.;andKO,CIO,=  KCl  +  0^. 

Jlixatiuii  thu  pcTchlorate  of  potash  is  readily  scparatud 
■'    ill'.   The  |H.'r(;liIoratci»  fivL-ly  dissolved 
:ilt  is  much  less  soluble  at  ordinary 
ctyatallixea  from  ttie  solution  aa  it  cools,  am) 
At  a  red  heat  tJtc  pcrcliloriitc  i-t  itself 
.  cltJuritk-  of  jit^tassjum.     Ouu  niclhod  o( 


■ 
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obtaiutng  perclitoric  acid  in  i\iv  form  of  bj-ilrate  cnnsirij 
ling  the  pcrclilursto  of  potiuli  nitli  twice  iu  wviglit  of  »u 
diluted  prevtoualy  with  one  tenth  of  its  wcij^ltt  of  VAt^trt' 
receiver  be  kept  coot  bj:  iuo,  tlvc  tint  potiiuns  llint  distil  over 
Ullize ;  a  Large  proportion  of  the  add,  Imwerer,  is  decompoaa' 
chlorine  and  oxygen  gasc».  Tbc  crystals  of  the  acid  am 
deliqite»ce»t ;  »  !>aturat«d  solution  may  be  obtained  of  *f 
gravity  of  1*65,  nUicb  may  be  distilled  iu  great  part  uDaltem 
tempcrittiirc  of  392°.  Tltis  ju)lutioii  ix  of  a  {lurely  sour  tari< 
does  not  destroy  vegetable  colours ;  porcbloric  acid,  indeed^l 
most  Htublc  of  all  tlie  oxidcn  <>f  dilorinc.  It  will  evcu  dinallpj 
and  zinc  with  evolution  of  hydrogen  gas.  J 

Perchloric  acid  forms  Uto  f*\Vi  knowo  as  fUTckhretf*  i  ft 
contain  I  atom  of  base  to  i  of  acid ;  and  in  ^naral  are  dcliqod 
I*Ione  of  tbcm  fire  inMilublc,  tbongh  Hx  pcrclilofale  of  [ 
requires  npwarda  of  1  jO  times  its  weight  of  cold  water  fur  mbi 
tbc  «dls  of  this  acid  with  soils,  baryta,  and  nlver,  are  solul 
alcohol.  All  tike  perehlorates  are  decomposed  by  heat,  ^ith  1 
tioa  of  oxygen  aud  formation  of  a  chloride,  btit  titer  may  Ik  i 
guisbed  from  the  chlorates  by  not  yielding  a  yellow  gai< 
moisbencd  with  nil  of  vitriol.  M 

(323]  CiiLORova  AciD;  Clilorota  Anhydride  (ClO^,  n^| 
59*5) :  Sp,  Gr.  a-646,  Comb.  Vol.  2. — ^This  substaoec  mifl 
taincd  in  the  form  of  a  ga8  of  a  deep  yellowish-Kn-eQ  mlour  ^| 
liquefied  by  exposure  to  a  tcmpenttare  of — 4''  F.  Uhlorofl 
dride  is  a  dangerous  oomponnd  to  prepare,  as  cx|)Oi>uni  ifl 
pcrature  not  much  cxci-cding  130°  F.  is  safficient  to  dccc^| 
with  a  iwwerfiU  explriHtoo.  Contact  with  mmt  couiburt^| 
metallic  elements,  such  as  sulphur,  sclctiiam,  tellurium,  afl 
pburuN,  dtjcomposcs  the  gas  with  cxploMon ;  antcnii-  has  fl 
effect.  Most  of  the  mctaU — incliuliug  copper,  lead,  tiu,  iM 
iron — ore  witliout  action  upou  it,  but  mercury  obsorln  it  oofl 
A  eolntioD  of  the  acid,  Iioncvi-r,  oxidtMS  all  these  tnat|M^| 
commonly  yield  a  mixture  of  chlorntc  and  chloride,  cn^^H 
acid  be  in  cxochs;  thus,  3  Zn-f 3CI0,=ZdC1  +  ZdO>^^| 

Tha  compoHition  of  elilorous  add  gas  is  the  Ibllov^^H 

CUorliMt    CI     s=  355  or  s}66 
Osygto     0,     =  340       40\M 

*^Sr^  )  CIO.  =  S96      •<»«      "Oftoo       3       «-«i 

Tbii*  pn*  i»  soluble  In  atuitit  one  sisth  of  itab't"-     '  -j 
aolatiult,  evcu  when  diluted  very  largely,  has  a  ' 
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is  prvparol  bjr  d«osKlixtng  chloric  BOid ;  this  olqeot i 
IiT  nienD^  of  xrscniotis  acid,  M'hen  tlic  f;3»  is  required  Jal 
:  uf  (nirity.      Tlircc  pnrts  of  ancDtoiu  ncul  luid  4  of  clilorstel 
WT  rultWtl  a\i  into  a  paiitc  with  miter,  aiiJ  if}  parts  of] 
acid,  of  s)>.  gr.  l'£4,  ux;  added;  the  nholc  ia  placed  ia 
:  Uwk,  which  i«  Hllcd  up  to  the  neck  with  the  mixture,  and 
I  {puUe  UcAt  is  Applied  lijr  means  of  a  water-bath  (Millon, 
».  df  Chimie,  III.  vii.  322),     The  gas  miut  he  eollectcd  by 
fbuement  iii  drjr  ImtUeB,  as  it  is  rapidljr  decomposed  hy  mercury. 
tliM  (iper^iMii,   tlic  tursoDiouN   acid    becomeR  oxidiu-d  Rt  the 

R<if  ibtf  [lilric  acid  ;  nitrous  acid  ia  formed,  and  this  iu  turn 
nrUnl  into  uitric  acid  l>j  dvoomixMiug  the  liberated  chloric 
T  cuunple — 


A«0,  +  HO,  NOj  =  A«0(  +  HO,  NO. ;  and 


tffMwk. 


Cliliiriiiu 


■  HO,  NOj  +  KG,  CIO,  =  KO,  'S0^  +  CIO,+  IIO. 

CUorotis  acid  ponctus  couxidcnihlc  bleaching  ponor ;  itoom- 
» (Juwijr  with  boaea,  and  forma  dcRnite  salu,  termed  rMorilea : 
itaio  I  atum  of  acid  to  i  of  hue,  like  chh>rite  of 
},  CIO3),  which  is  deliquesoont :  if  its  solution  be  slowly 
to  dryiuss,  it  is  converted  into  ■  mijiturc  of  ofalorido 
nf  the  base,  iu  equivalent  proportious.  The  chloritcs 
,  bftfyln,  mid  stroutiii,  are  also  deliquescent.  The  chlorite* 
npiMed  by  U>e  fivblc^t  acidt,  such  even  aa  cnrbonic  arid. 
1  of  load  produces  n  sulphur-yellow  »cnly  precipitate  in  their 
s,  owijiK  10  the  fitrmation  of  a  chlorite  of  lead  [PbO,  ClOJ. 
I  i.r  '  also  yRltowish  and  insoluble. 

:rJ<<  'luy  be  diHtingui^hud  from  the  hy[>ocUlorites  by 

Iftxm  of  A  mistun  of  arsonious  add  iu  nitric  acid,  which 
^iJ.  ''      ' '      !iiug  power  of  the  chlorites,  whiltit  it 

ilurites.     Their  sulutions  deoxidise  aa 
vilution  oi  pcrinuuganute  nf  potash. 
()  PnuxiM  or  Chu»uinb  (CIO,  =  67-5) ;  Co/crf.  Sp.  Gr. 
I  IktUiiiff   Pt-  AK".— ThiH  eompooiid  is  gaseotis  at  onlinary 
»,  but  by  sliKht  prcssmx',  or  by  exposure  to  a  cold  of 

-  '   r-ihle  tu  n  red  liquid.    The  gas  iaufacolour  still 
f  chloroas  ncid,  und   bus  u  similar  but  less  irri- 

r«loV.     WaU-r   diMolrt-n  itlKmt  20   tiinen  it^  bulk  of  tho 

-  ■-■"   ■.(■  solutiun,  whicli  bleaches  powerfully.    Tlie>, 
ta  iu  prcparultuii,  lu  a  teiu|icniture  of  140'^'' 


'wk 
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or  14,;^  dctcnoincs  its  cxploeion,  4  volumes  or  this  pia  rum 
a  mixture  of  4  volumt:ii  of  oxygen  oiitl  2  of  cliIoHnc,  its  1 
titiou  bciiig  thus  rcproscDtod : — 


Chtorino 
Oijgen 

Fmoxideof 


8r  ■*)(»•■ 
CI      s=   35  5  or  .^jsg 
O,     =  3»o       4;-4i 


3  or  o'5=  i-»d 

4  1-0=  ric 


|cio.=  isrs 


100*00 


10 
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Peroxide  of  clilorinc  may  be  ibus  oblainecl : — FuHeil  dl 
of  potssb  is  broken  into  coanic  fragtueuU,  ami  trralcd  wit 
tliinl.i  of  iu  weight  of  oi)  of  intriol,  the  action  being  fkvoum 
very  ^ntle  beat.  The  reaction  is  rattier  complicated ;  4  j 
of  sulj>huric  acid  dccompoeo  3  of  tbc  chlorate,  1  atom*  i 
peroxide  of  chlonnu  ei>c«|)e,  irhiUt  2  atonts  of  acid  aoJ 
potikah  and  t  atom  of  pcrctiloratc  arc  fonned : — 


OUanU  of  p«lMb.  HDliilmrl*  ■ 

JIko,  cioi  +  rfnorso^  « 

FMa.thlariM.  r<nhl<uM*arp*tHb.  Md  «iil|i1wU  afrnteA 


I 


Fio.  »;IS. 


a  ClO^  +  KO,  CIO,  +  a  (KO,  UO,  2  SO,)  +  2  Ua 

Peroxide  of  cliloriiie  acta   rapidly  upon  mercury,  ami 
tberefurc  be  collected  by  dieplaccmcnt.     iferc  contact  «ttb.| 
oombuiitible  matters  at  once  ilctcnniti«»  itv  explocioD.     PbQ 

iaataacc,  4  or  5  graitis  of  chlorate  of  potash  at  the  bottoiu  of  1 
gInM,  aiul  pour  upon  it  a  little  ymteri 
liavitig  placed  tlic  ^U<»  in  a  dt'i  '  ' 
276),  add  a  piece  of  pliospliori 
the  aise  of  a  pea,  and  by  muana  1 
niiiiiel  potir  elowly  iu  about  a 
of  oil  uf  vitriol ;  llaabea  of  a  bcai 
%ht,  attended  with  a  craoklini; 
be  immediately  produced.  If 
ami  cliloraic  uf  potaali  \x 
dcrcd,  aud  mixc<l  in  ci|ual  j 
each  other  on  a  fihoet  of  paper,  1 
Hpatula,  tbr  atldiltuii  of  a  drop  ttt  i 

acid  will  liberate  peroxide  uf  chlnnnc,  itliii-h  nill  tie 

tbr  cDiuliitxtililo  matter,  Miul  ^  "    -  "t  heat  will  IjeomlC 

tbv  inatw  to  bunt  inliiflxmr.  1>t;mt<>«ith 

Pentiide  of  fhturitie  ia  mil  1 

Rolutiuti»,   hnwrti"     :'    .-'■  ■ 

yield  a  mixtuTL 
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ChV>riiaiirr"*«l)-      CUmHagwIi 


Wiitt 


^.  a  (RO,  IIO)  -  KO,  CIO,  +  KO.CIO^  +  %  HO. 

oxuli^  of  chlorine  haw  been  obtAinci) ;  they  have  k 
whu.'h  may  ho  cxptaincd  by  coasidcrin;  them  u  com* 
>iu  ndt!  witli  chloric  or  with  pcrclilunc  acid  ;  they 
it  hut  few  [mints  of  interest.  Davy's  euchiarine, 
ftruUed  oil  g<;iiily  heating  k  chlorato  with  hydrochloric 
kVcUow  ux|>lu3i>'c  gas,  consistiDg;  of  a  mixture  ofchloriue 
of  tbcec  coiupumid  oxides,  tho  cJtloro-c/itoric  acid 
30J   (MiUou). 

CKLUniE  OF  NiTKOdBN  (UCljN'.Cl^X?),  Sp.  Gr.  qf 
153. — Tlir  nOiatty  esintiit^  betweco  chlorine  am)  nitrogen 
ihlc  I  the  compound  knoirn  by  the  name  of  chloride  of 
b  ■ivrsy*  obuined  by  indiret-t  meatiit. 
eurrrut  of  ammouiacal  gAs  be  directed  into  a  bottle  of 
ihne  it  will  trnko  Art  Rp»ntaneot»ly,  bnniing  iritli  a 
,  whilst  hydrochloric  acid  is  formed,  and  nitrogen  is 
(koM  while  funim  beiug  generated  by  the  union  of  the 
add  with  nndc(;umposud  ammonia.  By  moditSniig 
limeat,  the  reaction  may  be  employed  as  a  mcnna  of 
nttnigen  gas,  for  wlien  a  stream  of  chlonno  gas  is 
rd  tlinHigh  a  wlutioti  of  ammonia,  the  liydrochloric  add 
t  it  I*  forineil  conibineA  with  undccompOEcd  ammonia,  and 
rofcii  i»  libcralrd ;  if  the  siiUitiou  he  coiiw  lit  rated,  each 
riiloriiw  prodacea  a  flaah  of  light.  One  atom  of  ammo- 
1I  hy  n  atomn  of  chlorine,  yields  i  atom  of 
,  I  becoming  3HCI4-N. 
of  aetiug  oil  a  Koluttuti  of  free  ammonia,  a  Irattlc 
'feotly  cfcar  Crom  grea^  matter  be  inverted  orcr 
oontaining  a  «olutioD  of  r  part  of  sal  amiuouiae 
13  parts  of  water,  drops  of  a  yellow  oily.Iooking 
'I.-cl  00  the  suriaeo  of  the  liiinid  niid  fall 
l^l  tlie  chlorine  slowly  disappears:  this  liquid 
known  a«  cMoride  of  nitroffen.  A  safer  method 
hnly  cuuaista  in  suspending  a  fragment  of  sal 
y  10  or  3c  graiojt)  in  a  Hulution  of  liypoehtoious  acid; 
<J  (IbA  ■o-eallcd  chloride  of  nitrogen  arc  gradually  formed, 
Ui|md  on  the  tialt  is  diaiwlved.  The  new  body 
nt  — 16°,  but  is  very  volatile,  and  paaMsses  n 
itig  odour.  It  i*  one  of  the  most  dangcroua  00m- 
f  ■  'Xplodes  with  trcmrndoiis  ^-ioleuoo  when 
and  31s''  F.,  emitting  a  tluh  of  lig\ki 
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wlicn  tlic  detonation  uccunt.  Tlie  cxpIoNion  is  so  sudden  tlat 
inrariably  breaks  any  jiltun  or  porcelain  vessel  ia  vhicli  it  may  t 
coulaiued:  hence  a  lendeu  »auccr  is  nseil  in  prepiiriiig  llie  oon 
l>ound.  Cliloride  of  nitrogen  alM)  explodes  violently  at  onlioaf 
temperatures  when  brought  into  cuiitnet  with  many  inflainmali 
siihstauees,  such  as  oil  of  tuqiciitine,  phosphorus,  and  the  GxC 
oiU.  The  alkalies  likewise  cause  its  immediate  expluoioii.  Q 
the  other  hand,  it  doeH  not  explode  nben  touched  with  the  resin 
the  strong  acids,  \rith  metallic  hodii^sin  gcuerul,  or  with  Migar. 

Little  or  nothing  i.i  knowu  of  the  cause  of  these  rcmurksbl 
renctioDs,  or  of  the  light  and  heat  emitted  when  the  ehlorid 
explodes  by  slightly  elevating  it»  temperature;  iu  this  case  and  i 
the  aualugouB  instances  of  the  explosion  of  the  osiiles  of  chloriiK 
light  is  emitted,  not  during  the  act  of  conihinalioit  as  is  usual,  bl 
during  the  expansion  and  suddeu  scpanttioD  of  the  two 
dementi. 

The  analysis  of  this  body  is  attended  n-itb  great  dif&< 
indeed,  conwideriihlc  douht  exists  a*  to  it*  true  comjiositioM. 
highly  probable  that  it  is  not  simply  a  chloride  of  nitrogen, 
conihiimtion  of  ehlorine,  nitnjgcu,  and  hydrogen  (IlCl,  N,CI; 
somewhat  analogous  to  the  corresponding  explosive  com 
which  nijiy  lie  formed  with  iodine  (336). 


(3215)    CiiLORiuKS    or    Cahvon. — Chlorine   does   not 
directly  nith  carbon,  but  Faraday  succeeded  in  proeariog 
com])otiu(U  between  tlieiie  elements  by  the  dccom position  of 
liquid,  a  combination  of  carbon  and  hydrogen  with  ehlorine,  o1)i 
under  oircuniatuuces  which  will   be   explained   when  treating 
oletiant  gas  [400). 

SubcMoride  of  Carbon   (C.CIj)  forms  fine,  silky  crystals,  w1 
may  be  sublimed  in   closed  vessels  witlumt  change ;  it  is  aolii 
in  ether.     Tliis  subKtaucc  is  obtained  by  decomposing  the 
chloride  of  carbou   (U^CIJ,  by  oausing  it  to  pass  several 
through  a  tube  heated  to  bright  redness.     If  licated  iu  air 
platinum  foil  it  burns  with  a  red  smoky  flame. 

Prolochhride  of  Carbon  (C,CI^) ;  Sp.  Cr.  of  Liquid,  1  -551 
of  VajMur,  5'8a;  tWii.  I'ul.  4;  Boilitfff  Pi.  248°.~'niiB  oom 
pound  was  procured  by  Faraday  from  the  sesqiiiohloride  {C^O, 
by  tuhliming  it  repeatedly  tbrongh  a  tube  filled  iritb  fragments 
glass,  heated  to  redness.  It  is  a  transparent,  colourless  liqnii 
with  nu  aromatic  odour. 

Sttquicht&ride  of  Carbon   (C,C)„)  ;  Sp.  Gr.  0/  Solid,  a-o  j 
Vapwir,  8157 ;  Comb.  Vol.  4 ;  Melting  Pt.  310°;  JioHiug  Pt.  36^ 


m 
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Jo  WM  originnlly  iirociireiJ  by  llie  itctiim  of  cJilorine 
Kijmil  (400)  t l-'urailny} ;  but  it  has  sinre  been  nbtftined 
liuu  nf  chluritie  u|>on  «  variety  of  clmvatiTCx  from   tlie 
(1014  et  jvj.)     It  is  a  volatile  crystalline  eolid,  with 
tic  oiloiir  rfsembling  tbnt  of  amiphor.     It  i*  soluble  in 
cthvr,  and  in  tbc  fixed  and  volatile  oils.     An  isomeric 
'    '  Viridr,  tlip  vAjwur  of  which  Iios  a  denrity  of  4-083, 
lu  CjClj,  was   obtained   by  Kcgnault   by  passing 
urof  inchloride  of  carbon  (C|C1J  through  a  tube  heated  to 

ridt   tif  Carhan   (C,nj,  ^p.  Or.  <^  Liquid,   1-599;  ^ 
]5"jO;  Comb.   Vol.  4;   Boiling  fl.  172".— This  substance 
pined  by  Rcvntiult  fnxn  nood-spirit,  from  chloroform,  and 
drnvativcs  from  wnod-spirit,  by  exposing  thera  in  the 
&r  nrtiou  of  an  cxoess  of  cbloriiic.     Kolbc  a1«o  found  tluit 
of  the  vapour  of  bisulpbideofcarbon  aiidcldohnc,  vhcn 
Itmugh  a  porci'tain  tube  heated    to  rcdncM,  yicldnl  the 
][iouiid.      It  is  a  cntourlesa  liquid,  which  b  insoluble  in 
It  Miluble  in  alcohol  sud  in  ether.     It  bocomcM  a  cryttal- 
of  ]»eurly  lustre  at  — g*  V. 

OnYcntORioR  or  Cakdon- :  ChJorocarbonie  Add ;  Phot- 
[lCOCl),«y9];  Sp.  Gr.  3-68;  Comi.  Vol.  4.— When 
iur»  of  c«r)mnic  oxide  and  chlorine  are  ex|)0«cd  to  the 
of  the  sun,  they  combine,  and  become  condensed  into 
valiimo.  I'bc  combinatiou  takes  place  slovly  in  the 
|'li|cbt  of  day ;  but  no  action  occurs  if  the  tiro  gucs  arc 
tbcr  and  kept  in  a  dark  room.  There  are  other  modes 
iiig  thin  ooin)K>und  indirectly;  thus  it  may  be  prvpared 
ittinK  carbonic  oxide  gas  throu^'h  healed  pcrchloride 
y  ;  ibe  action  of  light  is  not  neceuary  in  this  case. 
oil  may  sometimes  be  usefully  employed  as  a  test  for 
oxide  witcu  mixed  in  Minnll  quantity  with  other  gtae*,  the 
odunr  of  the  oxychloride  which  is  formed  being  rcry  cha- 
E^      The  com[>OBitio»  of  the  gas  is  the  following  : — 

oak  mkU  (CO),  =    »B   or    18-38 
riM  Ct,       s:    -t  jx'T 


4    or     ro  =  o'967 
■4  •■*»  =  3  45i 


i.«  ifn»  (CO)/-"l,  =     90  lOO'CO        4  1-0=  J" 4:0 

of    cwbon     is   a    oolourlca»,    suffocating     gas, 
tmniiidiuti'lr  decomposed  by  nstcr  into   carbonic   and 
Cbci),  +  3  HO  =  =  CO,  +  2  Hn.       It  does 
lanctcrs  of  an  acid;  but  if  the  gas  l>c  m\xc& 
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with  ammonia  in  tlic  proimition  of   i  volume  of  phoegoiej 
volumes  of  aramoQia,  butli  gnvcw  nrc  ooiitlcntMl,  aiul  fann  ■  < 
Tolatile  Kolid,  which  in  n«titral  to  te»t  pnper,  dealitiitc  of  < 
eotuble  in  valet  aud  ia  alcohol  slightly  diluunl,  but  iowli 
other.     ThiK  compound  in  rt^arded  by  Regtinult  u  a  mixl^ 
diloride  of  ammouium  and  carbomiilo : — * 

4  H,N  +  (COCl),  =  a  H.NQ  +  n.N,C,0^ 


§n.  Bromine  (Br=8o}. 

Comb,  Vol.  of  Ft^fow,  aj  Sp.  Gr.  nf  Vapour,  5*393;  qf' 
ai  33^  i'i*T,  McUinff  Pi.  9-5*;  Boiling  Pi.  145**4'] 

(33S)  Bkominb,  bo  named  owing  to  its  irritatiog 
^pbi/tw:,  '  a  etcucli'),  was  discovered  by  Balord  in  the  jw  l| 
bittern,   which  is  the  tnothcr-liqoor  of  sea  water  after 
soluble   saltit  have  )i«cii  extnurtcd  by  cr>-)'Iul)ix»tioii.      hi 
exists  in  sea  irater  in  minute  quantity,  varying  Irom  uno-t 
grain  to  about  one  grain  in  cauih  gallon :  it  a{>]icun  to 
biued  with  magnesium,  as  bromido  of  magnorium.      Man] 
Hprings,  Huoh  m  thoxc  of  Krcuxuach  aiul  Kimugen  likcwid 
tain  bromine  in  quantity  ftuEBdent  lo  render  its  extract 
thvm  a   source  of   ])rolit.      Indeed,  few  doponits   of  chli 
sodium  exist  in  which  traces  of  bromine  haro  not  been  diB 
It  has  nlHo  been  found  iu  n  ulverorcflrom  Mexico,  and  it  i^ 
dant  in  the  mines  of  Chiuiaroillo,  in  South  America ;  in 
the  bromide  of  silver  in  mixed  witli  chloride  of  silver. 

Prtparalion. — In  order  to  obtain  hromijie,  iho  raotbe 
from  the  brine,  after  nil  the  Kalu  separable  by  ciystalt 
been  removed,  is  tubjoctcd  to  a  current  of  ehUnwc, 
avoid  au  exoe«s  of  tliis  gas,  whieli  would  occaMOt)  im 
by  forming   a  compound   n-ith  the   liberated   bromine 
bromides  urc  decompoMid    readily  by  chlorine,   tl»e 
chlorine  bciug  more  powerful  thaii  thooe  of  bromitto. 
foregoing  oiwntion  ehlorido  of  magucsium  ia  foriDed,  an4 
ia  aet  free : — 

MgBr+  a«MgCl  +  Br: 

tbo  bromine  stiows  itself  b^  giving  lo  the  liqnid  a  hrant 
eharacteristic  yellow  colour.     Tliis  yellow  liquid,  if 
etiier,  paiia  with  ita  bromine  t4>  tlio  ctlirr,  which,  ir 


*Nitanim(«iirl '' 
urrs,  andMiairi'! 


>'  witJi  It  0 
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r '-  ■'  -  rtirftcc,  where  it  forms  a  iKwulifid  goliica  j-cllow  layer. 
'  -oluliuti  iH  (kciiiiUt)   imd  agilatcd  nitb  x  lolutluii  of 

m;   the  fclloir  colour   imtDodiatcly  tlisnppcan;   bromide  oA 
Imou  and  lirotomtc  of  potofth  ar«  fonacd  aud  dintolTed  iu  tlie 

»  Br  +  6  (KO.HO)  =  KO^BtO,  +  KBr  +  6  HO ;  i 

it  ihr  rttiiT,  aftpr  rcpoac,  rise*  again  to  the  surface  despoiled] 

■  faroauiK',  and  ma^  again  W  om|ilo/cd  in  n  repetition  of  the 
■■  upon  a  frculi  cpiantity  of  bittern,  ^\'Tieu  the  solution  of 
Ml  hna,  by  repeated  cliargc«  of  bromine,  been  nearly  neutndixod, 
muid  \»  erapomti-d  to  dri-ucss ;  tlic  aaline  moss  is  gently  i 
Idto  dvooinpOM  tlie  hrotnfttc,  nftcr  which  it  is  mixci)  with  ■ 
^■pf  nangancsc  mid  ilifetitled  in  a  retort  with  sulphuric  acid : 
Mff  ivponta  of  hniniine  pn^M  orur,  whicli  may  be  collpctCKl  in 
■fw  nintaiuiag  water,  and  kept  cool  by  ico.  Tho  decorapo- 
i'm  ot  tilt  Munc  nature  u  that  attending  tlic  libcmtion  of 
be  froin  Mso^aalt  by  mcaos  of  oxide  of  manganese  and  sul- 

■  acid: — 

Br  -r  SlnO,  +  i  (HO.SO^sKO.SO,  +  MnO.SO,  + 1  HO  -f  Br.        j 
p  tliii  ())icration  a  sinall  quantity  of  chlorine  pasne^  over  with 
pominc,  wooc   froai   the  manner   iu  which   the  bromide  of 
nm  I»  formed,  it  is  alvrays  contamiiiati3<l  with  a  jwrtion  of 
Be    ■  '  ■     ['.      The  chlorine   unites    with    part    of   tlie  j 

we,  J.       I  ride  of  broniiuc,  wbidi  i-t  partially  deeom-1 

lasd  diMultcd  by  the  water  in  tbc  receiver,  whilu  the  bromine 
n '  '  <  '  'I  dro|><*.  In  order  to  obtain  hn>iniue  free  from 
i  :>•'  ftiituratcd  with  hydrate  of  baryta,  which  [UX>- 

la  tuuture  of  bruuiidc  and  chloride  of  barium  with  hromate 
iyt;i:  this  mixture  must  be  heated  to  rcduCM  in  order  to 
h  llie  bniiuiitv  iiitu  broiiiide  of  luirium,  and  the  residue 
Lfi  bt  alndiol,  which  dissolves  nothing  but  the  bromide. 
■■nide  of  bnrium  is  nbtainc<l  by  eva|)oration  of  its  alcoholic  i 
P^ud  when  bt;ated  with  black  oxide  of  maugiuieN  aud^^ 
Imc  acid  it  yl<^I(U  pure  bromine. 

mmprlir», — Brnmiuc  forms  a  red  liquid,  so  deep  in  colour  as 
^Bly  upnijuc.      It  has  a  »p.  gr.  of  iif66  at  6o°:  it  is  very 
ft,   and  emits   dense  red  vapours  resembling  i>cn)iido  ai\ 
■Bi,        '    :r.     In  omnll  it  rc-«cmblcs  chlonno,  and  is  cx- 
^Ei  ..  to  ihv  luno  and  fauces  wheu  respired',  ctcii  if 

^Butcd  wttli  air.  When  itwalluwed  it  ojicratcB  as  s  power* 
Hratinr  '  :  it  acts  rapidly  on  all  tltc  ot^anic  tin<m'^«, 

Icsdcn  11   twrmauuitly   yellow.     Bromine   boils  at 
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I45°"4F.  (Pierre),  and  wtcnexpo*ecl  toatemperaUireof9'''jit  I 
a  red  crystalline  Aolicl.     The  properties  of  bromine  greatly  rescnil] 
those  of  chlorine,  tLough   they  nrc   lew  strongly  developed, 
hleachen  many  vegetable  colours.     Itit  vapour  wiU  not  supfi 
fUmc  of  a  hnrning  taper.     Brotninu  i»  »tightly  soluble  in 
and  gives  to  it  a  yellow  colour ;  it  alao  forms  vith  it  a  b; 
(Br+  ioIIO;L(5w-ig),whiehcr}'«t»UiEc«tnoctohcdraat33°.  Ale 
dissolved  bromine  freely,  and  ether  does  so  still  more  abnotl 
Bromine  combines  directly  with  many  of  the  mctal-s  forming  i 
jKiunds  termed  //rtniiiitfs  (446),  the  act  of  combination  being 
attended  with  ignition;   c%X'U  gold  combines  with  it  xlowly; 
conipiiiind  witli  Kilvcr  ftinnshes  n  material  of  considerable  Taliie| 
photographic  operations, 

(339)  Hydkobuumic  AciiJ  (HBr=8i)  j  Sp,  Gr.  4731  j 
Vol.  4, — Bromine  resembles  chlorine  in  its  power  of  eomt 
with  hydrogen,  and  forming  with  it  a  very  [Kiwi-rful  ncid,  whiclli 
a  gaseous  body  consisting  of  equal  measures  of  hydrogen 
bromine  vapour  united  without  change  of  bulk.'  The  mixture  < 
bromine  vapour  and  hydrogen  cannot  be  detonated  by  the  appr 
of  flame,  or  by  the  electric  i>piirk,  but  the  two  elcmcntit  may ' 
made  to  unite  slowly,  by  suspending  a  red-hot  platinum  wire  i 
the  mixture.  If  moisture  be  present  tJie  occurrence  of  combii 
tiou  instantly  shows  itself  by  the  formation  of  white  fumes,  wli 
(lri»e  from  the  onion  of  the  newly  produced  gaseous  acid  with 
aqueous  vapour. 

Preparation. — i.  Ilydrobromic    acid    gas    may    be   procn 
abundantly  by  decomposing  bromide  of  potassium  with  a  cooc 
[jtnitcd  solution  of  phosphoric  acid.     If  sulphuric  acid  be  used ; 

lie  purpose,  the  product   is  impure,  nince  this  acid  itself 
goes  partial  dcoiidatioD. 

2. — It  may  also  l>c  obtained  by  decomposing  bromide  of  pi 
phorus  by  means  of  a  small  quantity  of  water,  when  the  follov 
reactiou  occurs : — 

PBr,+6  H0=3  HBr+3  HO.POj; 

pbosphoroua  and  hydrobromic  acids  being  produced.     TIiih 
Puj  riracnt    may    bo    easily    perfo 

nith  the  aid  of  a  tube  bent  ati 
fig.    277.     In   the    bend    p,   a 
fragments  of  plio^tphorus  and 
tcncd  glass  are  placed,  bromine 
poured  into  b,  and  the  tube  is  da 
by  a  cork  c;  ou  applying  a  gent 
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I  diB  bmminc  ix  rlintilk-r)  over  nnd  romes  into  contiict  witli 
;  the  bromide  of  pliospUonm  i«  flcconi]x><«(l  I>y  the 
'  It  tho  nicimcnt  af  its  fomtatioti,  aod  escapes  by  the  Ixint 

-It  mat  also  be  obtained,  bnt  less  aclraiitageonsl}-,  by  heating 

I  or  hroinine  and  6  of  rrfstallixixl  sulphite  of  soda  with  l 

-  •■-   wIicQ  tht  sulphite  is  oxidixed  at  the  ex|>e»se  of  the 

WatlT,  lUI  rolilinH  : — 

NaO,SO,  +  UO  +  Bi-=NaO,SOj+  HBr. 

prdrolimuic  acid  gas  is  oolourlc>8s,  it  is  not  iullanimabtc, 
ii>li(!s  Hamc,  aiu)  posMHUCM  the  usunl  irritating  iK-liou  of 
ou  the  luiig«.  Panday  succeeded  in  liquefying  the  gas 
[■trobf  pressure;  and  in  a  luilli  of  »olid  ciirbouic  acid  and 
[  he  rttm  oljtaincd  it  iu  the  form  of  a  solid,  which  meltcid  at 
Tlie  acid  liaa  the  folloiring  ooitiposition  : — 

„  _,  DrvdcU.  •jwlQMu  Bp.cr. 

Bntaiw     ...        Br     =  So  or  98"6      a    w    0-5  =1-764 
~^J»IWK"»  ...         H       =     1  134       3  ©•5  =  ooi4 

Tiic  acid  gaa  ts  very  soluhlc  iu  irnlcr,  fonning,  when 
a  fuming  nolutioH  of  (creator  density  than  hydro- 
IKid.  A  Milutiou  of  tiic  acid  of  sp.  gr.  1-486  (HBr,  10  HO) 
about  47  per  c£tit.  of  the  nnhydroui  acid ;  it  boiU  at 
simI  may  Iw  distillLtl  without  change.  (Sec  note  p.  140,) 
drconiposcs  it  imtordiately  ;  bromine  being  set  free  and 
oric  acid  produced. 

action  of  hydnbromic  ncid  npon  the  metallic  oxidea  is 

to  that  of  hydroehlnric  acid  upon  tbcm  ;  bromide  of  tlic 

wator  Ix'ing   prtiduwil ;    tlllt^  hydrobromic  acid   and 

ibine,  and    form  bromide    of  potassium  and  water ; 

U  II  Ilr  yielding  KBr-f  2  HO. 

— The  broniidps  arc  all  solid  at  ordinniy  Icmpcra- 

iif  thnn  BTP  fused   by  a  tnodenitc  heal,  and  are  par- 

|*obtilii«d ;  and  tlie  bromidca  of  gold  and  platinum  are 

"'  r  the  broinidcn  nre  readily  soluble  in  water. 

;i  •111  br  rhloriiie,  and  when  in  Holulion  they 

aiM^\  by  the  yellow  colour  of  bromine  which  is  pro* 

1  of  a   few   drops  of  chlorine  water.     On 

li  iilution  with  ether,  the  bromine  i*  diwolvod 

r,  which  ou  standing  siej»iTates  as  a  yellow  liquid,  at  the 

"■  '•  aijucous portion.     The  bromideit.  when  hmi.^l 

Lii'  manganese  and  oil  of  vitriol,  yield  red  vaiM^uci 
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of  IjTominc :  strong  nitric  Add  bu  a  stmilsr  tWtci.     Nit 
silver  anil  oitrate  of  lead  each  give  a  white  precipitnUi 
tiona  of  the  broniidiiit,   lomijig   bromiile   of  ailvcr   (A|{I 
bromide  of  lead  (Plilir) )  the  bromide  of  sihcr  is  insoluble 
nitric  tioid,  but  is  iliiuolrcid  by  large  excen  of  ammuDift ; 
bromide  of  lead  in  dissolved  by  tbe  addition  of  diluted 
Subuitnitc  of  mercury  aI»o  {gives  a  irbitc  pmnpilalc  oTi 
of  mercury  (Hg,Ur)  when  added  to  t>olutioiu  of  tbe 
ia  soluble  iu  cblorinc  water  with  libcratioD  of  bromiiic. 
Dromine  often  (combines  with   tbe   same  metal  in 
ono  proportion,  and  the  compounds  of  bromine  oorrcipoad  | 
alnavH,  twtb  iu  nuinl>cr  ami  com|>osition,  with  tbow  of 
with  the  same  metal.     Oxvbromidc*  may  be  formed 
tlie  oxycbloridra ;  and  tbe  bromides  of  tbe  alkaline  me 
double  bromides  with  tbe  bromides  of  the  metals  wliicb  yic 
with  oxygen. 


{130)  DaoMic  Acin  (ilO,  BrOj=9+i2o}, — Only 
pound  of  bromine  with  oxy^o  is  known  ;  and  this  Iijm  nc 
obtained  free  from  water ;  it  forms  an  acid  com>!i|ioudiiiy  loj 
acid  in  composition,     Bromatc  of  potat-h  is  proctired  by  i 
bromine  with  caustic  polanhj  and  from  this  mlt  the  acid  taol 
by  a  process  similar  to  that  employed  in  the  prcpamtioD  of  I 
acid  (331).     Ry  the  action  of  heat,  brnmateof  jntaitbiai 
bnxnide  of  potnsnium  being  formed,  whilst  oxygen  J* 
Any  solid  bromate,  when  mixed  with  ooncciitraied  sulpltu 
aiid  heated,  givc4  off   red  fumes  of  free   bromine,  while 
is    e\-olved.     Tbe  bromates  of  silver   aud   aulraxidu  uf 
■re  aiihydroui*  and   sjMiringly  soluble:  bromate  of  Iciul 
atom  of  water;  it  likewise  is  but  slightly  soluble.     Whcni 
witli  bydrochlorie  acid  these  precipitates  evolve  Ireo  Iimmit 
the  salts  of  bromic  acid  wliich  have  n»  yet  been 
mouobauc. 

Chloride  qfltromiHe  is  easily  obtained  by  trannniltinK  1 
gas  through  liquid  broiiiinc :  it  in  a  volatile,  nNlditli 
with  a  very  pungcut,  irritating  odour.     Watfr  di«><<.  .,  .. 
ing  a  deep  yellow  solution  posaoMed  of  coDsidarabla 
power. 

Bromide  of  Siifoj/en  may  bo  ohtaintd  by  ili'i-^iin- 
of  putiiMiiua  witlt  tlio  so-caUnl  chloride  of  tiit 
detoiuiJug  otly*lookiii{  liquid,  mombliue  eblortUu  uX  ai 
•pfiotufanee  and  pnportleB. 
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J  III.  Iodine  (1  =  137). 

Comb.  Vol.  a  ;  Calculated  Sp.  Gr.  of  Vapour,  8756 ;  Obmrwd 
Sp.  Gr.  8716;  Sp.  Gr,  of  Solid,  4-9471  Ateliiuff  PL  aaj°j 
Boiliug  PL  347*. 

(330  loDiXE,  the  third  clement  in  the  group  which  we  tre 
csamiuiiig,  in  »till  ck-iiKcr  than  bromine,  a*  it  assumes  Hie 
ntid  fonu  at  the  ordioar}*  temperature  of  the  air.  Its  <]i»coTery 
dates  hack  to  the  fi'jtr  181  r,  when  it  vtiut  fuuud  by  Coortois 
iccideutailjr  in  the  wante  liqiiora  produced  in  tite  m&nufscture  of 
bouftte  of  «oda  rrom  the  nshc«  of  Kc.i-n*c«d. 
ludiue  exists  ia  the  ocean  in  quantities  still  saoaller  tbaa 
■omiDB.  It  is,  notirithiftitnding,  obtained  with  IcM  diSiculty, 
tlu!  ft>ci,  algiE,  a}M>ngf»,  and  other  marine  planta,  extract  it 
tapi  sea  iratcr,  anil  store  it  up  in  their  tissues.  Tlicac,  whi'U 
Hnit,  give  uii  a^i  wtiieU  if  technically  known  ai*  kelp ;  it  contains 
Kne  in  the  form  of  iodide  of  sodium.  In  the  mineral  kingdom, 
Hlne  bos  been  fvund  in  one  or  two  rare  ores ;  thus  it  occura 
Hdnoed  with  silver  iu  Mciic»,  and  with  xiue  in  Silesia. 
^Prfparalion. — Iodine  m  at  pre&eut  lai^y  uiaiiufuctured  at 
WUf^w,  fn>m  kelp  made  on  the  coasts  of  Scotland  and  Ireland ; 
tiw  following  it  an  oiiltiiiv  of  the  protXiin  atloptcil  in  procurin;;  it 
(Gnltaia)  : — ^The  scs-wocd  baring  been  dried  in  the  sun,  is  burued 
faahallow  uxcnvatioii*,  at  a  low  beat;  owing  to  tbc  volatility  of 
^m  ioilidc  of  sodium  at  a  red  heat,  the  loss  of  this  salt  would  be 
Kadderablc  if  the  temperature  were  allowed  to  rise  too  liigh. 
Hi  half  fused  asli,  or  kelp,  which  remains,  is  broken  into  frag- 
^bla  and  treated  with  boiling  watvr,  which  diissolrcs  about  onc- 
^bor  the  a*h.  The  liquid  thus  obtained  is  then  er'aporated  in 
^b  pan.s  and  all  that  can  be  separated  by  cryntallixutiou  i» 
^BOfcd ;  a  double  nulpliate  of  potash  and  soda,  carbouatc  of  soda, 
^B  diloride  of  potassium  are  thus  extracted.  The  iwliue  remains 
Hihe  mother- liquor,  which  still  retains  sulphide  of  sodium,  besides 
^Hnralpliite,  and  some  carbonate  of  soda.  This  liquor,  or  iodine 
^E  ta  now  mixed  with  one-eiglith  of  its  bulk  of  oil  of  vitriol,  ai)d 
^Emd  to  fttand  for  twcnty-four  hours  ;  carbonic  acid,  «ulpburotu 
BE'ttid  sulphuretted  hydrogen  ga^en  escape,  and  su1[j1i!iIc  of  soda 
aynallixcs  out,  mixed  with  a  considerable  quantity  of  deposited 
ndphur.  The  supernatant  liquid  \v  next  trnnttfL-rrcd  to  a  luuden 
leturt  of  cylindrical  form,  a,  fig.  278,  supported  iu  a  sand-bath, 
vti  gently  bested  from  heneath  by  n  small  firc;  the  head  of  the 
Rton,  A  c,  is  luted  on  with  clay,  and  the  contcnta  of  the  retort 
kfins  been  heated  to  about  H0°,  a  quantity  of  powdered  block 
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Fio-ayS-  DxMe  of 

ncM.'  iti 
tlirough| 
lure,  4. 
ecM  tniut ! 
ducted   eIoI 
R     low    tc 
hire;   iodtn 
tils    over 
n>n()e  lined 
globulur 
rrs,    i/. 
piinfied 
scconil 
tiou.      ThB 
of      the 
tti bill  lire, 
»t  c,  is  to  facilitate  the  clcariog  of  tlw  nedc  of  llic  retort  I 
it  aliould   become  obetructed  by  the  formnliou  of  crjr« 
tlic  temperature  be  allowed  to  rite  as  high  «a  2ta%  the 
of  ftodiutu  Tetainc<l  in  the  Icj"  is  decompoMJ,  chlorine  i*  di* 
uid  combiiics  with  part  of  the  iodine,  fonniog  fhlorijle  uf 
U'bich  is  wasted. 

In  the  foregoing  process*,  the  nddition  of  the  xnlpliar 
occ&»tous  the  decomposition  of  the  carl>oaat4!  and  liy[ 
soda,  irhicli  elill  remain  io  volution,  m  well  as  of  aojr 
sodium  that  may  be  present,  formiu;;  snlphate  of  eodii 
remorcd  by  cryotallixation.     The  U(|uid  rt-taitut  an  ciLceMJ 
phnric  add,  and  all  the  iodide  of  sodiam.     When  this 
hcfltcd  with  peroxide  of  mtuigMioM,  the  iodine  is  HI* 
sulphate  of  soda  and  sulphate  of  maoganose  remain  in 
Tlic  process  rcienihlvs  tliut  for  bromino  ■ — 

NaI  +  MiiO,  +  a  (HO,SO,)  =  NftO,SO,  +  MnO,30,  +  9  HJ 

Properties. — The  cryatallino  form  of  iotUne  n  an 
wiitt  a  rhombic  Ikui-  :  bitt  it  <«  generally  obtainiil  in  Itltui 
■coIrs,  resembtiii);  j>Uunbag(i  in  lnjitre.  It  w  a  non-ooodl 
olectncity.  At  ordiuuy  trinpcraturo,  and  csiicciallf 
nii'i  lition,  it  in  senaibly  Tolntile,  emitting  an  mI 

of '  but  much  weaker:  when  liL-Adnl  it  undt-fi:'- 

11  j**]  and  at  about  347"  it  boils  and  is  cunrertcd 
OCitt  purple  Vnjiour,  v.I  '  iivmitaQO'  ■  i^ei 

coloured').     Iodine,  lotcnuJl; 
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:  but  III  amal)  quanlitief  it  U  n  mmt  rnlaiblc 
lurlv  in  gliintliiljir  swellings,  and  in  oertaiii  forms 
It  Bt«ina  the  skin  and  mojit  orgaimcd  sulatanccs  of  a 
ilonr,  and  gradually  corrodes  them.  Water  forma  with  it 
lolDtion,  but  dib&olv-eM  it  only  in  (cry  small  quuntity.  Its 
profiirrtivtt  arc  very  fcchlc.  Alcohol,  ether,  Iiydriodiv  acid, 
of  the  iodide^dl-oolve  it  freoly.  /,u^o/'irS£./«/ion,  which 
much  used  in  medicine,  consists  of  20  grainti  of  todiiio 
ruKJide  of  potatutiiun,  diAolved  iu  an  oodoc  of  water;  it 
rrp  briwn  colour.  Iodine  ia  aho  soluUe  in  bisulphide  of 
a  wlijcb  a  minute  <iiiniitity  of  iodine  impiarls  a  charoc* 
ic-h  violet  colour.  C'hlorofomi  and  benzol  likewue  di*- 
ftinuing  ntl  Miliition».  Iodine  attacks  the  metals  mpidly, 
CMnpDunds  termed  iodides;  iron  or  zinc  in  readily  din- 
'  it  if  phuTiil  with  it  in  water,  an  iodide  of  the  metal  being 
The  cum|wunds  of  iodine  with  the  melaU  and  with  hydrO' 
loooQiposod  by  ciduriuc,  and  cycn  by  bromine,  while  the 
Md  free.  Adranlage  in  taken  of  thin  fart  Iu  asoerlBiuiug 
pco  of  twl!n«.  Tlie  most  delicate  te»t  for  it,  when  no- 
ia  the  intense  blue  colour  which  it  strikes  with  starch; 
MRS,  with  dnc  precaution,  1  part  of  iwHuc,  when  dissolved 
llinu  |Kirla  of  water,  may  be  discovered. 
arc  various  modes  of  applying  this  test :  the  simplest 
lisinn  a  little  culd  starch  \MaVi  with  the  litiiml  which 
to  contain  iodine ;  if  it  lie  present  in  an  uiicombinod 
itiful  blue  colour  shows  it»elf.  If  the  iodine  be  iu 
colour  docs  not  appear  until  a  drop  of  chlorine 
iion  of  bleaching  ponder  be  a<lded  to  set  the  iodine 
ncQM  of  chlorino  must  he  avoided,  as  it  forms  chloride 
■■>  lljK  action  of  the  test :  l>avid  Price  rccom- 
-(.duliou  of  nitrite  of  potash  OS  a  aubstitutc  for 
r,  tbc  liquid  to  be  teated  being  slightly  acidulated : 
arises  from  the  pi-cscncc  of  the  nitntc  iu 
Tlie  ooluar  fade*  away  if  the  solution  I>e  healed, 
iaily  reston-d  aa  the  temperature  falls.  Solutions  of 
w  tti  ■■  ^ iuIphuroii-1  ncid,  sulphuretted  hydrogen, 

agir       ^       tally,  destroy  tho  colour.    As  starch  paste 
\pttg  kept  without  underigoing  decompositioD,  it  i«  often 
to  aub»titiitc  for  the  freshly  made  paste,  paper  which 
witli  the  atarcb,  und  allownl  to  heconit  dry.    If 
irj  placCj  such  paper  may  be  preserved  for  an  indefinite 
i!y  for  inc  at  any  moment. 
I  lu   (HI  =  128J;    Sj>.   Or,  4-443;    Co™*- 
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Voi.  4. — Bjr  heating  ioiliite  in  bydrogcn,  tin  Toliitne  of  die  | 
OODrs  doubled,  aud  a  ooloarlcae  acid  gas  is  produced,  but  it 
prepAred  for  use  in  thin  tnunm'r.    A  bettor  oiudi*  is  ibc  full 
—Place  in  a  sroall  retort  t  o  juarU  of  iodide  of  ptita^tutu  «it 
nnter,  and  30  of  iodiuc ;  tbcn  drop  in  cautiousljr  1  part  of 
jihoras  cut  iuta  small  fragments,  and  apply  a  gentle  lieaLJ 
driodic  acid  gas  irill  be  extricated  abundantly,  aud  tuay  bet 
by  displaoetufiut,  in  dry  bottle*.     Tbe  rei<ult  of  tbv  re 
platDcd  hj  the  following  equation : — 


iDdUvoT 


3KI  +  5I+P  +  8UO  yield  2  KO,  UO,  PO,  +  7 

Another  but  inferior  method  conttrtAiu  heating  4  parti  1 
vilh  6  parts  of  cryatalUxnl  tiiiljihite  of  aoda  and  1  |>art  of  I 
when  a  dccompotiition  occurs  analogoos  to  tlmt  wbioh  at 
formatioD  of  hydrobroniic  ac'ut  by  a  similar  proeese  [^^g)- 

llydriodie  acid  {^as  is   not  combustible,  nor  don  Hi 
camliustton.      It  fiimot  in  the  air,  and  posscsaCB  a  |)ciw(>rful^ 
irritating  odour.     It  is  rvduood  imdrr  strong  prcMUro 
lovish  li{|uid,  which  freeites  at  60''.     Water  disaolves  tbe  | 
great  aridity. 

A  solution  of  hydriodic  acid  may  l»e  easily  prepared 
pending  iodine  in  water,  aud  trannnitting  a  current  of  8ul( 
bydrogcu  ga.i  thioii^h  the  iiii^tiire  until  the  brumi  oold 
iodine  disappears ;  sulphur  is  deposited  in  abuudancv,  an 
acid  is  fanned.     The  liquid  gradually  become*  dnnr  if  left  1 
it  may  then  be  decanted  from  the  prceipitated  sulpluir :  (he  1 
position  conunta  simply  in  the  displacenieut  of  tl>e  Mulphur  j 
iodine;  US  +  1  becoming  Itl  +  S.    This  liquid  may  bo n 
till  it  nojuires  a  doii'«iiy  of  i-j,  when  it  eoiioist*  of  lit - 
(Biucau*.)     It  then  dietds  unelianged  at  262°.     It  is  a 
acid,  and  diaaolve*  iodine  freely,  forming  a  brown  aoln 
exi»suro  lo  tbe  air,  especially  if  ploeed  in  ■  strong 
sorlw  oxygen,  water  jj*  furmcH,  and  the  liquid  bfcouio*) 
the  liberation  of  iodine.     Chlorine  elfccts  ita  instant  < 
whether  it  be  in  tlie  gateoua  form  or  in  aolulkm.  Slercdryl 
poeca  it  gradoally,  and  combines  with  ita  iodine. 

Tito  eomiKwitiou  uf  bydriodic  noid  tnay  be  aacct 
ing  potasBiom  in  a  mewBured  ralume  of  the  gaa. 


liTdrobmmif  :< 
i!rtliiil<-  i-liiir:. 


/  ]■.■.  nt.  (u  "rill 
'■■1 
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byilntS^n   rcmaiaa  eqiul  in  liulk  to  linlf  tlie 
coaaciiticiidy  its   coupo&itiou  m*j  U.-  thus 


I 
H 


I  0-79 


1  or  o-j  —  4  .i;8 


ByWiadiekrid  HI  :=  i>9        toooo       4        i-o  =^  4'4i3 

M\tU». — Tb<^  iodiiles  of  tlif  metals  arc  oil  solid  at  ordinarjr 

lynntTins ;  tht:y  am  Icmh  fiiitihlo  and   volatile  than  tlic  cottc- 

'  cbtnriiles  »tid  bmmidfa.     Tlic  iodides  of  gold,  eilrer,  pla- 

iUid  pBiMiuDi  are  drinmpoHed  by  licat  alone,  wliiUt  tlic 

:  an  left  in  a  state  of  purity  ;  but  most  of  the  iodides  are 

1I  into  oxidM  vlifn  lioiiuil  in  the  nir,^tbe  oxy^ii  dis- 

ine.    AH  the  iodides,  whether  solid  or  in  solutioa,  are 

■TM  ;>Ti;hIuriiie  imd  broroiiio,  ns  well  us  by  nitroiu acid  aad 

in)  nitric  acid,  with  liberation  of  iodine.     Water  di&solvcs 

irr  tiumbcr  of  tbc  mctBllic  iodidew  tnxXf ;  sonic  of  tlicm 

t,  and  exhibit  eoloon  of  great  brilliaucy.     The  soluble 

Im:  rnrtnU  may  bo  obtatned  by  the  <lircct  coiubinatiou 

ic  ncid  irith  the  uictoUio  oxide,  or  by  the  action  of  iodine 

>n  Ibu  metal  itwif.     Thi-M:  iodides,  when  in  solution, 

i|  by  the  rraction  with   starch  already  mcntioQcd. 

■slutiun  ofeorrosire  itiiblimnte  (chloride  of  mercury,  IlgCl) 

|?r  a   tNwitifiil  will u on > coloured   |irocipitate,  which  almost 

ily  clian^cs  to  a    brilliitnt  scarlet :  thi«  is  tbc  iodide  of 

it  \\  •oluUle  iu  excess  both  of  iodide  of  jiotaftiiium  uud 

•ivo  KubiimAtc.     Subiiitrate  of  mercury  give*  a  green  pre- 

lin  kolntioua  of  the  soluble  iodides.       With  nitrate  of  leoil 

'  Tcltow  jirvciiiitute  of  iodide  of  lead,  wbicb  is 

...  iioiliug  water,  es|ieeially  if  the  lead  suit  be  [ire- 

p,  on  cooling,  the  iiididc  of  lead  is  deposited  in  Tcry 

Eicalcnt,      With  uitrnte  of  silver  a  bulT-ooloured  iodide 

insoluble  in  :tmtnouia,  is  formed.     If  a  mixtnro 

of  iron  and  sulphate  of  copper  be  added  to  a  solti- 

B   wIiiK^'   Hubiodide  of  copper  is  precipitated. 

t'ofgold  tbc  io<lide4  give  a  lenion-ycllow  precipitate; 

uf  plUdiuiii   II  brown  iodide  of  palladium  is  pix>- 

li  useil   for  aiicerlaiiuii^  the  c|iiiiiitity  of 

1 1  tu  which  it  occurs  mixed  with  elilgriue, 

Site  of  piklUilinm  is  freely  soluble  in  vater  (446  n). 

3t  OiiiiM  OP  louiNK. — Iodine  has  a  more  powerful  affinity 
chlorine  or  bromine,  luid  forms  with  it  two 
,  the  iodie  acid  and   the  periodic  acid,  be- 
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M(1c8  aoiDC  other  oxides  Init  imperfecUy  known.     Tbo  ' 
of  (be  tiro  acids  is  tlie  foUowing : — 

Id  iscfMta. 


lodioaod 


lottM.  OtnM, 


.  lO,  =  167    or    jS'cM  +  fj'Q^ 
^Periodiei^  ...  10,  "=  ifij    or    iy^^  +  yoit 

ToDic  Acid  (IOj=i67,or3lO^). — Tbis acid correcpon 
siliou  to  c'tiloric  tud  bromic  ncitU.     It  mtij  lie  i>r(-i>ir«l 

F'waj'a.  1 . — It  oMj  be  procured  hj  long  boiling  nf  iodtuc 
tmtod  nitric  acid.   3. — Equal  jiorta  of  cblormtc  of  potiub  . 

itnaybt!  mhed  with  j  parts  of  water  and  a  little  nitricactd 
tbus  cvulvcd  ID  uliuiidiiticv,  wbil.tt  iodalc  of  i>otajib  is  (c 
dissolved  in  tbe  liquid :  tbe  cbloric  acid  wbicb  b  wt  fl 

rfirst  instance  hy  the  nitric  acid  imparts  its  oxjrgeit  to 

^oblorine  gas  escaping,  wbilc  tbe  iodic  acid  liberates  a  fre 
of  cbloric  acid  from  tbe  cblorate,  and  this  undci^gocs 
dccom])ositiou  (Millou).  3. — Liebig's  plan  of  prepn 
acid  consists  in  suspending  iodine  in  water,  and  tr 
through  it  a  current  of  chlorine  gas  till  tlic  iodine  is 
the  liquid  itf  then  ncutralixod  hy  carljonntc  of  noda,  when 
efferveweuoe  ennucji,  attended  by  a  precipitate  of  iodine, 
be  sgatit  treated  Mmilarljr  by  chlorine.  In  this  cose  th 
combines  directly  with  tlie  iodi]ic  and  fonuB  terchloride 
which  is  dissolved  by  water  unaltered.  It  i»  docompos 
addition  of  tbe  slltali  in  the  following  manner: — 


ImhkiMt 


Cvfr.  Mdk. 


CUdr.UdfUB.       IsbMoTkidk 


5  lClj+18  (NaO,  CO,)  =  i5  NaCl  + j  {NaO,  10,)  +4 1- 

The  neutralized  liquid  contains  iodato  of  soda  and 
todium.  ChloHd<!  of  barium  h  next  added ;  an  iibundA 
tate  of  iodatc  of  baryta,  which  is  but  sparingly  soluble, 
tliis  is  washed  from  adhering  salts,  and  is  dccompowd  Iiy 
of  sulphuric  acid  just  suflieicnt  to  combine  with  the  bai 
iicid  is  diiKtulved  by  tiie  water,  whiUt  the  tasolulJe 
jlwryta  is  separated. 

Iodic  acid  may  be  olrtniiicd  by  »|itiiit:iiiwm» 
aeons  solution  iu  crystals  composed  ufj  (UO.IOf) 
turn  of  26^)"  it  )mt»  two  thirds  of  itjt  water,  and  bccomea 
by  a  further  heat  of  360**  it  is  rmdcrod  anhydrous^ 
<^  it  ift  derompowd  into  iodine  and  oxygen.       lu 
titute  of  odour,  and  has  a  sour,  aAlriiigcut  taste: 
ics  drcomjio'e  it,  nnd  owing  to  f'-     ■■— tim!»tanee 
first  reddened  and  afterwards  bl<  '  it. 


lODATEa — PBHIOUIO  ACID.  143 


E 

^^^Bdla  tad  oSera  mime  ationuUie*  in  tU  comtiinaUoii 
^^^^B  lodftUs  contain  l  atom,  »omc  a,  and  some  j  atoms 
X  litom  of  bMe :  for  «xatnpl«,  there  are  three  ioclntc«  of 
boy  Biajr  he  rcprcwnlod  by  the  following  forniula; : — the 
nUto,  ko,IO^;  llit;  hiiiiiKiatc,  KO,HO,3lO; :  and  the 
K0,UO,}10[.  All  the  iodatc-e  arc  decoaiiiosod  hy  heat, 
iff  uxygLii.  If  the  metal  have  a  sitrougcr afTinity  for  iodine 
oxygea,  an  iodide  of  the  metal  b  formed ;  thus  iodate  of 
l6,  lO,)  Iwoontw  Kl+6  O;  but  if  llie  nffinity  of  (he 
f;renler  far  oxy;^n  than  for  iodine,  the  oxide  ia  left  he< 
.-ileuf  Irnryta,  for  exnmpic,  i*  converted  into  Inryta,  oxrgcn 
free  iiKlinc,  the  latter  e^capinp;  with  the  oxygon  in  jiurple 
BaO,  IO(  yicMiiig  BaO  +-50+  I.  TIic  iodalcn  of  tlicsc 
Bartbft,  if  not  lieatcd  too  strongly,  Icarc  a  basic  pcriodatc, 
B  nit  rott<t«ting  of  jBnO,  10,.  Tht-  iu)iieoiut  mlulioru  of 
»  xru*  ilecoin[>o«Lxl  hy  sulphurous  acid;  for  example,  KO, 
HO.SO^]  becomes 'kI  +  6  (1IO,SO,)  ;  an  iodiilo  of  tlie 
fonnt^l,  and  then  tlip  io<UaG  may  be  discovered  by  the 
il  lit  the  uoiial  way.  With  the  exception  of  the  iodatesof 
tbc  ioitates  are  hut  sparingly  soluble.  The  lime  salt 
An  i  those  of  baryta  and  strontia,  if  prccipitntvd  from  hot 
retain  i  A<].  whilnt  tite  iodatcs  of  lead  and  silver  are 
■ ;  iodalo  of  silver  is  iiiHolublo  in  diluted  nitric  add. 
forms  crystal  I  ieablc  ooniiwuiida  witli  the  suljtliuric  aitd 
acids. 

pBRionic  Acid  (10.  =  183). — ^Tliis  arid  lias  not  been 
in  the  anhydniii*  form;  it  corresponds  in  compo»ition  to 
iluric.  Il  is  obtainiid  hy  tmuiitiiittiiig  a  curi-cnt  uf  chlo- 
throogh  a  soluHou  of  ioJatc  of  soda,  which  contains 
ida  in  tho  [iro|x>rtiou  of  three  atoms  of  free  alkali  to  1 
idate  of  sodn  ;  a  sparingly  soluble  h&tfic  pcriodate  of  soda 
TliD  reaction  vhidi  occurs  ooamta  iu  the  decoinpon- 
<r  Mxlu  by  3  of  chlorine,  cMoridc  of  sodium 
i  tlie  2  Aioms  of  oxygen  combine  with  the  iodic 
rm  tlie  periodic  acid ;  the  latter  combines  with  a  second 
'  "■  niiH  the  baHio  jwHodate  of  soda,  as  explained  by 
....    _  .      .[s:— 

H  SnI..  CUmtaA  SalrvinditocrtoU.     ^^^  n'Ufr, 

b  +  3(N«6.H01  +  aCf  =  a  SaO.  10~  +  f^M  +  jTlO. 

e  iM.-rioibiU^   of  voda,  which   when   crystallizixl  contains 

'!'■'    -  diswilvfid  in  diluted  nitrie  acid,  and  prc- 

■1-,    ..,■  jn  of  nitrate  of  silvcj";    tlie  pcriodatc  of 
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Bilror  i«  then  iltMolvetl  in  Ixiiling  Ditric  sciil ;  a  nonnal  M 
of  silver  (AgO,  10,}  CTTstalUics  as  tlic  liquid  oooU,  bdi]  fl 
^vlicn  trvaUtl  villi  nntcr  '»  (Iccompoecd  into  basic  peril 
silver,  vtiich  ia  iosoluble,  and  periodic  ncid,  which  b  dfl 
Dy  ovaporation  of  the  •oluttou  tbc  periodic  acid  may  be  m 
ill  deliqueecent  oblique  rlioaibic  pri»>ni«,  wliicli  ooDlain  I 
of  water,  and  arc  somewhat  soluble  in  alcoltol  and  ilP 
The  periodatee  are  moat  of  them  uparitigly  solublo  in  «al( 
arc  dissolved  freely  by  diluted  nitric  acid.  ITie  normal  d 
(Nat),  10.)  causes,  irilh  itoluUoiis  of  uonnal  aalla  ot  \M 
procj|Htatc  of  a  basic  pcriodate  (5  BaO,  2  I0,+5  At]),  Ah 
precipitates  are  fonncd  with  volt*  of  Unic,  of  Ic^d,  or  M 
whilst  tbo  liquid  bccomos  acid.  The  htaic  talrer  mlm 
yellow  (3  AgO,10^+3  Aq)  if  precipitated  &om  eoM,  I 
(3  AgOJO,+Aq)  if  &om  hot  solutioua,  ■ 

(335)  CBLOHiDtis  or  Iodine. — Two  compoundfiof  io(l 
chtoriue,  a  protochloridc  (ICI)  aud  a  tcrclilucidu  (ICIJ  J 
obtained.  ■ 

The  jmjlorhloruie  \*  n  very  imtotiug,  volatile,  jfl 
brown  liciuid,  which  is  obtained  by  distilling  1  part  fl 
with  4  parts  of  chlorate  of  xwtath ;  the  distillcti  chluride  ■ 
is  soluble,  Bpj>areut]y  without  chau)^,  in  water,  in  iJcofia 
ill  ether.  This  chloride  when  hot  dissolves  iudluc  rcadn 
ilopOBits  it  in  beautiful  crystals.  ■ 

Trrcliloride  of  iodine  ta  procured  by  acting  ujion  ioa 
exceMof  dry  chlorine  gas.  It  forms  mnguilioctit  ruby  red  I 
wliit^h  undergo  spontaitcous  aublimatwd  in  closed  bottfl 
Tuponr  ia  e.\trt'mely  irritating  to  the  eyes.  If  e\  '  '  <% 
it  attracts  inuiGtun.',  uid  i-4  diK<»lvi:d  by  water  witL<  ^  g 

deoompoHition.  Alkaline  colutions  dcoompow  it,  and  JH 
pnvipilntcd  as  in  Licbig's  method  of  pre]tariitg  io4lU:  aci^| 

lirtiiitidfji  nf  toiline. —  Iodine  aUo  coiuliinvs  with  brtitd 
fbnn*  ooni|iounds  with  it  vvhicli  nxc  po«SG6Scd  of  pruiwrtiH 
Ui  tlu»e  of  the  chlorides  of  iodine.  I 

{^}fi)  Innini:  or  NiTRoorx?  CNHl.l. — Tlib  mbatflgM 
olrtniiicd  im  a  block  |iuniU'T  by  digMtiiig  iodine  Kir  hal^^| 
II  mid  tolution  of  amniouia.  The  brawu  mtjicrnalant  liqifl 
n>it)itlni  an  excess  of  itxlinc  held  in  solutiou  by  ifl 
atiiiiiiiiihiMi,  ii«  di-CAKiet),  and  the  innolnlilc  ponder  i«  t^HM 
lit  ,  »|N'r  i»  quantities  of  a  griiin  nr  less,  anil  m 

,,  It  may   also  bo  pr '    '■■  ,    m 

*<  .  iiLiUQ   and  tonmouia,  ;u  'ftlfl 


loptBi  or  mmooEM. 
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JHalilaek  pnwtW  trhieb  maj-  be  wuhed  m'th  an  mjucota 
inf  umnoiini.      fllini  dry,  it  exploded  npon  the  alighleat 
inil«^l  it  oft^'ii  ilctonatui  without  any  assignubic  cause; 
aa  is  rnnarkablr  sliarp  aii<l  sudden,  fumes  of  iodine  are 
,aiA  a  (iiiiit  light  in  miittcd. 

rincots  of  Uiocau,  tbn   miilt«  of  nhtcb  have  been 

confirmed  by  Gladntoue,  have  shown  t)iat  llii*  dcto* 

^cocijHiiind  is  DOt  a  mere  iodide  of  iiitrogcii,  but  that  it 

kImo,  laving  the  formula  NHI^     Tlie  mode 

iion   admits  of  easy  explanntiou  by  the  fotloiving 

4  I  +  3  n,N  =  3  (H.XI)  +  NUI„  the  reaclio«  of  4 

it  todJDe   ajtoii   3    of  ammonin  produciog  3  of  iodide 

lintn,  and  1  atom  of  the  detonating  substance.      Uunseo 

I  to  the    oompouud    obtnine^l   by   precipitating   an    alco- 

blntion  of  iwiitK;  with  ammonia  the  formula  (NU^,  NIJ, 

mire  pruhalile  that  tlie  compn»ition  attributed  to  it  by 

.de  Chimif,  U\,  xv.  yj)  is  correct. 

aea  slowly  decomposed  in  nater ;  am- 

sh  and  the  acids  accderate  the  decompo> 

bloriae,  bromine,  and  strong  nitric  acid,  dettroy  it  rapidly; 

hydrogco    also   effects    its    docompositioo   quietly 

It.      The   results  of  the  reitctioii  last   mentioned 

fDcana  of  ascertaiuing  the  relative   quantities  of  nilro* 

kiditie  eontaincd  in   the  ioiltde :   t    atom  of  the  black 

vLra   treated   with  4  atoms  of  sulphuretted   hydrogen, 

I  atom  of  iodide  of  ammooiumi,  1  of  hydriodic  acid,  and 

i  of  Aulpbur : — 

NUi,  +  4  HS  =  H.NI  +  UI  +  4  S. 

■  Natural   HeitiliiM  of  the  ITtiloffftu. — It  is  impossible 

truck  with  the  clow;  anitlugy  prenetited  by  the  three 

IxidiesL,  ebloriue,  bromine,   and  iodine,  both  in   their 

■late  nnd  in  their  compouudif :  they  indeed  form  one 

[beat  dL-dued   lutural    groups  of  simple  substances.     All 

aeutsbaro  the  peculiarity  of  comlnuing  with  hydrogen  in 

tioa  of  i  volumes  of  the  g:iB  or  vapour  iritli  :l   volumes 

era ;    the  union  oorrurring  without  change  of  hulk,  and 

ad  fonned  being  acid  and  extremely  solnhlc  in  water. 

'  of  tlicir  chnnical  activity  decreascH  aa  the  comhining 

When  iu  the  liquid  form  the  three  elements 

l^une  atomic  vuluroe  (1468) ;  and  when  united  uith  the 

"liich   they  furnixli  arc   ieoraor[)hotu  ;  the 

:.:id  the  it>dide  of  jxrtasuum,  for  example, 

L 
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all  CTfsUUisini;  Id  cubes.     Eaclt  of  tlie»e  eieinaiu  also  forms  \ 
powerful  acid  with  5  atoms  of  oxygen.* 

At  lliu  time  tliat  iodine  wii»  discovered,  clilorine  iras  hy 
dicmiiits  regarded  as  a  compound  of  muriatic  acid  and  oxvgeu,  1 
was  conecqufutly  known  as  r>.ryiimrmtic  add.  Indeed,  "inoeti 
the  reaotiouH  ttliich  it  j)resetite<J  admitted  of  a  simple  csplanatia 
on  this  liypothcsis,  and  tliin  eircunistiince  prevented  eliemiats 
adopting  generally  the  viena  which  had  a  short  time  )>rcrioiN| 
iHicn  put  forward  hy  Davy,  maintaining  the  elemeiiliiry  nature  ■ 
ohlohne.  The  discovery  of  iodine,  however,  decided  tlicin, 
sistcd  materially  in  fixing  the  opinion  now  cntertaiiicd  res( 
he  compotindH  of  Qnurlue,  the  fbtirLh  member  of  the  group,  uoA  1 
rluch  our  knowledge  is  in  a  much  lees  satisfuclory  condition. 


§  IV.  Fluobise  (F  =  19). 
Theoretical  Density,  V$i$  ;   Comb,  V(4.,  2. 

(3.^7)  Mas'Y  ntntucecjwfid  attempts  hnvc  been  made  at  var 
LtimcB  to  isolate  fluorine.  Its  afiinilicH  are  so  powerful,  and 
'Action  oi)  the  hum.iii  frumc  is  so  Irritating  and  deleterious, 
little  that  is  satisfactory  ia  known  concerning  it  in  its  Jrce  stab 
Venscl*  of  flnor-Kpar  are  the  only  ones  which  hnvc  as  yet 
found  capable  of  withstanding  its  action.  No  doubt,  however,  i 
•entertained  of  its  genernl  nature,  since  its  compounds  arc  da 
analogous  to  the  corresponding  ouea  of  the  three  element!*  wfc 
have  ju!<t  been  dcscrilwd. 

Fluor-spar,  or  fluoride  of  calcium  (CaF),  l»  tlie  only  coinpoun 
of  fluiiriue  which  exist'*  native  in  abundance;  and  from  it  all 
preparations  of  lluorinc  arc  obtained.     Small  quantities  of  tluorid 
of  calcium,  are  contained  in  a  variety  of  minerals,  particularly  td 
the  phosphates  of  lime  and  certain  kinds  of  mica.     It  exists  too  i 
niinutt'  qtiimtity  iu  the  buncJt  of  animals,  and  especially  in  the  teetti 

(338)  HYDBortroBic    Acid  ;    sometimes    incorrectly    tena* 
luorie  Acid  (HF=2ol, — Calcd.  Sp.  Gr.  of  Anhydroua    Vapo 
ro"689.-i-nuorine  ia  not  known  to  form  any  oxide,  but  with  hyd 
gen  it  constitutes  a  very  remurkablc  acid. 

Preparation. — In  order  to  procure  hydrofluoric  acid  in  »olut 


•  NitroeiMi  is  reniotoly  uona«c(od  willi  lliis  (jrwup  by  the  »imiliirit7<f  i 
nitrated  willi  Ilit>  rliloratni,  aad  of  tUp  uilriu-a  with  tic  <!iili>ri(4>8 :  it  fanm 
)a(crini-<]ist<>  link  in  the  natiirnl  groupini;  or  tbu  «li<[ii<.-nia  bciwi^Mi  lhi>  lis 
geo«  snd  tho  flcm*rilit  bploncinR  to  tli«  phonplwrus  raiiiilv;  iu  ronipoji 
Lwilli  li;i!n>t!ra  (viz..  ammonint  pmmtinK  ■nmo  nnnio(;ies  nith  phofptiuret 
fdrogcn,  which  will  be  more  iull>  slionn  lifrcolVr. 
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i)  fiirrn,  I  part  of  finely  jiowtlcrcd  l!iinr-e[tar,  Tree 
111  titc  oii-tollic  sulpbiilc^,  i»  tuiiet!  with  2  or  3  jiarts 
niriul ;  At  ordinary  teinpi'ratiiriM  no  ct'olutioii  of  rapotir 
tht  duor-spar  Ik  pnir,  but  a  transparent  ^'flalinotw  mass 
On  the  npplicithDd  of  n  goutlu  licit  <lL'nM:  uciil  rumm 
ictjr  ilcletrrioiu  iiatun:  uriae,  and  a  motion  takct  place 
tbit  wbidi  o<Hiiirs  in  thu  prGp«ntton  of  hydrocliloric 

C»F  +  no,  SOg  =  IIF  +  CaO,  SO,. 

f  to  the  powL-rfiiUy  oornwlvc  nctiott  nliicb  lliie  compound 
(Ml  gliiw,  which  it  <lcpriveB  of  il»  silicon,  it  is  uccc-iHary 
1  prcpurc  it  in  ini'tnllic  rc>«cls.  For  ordiiukry  piir])09C8 
luiou  may  If  condncU-d  in  a  leaden  retort.  For  the 
of  removing  ibc  ebargc  after  the  operation  is  orer,  it 
sdmntiigCMos  to  nialic  tlie  retort  in  two  pieces,  a  bead 
:y  ;  tbcbcad, 

9,  lit«   aiVil-  *"">■  '79- 

Ul    orcrlnp' 
joint 
Uxly,      A. 
Buiy  'w  con- 
appliiil  in  nn 
mwiiier     by 
tu]    budy    of 
It)  B  abftllow 
a,  filtcd  Willi 
I  the  receiver 
id:   it  con. 
iai  pipe 

Jing  to  tbe  neck  of  the  retort,  and  is  cooled  hy 

in  a  mixture  of  ice  and  wilt.     When  a  jicrfectly  pure 

'till  mu«t  consist  of  pUtinum. 

J  add,  ubtaiiiHl  by  Uie  foregoing  method,  wiui 

rnl  If)  bo  anbydrooB ;   but  tlic  researches  of  Lonyct 

-,  sxif.  434)  luivc  proved    that    it  coiitaiua    water. 

•  ith  an  ciUKss  of  anhydrous  pbo«pliorie  ncid:  the 

Dby  removod,  and  a  colourless  gas  of  an  extremely 

^ree:  it  proditcwl  dfn*c  fumes  on  escaping 

ii-  ai'liou  on   [K-rfectly  dry  glaM,  and  wa» 

h1  by  wattT.     Fremy  {-Jkm.  rfe  OAimir,  III,  xlrii.  51 

'■!(■   ttuoride  of  [tota-iMiini  and  hydr"- 

I  ;  the  salt  is  first  rendered  auhvunn: 
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_ .  ':v  lAernards  applying  a  str 

-■.:l"i.'  ii'id  is  expelled:  by  the  a] 

.    .•;  j::i,i  salt,  the  anhydrous  aeid 

-.    .  *  ,-Llourless,  mobile,  very  volat 

.L  .".'ioiiied  the  aiiliydrouB  acid  b 

■,  L-v  bvtlrogeii.     It  admits  of  do 

.  .■.::aiiicd  by  either  of  these  proc 

>  ."posed  to  aualogy  that  hydrofl 

■    rr  readily  than  hydrochloric   ac. 

■  >«.,.,-v  to  litjuefy  it  thau  hydrobroi 

1  greater  than  hydriodic  acid,  tl 

f,..^  ;is  the  combining  uumbcr  of 


j>."a 


obtained  by   distilling  fluor-: 
,,  ;m/"  luiiiiug,  volatile,  colourless  liqu 
i::-}.  remains  nnfrozcn  at  — 4°. 
,   ,  ..   ;-■■.*:  bo  coudiicted  with  the  greatest 
^       ■:  .>:  '.V  made  for  carrying  off  the  fumes 
„  ;  l  ;u'id  is  highly  dangerous,  from  i' 
„  : .  :hf  smallest  drop  occasioning   a 
.■  liixv..  it  ought  never  to  be  preserved  in 
■'-  ■■c:  (xiurcd  into  water  it  combiucs  wi 
..a:  »  :-i  tbe  evolution  of  so  high  a  tcmp( 
,j^  ^  ■.-..■isi',  rescnibJiiig  that  caused  by  qm 
■.i,  ^vLU'cntrated  form  it  has  a  specific  ( 
-,■  i.:.:;ion  of  water  the  density  may  be 
.  ^     ,    i"v-."h  point  further  dilution  is  attcndi 
. .,  ,^-   -    .ii-:isiiy.    The  acid  of  sp.  gr.  1150  is 
■-.■,''  ■  it  boils  at  248°,  and  may  be  disi 
-.       ,;  :-,w'.nilliiorieacid  j;radually  dissolves  tli 
-.  siold,  sili'cr,  lead,  and    mercury,   e: 

■  ■..■s>i;;;n  if  thrown  into  the  strong  acid  de 

■  ,-.  .■  ^.'.d  is  easily  recognised  by  its  eorrosi 

■  .-licr  to  detect  a  fUiwide  in  a  eompounii 
.•.:i  it,  the  material  is  reduced  to  a  fin 

,  .■;,:;;;u>m  capsule  with  strong  sul]ihuric  aci 

■■,vl  a-iil  rubbed  oicr  ^itli  bees'  wax  so  as 

'"  ^    .  .  -.1  ..liaim'ters  arc  next  traced  with  a  point 

■i-  •.,'  lAimse  a  portion  of  the  glass;  this  c 

'    " "     '^    :   ,,^.f  ilie  platinum  capsule,  which  is  gcntlj 

"  .!    .-ii-s.  and  the  glass  is  cooled,  if  uecessarj 

-■   ■  '"j^.i^i-iuti  liltering  FP^r,  in  order  to  prevent 
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mc-ltcd.  If  flnorine  l>e  rontiiincil  in  the  inuluir,  the 
[«)nnin|>  off  the  was  with  a  little  oil  of  turpentine,  will  be 
!  lo  be  mrrailnl  tu  tlic  parte  cxpoacd  :  if  the  traces  be  very 
i  Ibcf  nutjr  be  rcutkrod  visible  \>x  breathing  upon  the  Burfa 

i»c%k  solotioa  of  hydrofluoric  acid  is  ofteu  employed  (or 
on  gbao,  witb  iHlvuitsgv :  in  thi>t  way,  for  instanec,  the 
on  the  glass  stem  of  a  ttiermomolcr  may  b«  Diode 
pvcri«ioii  and  facility;  the  glass  tulie  i»  first 
■TCTs'  etching  varnish,  the  divisious  are  traced  throflgh^ 
wilh  B  Ane  |>uiut,  and  the  tithe  ix  plutigixi  into  a  lonj 
filled  with  tl»e  diluted  acid ;  in  tho  course  of  a  fei 
scale  if  i)ermancntly  engraved. 

r. — The  compotiuds  of  the  inetaU  with  fluorine  fiise 
jtho  Application  of  lieat,  and  hciiee  tbe  origin  of  the  termSij 
;  and  Kuorine  (from  fluo, '  to  flow").     A  large  number  or' 
riuKiluble,  or  only  sparingly  euluble  in  water.     They  arc 
wbcu  heated  with  oil  of  vitriol,  and  ei'olve  hydro- 
I ;  but  they  arc  not  att^ickod  )jy  Ditric  acid.    The  Kolntions 
itile  fluorides  corrode  the  glnas  vessels  in  which  they  are 
1 1   llicy  give  no  precipitate  with  nitrate  of  lilrer,  sine 
'  uf  ailver  is  soluble ;  but  with  salts  of  lead,  barium,  mag- 
*:  SI")  calcium,  iDHilublf  precipitates,  consisting  of  tlic  fluo- 
metals,  are  produced.     Tlie  fluoride  of  calcium  is  so 
ji  w>  to  he  perceived  with  difficulty;  but  on  heating  the 
the  addition  uf  ammonia,  it  is  rendered  more  opaque, 
metallic   fluorides   combine  with   an   additional  atom 
'He  acid,  and  form  compouuda  which  in  many 
iicd  in  crystals  tluit  arc  Miliiblc  in  water.     The  donbli 
ol  putuuinin   and  hydrogen   (KF,  (IF)   has  )>ccu  already 
I  as  a  coavvnicut  tource  of  concentrated  hydrotluoric  acid. 
Jm  of  the  alkaline  metals  with  the  fluorides  of  the 
ttive   metals  which  form  acids  with  oxygen   may  likc- 
r,,!....;.,.-.]  witl,  facility.     Many  insoluble  metallic  acids,. 
I  ic,  titanic,  molyhdic,  and  tungslie  acids,  arc  tht 
He  arid,  fluorides  of  the  metals  being  formed, 
,.  l1)(»g  compounds  protlucc»  water  with  the  hy- 
rnfluoric  acid:   the  metallic  fluorides  so  forme 
Ivod  l>y  the  excess  of  hydrofluoric  acid,  and  give  rise  1 
•cida.     Titanio  acid,  for  instance,  is  thus  oonver 
sic  and  ;  TiO,  +  3  HP  becoming  IIP,  14?,  + j  HO. 

'.when   mixed  with   nitric  acid,  readily  dis. 
Itas  not  been  RtroDgly  ignited ;  but  it  ia 
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remarkable  that  the  mixture  doee  not  dissolve  either  g 
platinum. 

Numerous  other  compouDds  of  fluorine  have  been  pn 
but  they  are   not  of  sufficient   practical   importance  to 
notice  here :  the  compounds  which  it  forms  with  silicon  an 
boioit  will  be  described  hereafter  (389,  394)- 

(339}  Determination  of  the  Combining  Number  of  Fliw 
Although  the  chemist  has  hitherto  been  unable  to  isolate  flut 
a  state  of  purity,  yet  its  combining  number  has  been  determin 
precision ;  aud  the  mode  of  proceeding  offers  an  instructir 
tratiou  of  the  resources  of  analysis  in  such  a  case. 

The  method  of  operating  is  as  follows : — Pure  fluor-apa 
ducctl  to  aa  impalpable  powder,  and  dried;  100  grains  of  this 
im*  accurately  weighed  into  a  counterpoised  platinum  c: 
tuul  sulphuric  acid,  also  perfectly  pure,  is  added  in  quant 
Koient  to  reduce  the  whole  to  the  cousistence  of  cream 
iitauding  for  some  hours,  the  excess  of  acid  is  expelled  by  t 
of  a  lamp :  the  temperature  is  raised  rery  cautiously,  s 
cructhle  and  its  contents  are  finally  heated  to  bright  rednei 
t\i\»  olH^^atioll  the  whole  of  the  fluorine  is  espelled  in  the 
h^vtlroflnoric  acid,  the  calcium  combining  with  the  oxygen 
HHlor  ill  the  oil  of  vitriol,  whilst  the  fluorine  unites  « 
\vvln>gtiu ;  the  lime  thus  produced  unites  with  an  equivalent 
[ttuuii^  at'id,  niid  forms  sulphate  of  lime,  which  remains 
Ou  wi-ighing  the  crucible  after  the  experiment  is  complei 
xtdphalo  of  lime  will  be  found  to  amount  to  i74"36  grains. 

Now  it  is  known  that  68  grains  of  sulphate  of  lime 
,s>  \>f  i-aU'iuni,  40  of  sulphuric  acid,  aud  8  of  oxygen ;  * 
ylvv  i,v«d>iHiug  number  of  calcium: — 

hut  68  :  20  :  :  I74'36  :  ■^(=51-25) ; 

'  •  t  tc  gitiins  of  Mulphate  of  lime  must  consequently  contai 
x-*  i\*U'm»H  ;  I'oo  parts,  therefore,  of  fluor  spar,  if  it  consist 
il'A>'*'">'  «>«l  vrtlciuni,  must  be  composed  of  51-25  of  calcii 

■S  ■  V  *■>!'  tlui>rino.  The  combining  number  of  fluorine  ia  tha 
,*  \>\'*t\  h\  the  following  calculation  : — 

jjlY.  ,if  Pili'iuin      At.wt.of        Qtj.  of  flnorioB     At.wt.of 
lii  i»  iwrli.        CBlcium.  ioioopwt*.        floorin*. 

51-25      :      20      :;      48-75      :      19 
VW  VNWit^Hitm  nuotber  of  fluorine  is  thus  ascertained  to  b 
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CHAPTER  Vn. 

nru-uuE — SKLBKIVM — TELLDBitiu— rnosruoxitE. 

I «)  Natural   tUlatioiu  of  the  Sulphur  Group,— T\ic  four 
titt-*  wtiich  will   be  lipxt  <lc!tcribci],  viz.,  sulphur,  scleiiiuni, 
fiinn,  aitd  pho»phoruSj  arc  charactoriwtl  by  n  powerful  attrao- 
■o«yeet». 

'  '    ',  wleiiiun],  and  tellurium,  it  tniulcnl  nnalo^jp 

r  ift  olwerrAble.     Tbc  propcrtice  of  selenium 

ntannviliatc    bctwccu    tlioso    of    stilpliur    and    tclluriuni, 

litter   prcwiitit  iwi    much   of  thi-  cxtcrim!  diameters  and 

ace  nf  A   mrtsl,    tliat   it  ia    uaiialty   dcscrihed    with  the 

^tnoDi^Ht    the   cotniraimds    of    each    of    tltCMt    1>odics 

[fgco    are    two    ticids — one   with    i    atoms    of    oxygeo 

ling  with   sulphtirouK   acid    SOj,  and  another  with   3 

I  of  otjrgi-u  oorn.-»j>D[uliiig  nitli  Bulfihuric   acid  SO,.     One 

of  the   vai'oiir   of  eaeh   of  the«:   thrw;  elements  unites 

V(iltiai(.-«  of  hydrogen  to  form  2  rolumcs  of  a  gaseous  oom- 

poweued  of  foihly  acid  charnctcrs.     The  atomic  volume 

'    <iilU)  snljihur  is  lot,  ami   that   of  seleninm    103,   or 

.'-al ;  hut  tluit  of  tclhirium,  isR,  is  one-fourth  higlicr. 

be  further  remarked  that  the  eorrespooding  compounds  of 

r,  aeleniuin,  atMl  tellurium  arc   ieomorphoiiN.     Oxygen  also 

a  certain  analogy  irith   tlie   mcuiliers  of  this  ^oup,  t 

'  of  oxygen  aniltng  with  2  volumes  of  hydrogen  to  form  3 

of  At(.-ntii.  and   the  oxides  nud  suljthidea  generally  exhibit 

^'iiitt  iif  n~-v'ii>i)liincc. 

JyA}  Satural  lielatioua  af  the  Pho»phoitis  Group. — Fhoopho* 

Bribed  here  fur  the  sake  uf  coniTDience,  and  not  bi^:ause 

any  relation   to  the  sidpliur  group;  it  has,  however,  a 

rith  iir«rnie  and  antimouy,  two  bodies  which  will 

..iU  tl>c  metals. 

[iltwu*,  arscilic,  and  antimony  arc  indeed  related  much 

lie  way  as  sulphiu-,  selenium,  and  tclhmum;   each  of 

M  Kith   liydn^cn,  and  forms  a  gmKOus  oom{iound  in 

6  Tolumw  of  hydro;;ea  combine   with  i   volume  of  the 

of   the  other  etcmi-nt — the   compound   which   is   formed 

■itig    i^'--    ■;■•"•''  of   4   volumca — these   gsscoue   eompouuds 

iw  D  to  alkatinity.   Gach  of  thcH!  clcmeiitK  unites 

I    in    UiL'  pniix>rtion  of  1    atom  with  j,  and   1  with  j: 

^fcn,  ffirmiug  oumpounde  in  which  the  acid  clianictocJ 

markvd    as  the   atomic   ti-ei^'ht  of  the  cornbua* 
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tibic  clcnietit  incrcuts.  The  Uomorpliotu  reUtlon*  of 
aotd  Hid  tcroxide  of  autirooi)}'  bavc  long  been  kpovo,  udj 
ropondiug  tiibnaic  pho^^pbatcsnml  arscuintcsoOcrtoineuri 
striking  cxcmplificatioiiii  of  isomoqilmm.  Cliloriiic  n&il| 
the  mcrobcts  of  tliu  group  io  tlic  proportion  of  3  atonu  tol 
of  pliosptioruB,  arsenic,  or  antimony.  Kitrogen,  as  alreadjrj 
out,  i«  conDcctc<l  with  tltc  phosphorus  group  bfitacomljina 
hj'drogCQ  (I]}N),  and  bj  its  formntiou  of  adds  witti  3  ud 
Atoms  of  oxfgvii.  All  intCTdting  isomorjJious  rrJntio 
between  tlic  members  of  tlic  sulphur  an<l  tlioso  of  tho  pli 
group;  7  atoms  of  sulplitir  being  iRomorphoiu  with  1  itto 
uscnic,  asisshonmiii  the  corrcspoudenoe  in  form  betnccK  a 
of  iron  pj'ritca  (Fo  S^),  and  those  of  mtsptckcl  (FcS^  Fc 

The  singular  iiunicrieal   relations  uliich   Uunuw 
b*ve  pointed  out  Ix-twccii   thv  atomic  wright«  of  tlio 
composing  these  groups  and  tho^  of  sci  eral  other  clemcnb 
closolj*  nlltecl,  will  be  discuucd  at  a  future  point  (tt(>4)> 

It  will  be  sufficient  here  to  remark,  that  in  groopsoTl 
tu'gntivc  elrnicnls  of  similar  properties   it  is   usually 
tluit  llic  chemical  activity  of  each  clement  of  the  group  ii 
greater,  the  »maller  is  its  combining  number ;  sulphur,  fori 
being  more  active  iu   its   chemical  relations  tlian  sclc 
iclenium  than  tc^Uurium  :   so  again,  fluorine  is  more 
{is  afliiiitics  than  chlorine,  chlorine  than   bromiuL', 
ihnn  iodine.    In  tlie  melnis,  or  bosjlous  clement*, 
tlieir  activity  is  cxftctly  the  reverse;   potassium  being 
than  Mxiiumf  aad  todium  tluui  lithium. 

^  I.  SrLrnoR  (S=|5). 
Combining  Volume  below  1500",  {  ;  at  1900*,  1 ;  Spec 
<if  Vapour,  6-617  "'  900"  P-!  ot  1900*"  T3.* 
(340)  Most  of  the  Kulphnr  used  in   Euglaiid  is  vik 
Sioily,  whitx!  it  occurs  in  the  native  or  uocombincd  »tat^ 
of  a  blue  clay  formation,  stretching  from  the  southcni 
the  i>itmi<l   towards  tbe  base  of  Mount  Einiu     U  is 
alnindimlly   in   volcanio  di»tricts  gL-ucrally,  and 
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IT  tl(f  MwlittTrHUcnn,  Mauy  of  the  compounds 
llir  imUtlft  occur  iu  grrxt  ihundaiicc  as  osturat 
— eftjKciaUy  the  BtUptudcs  of  irou,  co[i[)er,  Ic-iul,  ond 
xle  of  iruu  (iron  pjritcs)  furnixlics  a  Inrgc  jiroportioD 
coiixumcd  in  th«  manu&cturo  of  oil  of  *itrioI. 
more  cstctuii'ely  distributed  id  the  oxidiecd  cod* 
uric  acid,  iu  ooDibiDation  witli  vitrioiis  t-artlis;  ilie 
:>e,  of  mngncmn,  barj'tu,  Kiid  «troiiltu  licing  abundant 
oditctioim.  SDtpliur  is  likeirise  an  GBticutiul  coiuUtucat 
bodtcH  of  or^^Riiic  origin  ;  it  i«,  for  {-xainplv,  always  con* 
tbo  albuminuid  or  pruttric  compounds  (1400). 
rfitw.— Native  siilpliiir  a  found  ratliiT  io  amorphona 
r  in  traiiapareiit  ydlow  crystals,  the  form  of  vrhicli  U 
mn  tliv  (K'toliL-<lrou  witli  a  rLombic  hofc.  Thv  sidpbur 
snn  is  eitlter  in  the  form  of  a  hanh,  jcllow,  gritty 
nown  totfiuwtrt  tif  xui/jAur,  or  in  round  ttickH,  nonsti- 
ttilplmr  ur  coniuiou  tiriwstoHe.  In  the  latter  condition 
ocorly  opiuitic,  brittle  substance,  of  a  cluiractcriitic 
*,  with  a  shf;ht  |)ccidiar  odour.  It  is  iu-%otnhle  in 
t  Vk  conKdjnunlly  t;istclc»c ;  it  i»  a  bad  conductor  of  hcnt, 
grasi>c(l  with  a  warm  hind  frequently  craoklca  and  falta 
fnuu  tlifl  unequal  expansion  ;  it  is  au  insulator  of  clcc- 
d  becomes  negutively  el«;tric  by  fricUon. 
or  u  hifflily  inflammable,  ami  when  ticatc-d  in  the  air  it 

Rbctwc-fn  450°  and  500°,  burning  with  a  blue  ilame, 
pungent  hufTocating  fumvs  of  sulphurous  acid.     At 
,  forming  a  yellow  liquid  which  \»   less   Acaw.  than 
:ed  «ul|ihur.    In  closed  TcsicU  it  may,  by  a  furtlicr  heat, 
I,  the  boiling  jwlut  being  about  834'^  (Daroas) ;  at  this 
ro  tulphur  yiclda  a  deep  yellow  vapour  of  sp.  gr.  f>-6i'}  : 
Uj^ia  vapour  ooutoins  5  ctiuiviilcnts  of  sulphur.    Uineau 
^Hltn  sulphur  is  heated  to  about  1800°  F.  the  rapour 
^Hd  Iu  three  times  the  bulk  timt  hIiouM  lie  produced 
HRUiuu   uf  temperature,  and  chat  at  this   high   tcm- 
E«  volume  occu{nc<]  by  an  cquivulctit  of  aulplmr  vapour 
P'  tif  an  equivalent  of  oxy^cu;  this  olisenatioa 

iiinned  by  Do'illc  and  IH-bray. 
eotsbiucB  readily  with  chh>rine,  with  bromine,  and 
ly  irhcn  iIm>  action  ia  favoured  by  heiit.     It 
into  ooDibiuatiou   with  most  of   the   metati>, 
like  coppor,  iron,  and  silver,  if  in  a  state  of  line 
ly  when  hmted  in  ita  vapour.     The  com  pounds 
ou-'tala  are  tenncd  luljMtifs,  or  saJjiAurela, 
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Ejlraciion. — A<IrnntAgc  i«  taken  of  tbc  roUtility  of 

to  purify  it  from  tbo  eartliy  mnttera  which  aocompaiijr 

native   Mtntc.     A   rough   dMtiUntion  i«  pcrfonned  upon 

where  it  ia  obtsiiiixt.     For  tbi«  purpoM:  a  lon^  hrkk 

cou«tructe<)  so  im  to  contniii  a  double  row  of  uprigbt 

retorts,  each  of  a  ca)>acit}-  of  4  or  5  gallons  ;  each  n 

niHhed  with  a  Inrgc  upcrtttrc   nt  tbc  lop  for  cliitrgiiig  it 

aiilpbur,  and  with  a  nhort  wide  lube,  which  proceeds  frtmi 

at  the  upper  i>nrt,  niid  $lo]>c»  doirnward*  through  tlio  « 

furnace  into  an  earthen  receiver  of  a  form  nmilikr  to 

retort :  from  the  bottom  of  tbc  reeeivur  a  »hort  pijie  oan^ 

Btill  melted  Bulphur  into  a  vcMel  containing  wslcr.     It 

ever,  nlill  vcrj^  impure,  mud  require*  a  M?coiid  more  care 

latiou   before  it   ia  fit  for  many  of  the  purposes  to  «1 

applied   in   the  nrt«.     Tliis  H-cond   distillntion   ia  cond 

retorts,  generally  of  iron,  furnished   with  a  abort,  wid 

neck  :  the  fumes  arc  received   in   large  chamliera  of  b 

If  the  iralla  of  these  chnmberti  \k  kept  eool,  and  the 

oouductcd  slowly,  the  sulphur  is  coudcnscd  in  povilcr, 

'  flowcia  of  sulphur ;'  but  if  the  lire  be  urged,  and  the 

alluoed  to  Ijceomc  hot,  the  sulphur  melts,  ruiix  douii,  tw 

drairn  off  ijito  cylindrical  noodcu  moulds,  which  give  it 

form  of  roll  sulphur. 

When  fiiilphuf  !«  prepared  from  pyrites  (FeS,),  ifeHl 
sometimes  distilled  in  etoscd  vessels,  and  by  this  meailM 
third  of  the  aulpliur  irhioh  it  contains  ia  vohitiliicd  nntl  o 
magnetic  pyrites,  Fe^S^,  remaining ;  but  it  is  mure  usual  I 
the  operation  in  the  o|k:u  air,  a»  a  pielimltiary  sieji  in  tb* 
of  cop|wr  pyrites  to  prepare  it  for  smelting.  Huge  ha 
ore  are  arranged  in  ihc  fom)  of  a  tnmcnted  Mpiare  pyi 
base  of  which  is  about  30  feet  in  the  side.  A  layer  of 
ore  is  placed  at  the  Ifottom,  and  orer  this  one  of  bnub 
the  centre  is  constructed  a  wooden  chimney,  whiib  coin 
with  uir-wayii  left  between  tbc  fagols  ;  fnigpicnt*  of  or 
piled  up  until  the  heap  is  uboat  8  feet  high,  and  Ibl 
laftUy  covered,  for  a  depth  of  I3  iiic)>eii,  witli  a  layer  ot 
ore.  Such  a  heap  contains  upwards  of  3000  tons  of  fi 
will  funiinh  about  20  totu  of  sulphur.  When  the  eeoM 
|thc  heap  is  complete,  the  fire  it  kindled  in  tl- 
lighted  fagOtM  down  the  chimney  ;  iulbcObi< 
heat  bceomes  diJI\iBcd  throughout  the  ro«Bs,  and  vul 
lipose  from  the  niirfiicc.  When  this  !■ 
phcrie^  wells  ur  cicav&lions,  filtetl  w 
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Jnycr  of  ore  for  the  i\fc.-ptloo  of  tlic  auljibur  j  into  these 
dmiim,  nntl  ix  liuil)-  Iniilcd  out  mid  cast  into  moulds. 
of  roiutiiig  sucb  a  h«ap  occupies  Rve  or  sis  months, 
r  i»  exlciiaivclv  tinployi-d  in  Uic  arts;  from  its 
.'J  it  is  itsc<l  to  fHcilitate  the  combustion  of 
lii»,  u  in  tlie  prepnrntion  of  mntolics ;  and  largr  qnanti- 
rousumcd  iu  the  mauufaetnrc  of  giin|>owder.  It  is  cm- 
tamo  incUMil  IU  a  mHiciiiL-,  CK{>ix'iiiII}'  in  certain  forms  of 
tlisensc;  when  converted  into  aulphuroits  aeid  it  is 
tliR  lil4wchin^  nf  Nilk*  nnd  finnnrls  ;  but  its  chief  con- 
is  in  the  prmltictiou  of  sulphiirio  acid. 
Varit>ti» /ormji  of  Sulp/iar. — Snlphiir  hu  Iwen  nIrMdy 
(H^)  aa  nlTonling  a  eirtkiiig  i)1u<itratiDu  of  the  ooctir- 
ilropy  :  it  may  he  olitainKl  in  wncrol  di.ttiiict  n)odilI- 
form,  or  in  diflercnt  allotropic  states, 
flnt  form,  which  lias  been  dt#liiigiiishcd  by  the  KTmbol 
he  uutivc  crystal  of  sniplinr,  the  oclohedroii  with  a  rUorabic 
II  may  be  iihtkincd  nrlifidally  by  alloiring  tUc  solutioH  of 
',  in  cidonde  of  sulphur,  or  iti  bisnlptiido  of  carbon,  to 
ite  Npontmiconaly.  It  is  ecmitran>>[)arcnt,  of  an  amWr 
nilonr.  and  has  a  denaity  of  2*05.  Its  cryatata  undergo  no 
,  tKe  air :  they  Fum;  ut  239°  P. 

lod  rariety,  8^,  is  obtained  by  molting  a  few  poands 
kor,  and  allowing  il  to  rali'lify  on  the  surface;  if  the  crust 
ititli  a  hot  vire,  the  still  flnid  portion  may  be  poured 
tlui  Milid   inOMi  beneath  will  be  found  to  be  linn)  with 
t   ^)n)«rnish.ycllow   needld,    belonging  to   the   oblique 
form ;  these  have  a  specific  gravity  n)usidcrably  lea  tliaa 
'9JI,  the  deiuity  of  onlinary  roll  kulpliur.     According  to 
inelt*  ut    H^^.     This  form  is  not   permanent  in  the 
ilaya,  or  (if  the  Jturfaee  of  tlic  crystals  be  scratched) 
liotirv.  llic  transparency  diauppcitrs,  and  although  to  the 
'lin  their  prismatic  outline,  they  lo^  their  co> 
,  itipic  crumbling  mass  is  produced,  consisting  of 
I  HKMiihie  octohcdn.     Ou  the  other  hand,  if  an  octohedron 
lonl  ill  a  lii[uid,  the  temperature  of  which   is  slowly 
IMiiit  ia-tw(reu  3io"  and  330",  il  loses  its  tmis]iareiu^, 
the  fomuitiau  of  prismatic  cr>'staU. 

lAJned    ihnt    in    the    passage   of   the 

111  form,  an  amount  of  beat  is  emitted 

raiM  the  tcmiu^raturo  of  an  e<iiutl  wdgbl  of  water 

of  the   priwnatie  into  the  octohedral 

i.'Idenly,  by  immeniin^  the  prisms  in  a 
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solution  of  biaulpliide  of  carbon,  even  when  tbia  solrant  is 
i^aturutcd  with  sulphur  (Ann.  de  Chimie,  III.  xlri.  134). 

The  tliird  variety,  S^  ia  eveu  more  remarkable  than  the  pre* 
ccctin(;  forms :  it  is  produced  by  the  action  of  a  still  higher  teak> 
perature.  The  influence  of  heat  upon  sulphur  is-  indeed  vaf 
peculiar.  It  begins  to  melt  at  about  239°,  and  between  330°  ul 
280°  it  formn  a  yellow,  traiiitparent,  and  tolerably  limpid  liquiil] 
as  tlic  temperature  ri*C8,  the  colour  deepens,  it  become*  brainy 
and  at  laitt  nearly  black  and  opaque.  At  350°  tiieae  etiangea  Mn, 
vCTy  decided  ;  it  gradually  becomes  more  and  more  riscid ;  dtf 
temperature  at  this  point  for  n  while  beeome.t  stationary,  notwi^ 
standing  continued  accessions  of  heat  from  vithout,  so  that  hctt 
is  becoming  latent,  m  in  the  analogous  ca.sc  of  the  melting  of  icBi 
After  a  while,  if  the  application  of  heat  be  steadily  continued,  tte 
temperature  again  rii^cii,  and  when  it  has  attained  to  ttcarly  501/ 
the  sulphur  once  more  liquefies,  though  it  never  becomes  as  Boil 
aa  at  the  temperature  of  340°  when  fmt  melted.  If  now  auddenljr 
cooled  by  pouring  it  in  a  slender  stream  into  cold  water,  a  soQ 
tcnueiouK  niaiot  i»  produced,  which  may  be  drawn  out  into  ebatls 
threads.  The  colour  of  the  cooled  threads  varies  from  a  pale  amtM 
to  a  deep  brown,  becoming  darker  in  proiiortion  to  the  eleralioi 
of  temperature  which  it  has  experienced.  Magnus  has  thowt 
(P<iggejid(irjp$  Atmal,.  xcii.  308)  that  this  deepening  in  colour  0 
the  melted  sidphur  is  due  to  the  formation  of  another  mod(< 
fieation  uf  .-fulphur,  which  is  hlnck  j  Uic  more  frequently  the  nulphin 
is  heated  up  to  about  600",  and  then  suddenly  cooled,  the  la>^ 
is  the  (juuntity  of  thi?  black  tiulpbur  whicli  is  formed :  the  detail 
of  the  process  retjnircd  for  insulating  it  arc  Riven  at  length  in  tin 
memoir  above  referred  to.  A  red  variety  of  sulphur  was  also  ob 
taiucd  by  Magnus,  which  Jlitschcrlich  proved  to  be  produced  onlj 
when  a  niinnto  quantity  of  some  fatty  body  was  present.  Puctil 
sulphur  has  a  ap.  gr.  of  only  i'957.  In  a  few  hours  it  become 
yellow  and  opaque,  and  returns  to  the  brittle  form,  giving  m 
agaiu  the  heat  which  it  ha<l  abuirbcd ;  it  also  increases  in  demq^ 
the  greater  part  of  it  assuming  the  form  of  Sg,  If  this  ductil 
sul]ihur  be  heated  to  212°,  it  suddenly  returns  to  the  brittle  COtI 
dition,  the  temperature  rising  to  330''  during  the  change. 

Crystalline  sulphur,  either  Sa  or  8jj,  ia  aolubte  iu  about  3  timo 
its  wei|;;ht  of  bisulphide  of  carbon ;  it  is  also  freely  dissolved  by  Cfa 
diclitoride  of  sulphur :  by  Kpimtancous  evaporation  of  these  liquid 
the  Hidpliur  is  Icfl  iu  octohcdra.  UeoEol  is  also  an  excellent  solreo 
for  sulphur,  espeeially  when  heated.  Boiling  oil  of  turjtcntiiie  Itka 
wise  dissoltea  sulphur  freely,  and  retains  1*5  per  cent,  of  it  on  coed 
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;  u  the  liquid  cools,  the  sulphur  cryfitalliu^fl,  first  in  the 
hHDatic  form,  S^  afterwutU  m  the  tcinpernturi:  c»Dtiuii«H  to 
ill,  octofai-dni,  Su  are  (nroduced.  Vitreous  sulphur,  Sy,  is  but 
■rtiaUjr  soluble  in  bisulphide  of  carlxin  ;  and  after  it  has  lost  its 
itnoos  and  tenacious  character  by  exposure  to  Uie  air  it  is  not 
hoUjr  changed  into  the  ordinary  furm  of  sulphur,  for  when  treated 
with  bisulphide  of  carbon  a  pale  buff-coloured  powder  of  sp.  gr. 
'955  '"  '®^*  i  ''  "loy,  by  fusion,  be  reconverted  into  ordinary  sul- 
hor,  soluble  in  bisulphide  of  carbon.  If  ^'itreous  sulphur  be  left 
eontoct  for  34  hours  with  an  aqueous  solutioa  of  sulphuretted 
bjdro^cn,  it  is  changed  into  the  amorphous  form.  The  amor- 
iboos  sulphur,  whteli  i»  iiuolubiL-  lu  bisulphide  of  curboii,  is  rauch 
re  readily  oxidized  when  heated  with  nitric  acid  than  the  crys* 
taUtDe  soluble  modi lical ion.  If  muinUiiiicd  at  230°  for  some  time, 
it  gnidually  passes  into  the  octoliedral  modification,  evolviug  heat 
dunug  the  change. 

(341a)  According  to  Uertbelot  {Ann.  de  Vhimie,  III.  xlix.  435) 
tiicrc  ntv  among  the  various  modifications  of  which  sulphur  i»  »ub< 
c^tiUlc,  two  principal  forms  which  are  more  stable  ilian  the  rest. 
Rcte  are  the  oclohttlra!,aT,sui  he  terms  it, the  ckctroaegalive  v^iticty, 
ibsGDOst  permauent  conditiouof  sulphur,  and  a  pulverulent,  or e/ec- 
tnfuntive  form,  whieh  is  insoluble  in  bisulphide  of  carbon. 

In  the  so-called  electronegative  or  octoliedral  condition  it  is 
wlalilc  in  bisulphide  of  carbon.  This  variety  is  dcpo- 
ated  at  the  positive  electrode  of  the  voltaic  battery  during 
Hbe  etectrolyeis  of  au  aqueous  solution  of  sulphuretted  hydrogen. 
To  thia  rariety  the  prismatic  form,  and  the  white  precipitate 
tfataincd  from  the  alkaline  polysulpbidcs  by  the  addition  t>{  an 
idd,  belong.  It  is  this  form  which  is  always  deposited  from  cold 
■nlatioos  ot  sulphur ;  nhether  the  solvent  be  alcohol,  benzol,  bisut* 
|lide  of  car1>on.  or  ohloride  of  sulphur. 

The  electropositive  condition  isobtiiined  when  sulphur  is  scpa- 
Btad  from  iti  combinations  with  i^lemeiits  whieh  like  oxy^n,  bro- 
■■De,  and  chlorine,  are  mure  elcctruucgntivi;  than  sulphur  itself, 
Qc  most  stalite  rariety  is  tliat  obtained  by  treating  flowers  of 
iriphnrfint  •ritbhij^nlphtdcufeikrbuu,  thi-n  with  alcohol,  nnd  then  a 
Mond  time  witli  the  bisulphide;  it  is  Homcivhat  less,  stable  when 
fBoired  fivim  the  dichloride  of  sulphur  by  decomposing  it  witli 
ntET;  if  tlie  )>recipitato  tliiia  occasioned  be  piirifietl  by  digeatioii 
k  bisalphitle  of  cnriwn,  a  yellow,  or  orangcycllow,  amorphous 
pndcr  is  procured.  If  thin  powder  be  heated  to  571^1  tbcu 
Mfleird  to  cool  very  slowly,  and  submitted  to  2  or  3  successive 
wBimaEioits  at  «  low  temperature,  it  becomes  converted  into  the 
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electronegative  condition,  nnd  it  rciid<.-rc<)  cotirvly  i>oIa1)le  in 
pliitli.'  uf  carlNiu.     The  electi'opoAitire  varietv  may  al»o  he  sla 
converted   into  tlie  elcctroucgatiTc  form  by  contact  willi 
ek'Otro|K»iiti\'c  iiiilistatioi.'»,  a:*  by  digct>tioii  fur  Home  days  m  ai 
tioii  of  liquid  Binmonia,  iu  one  of  snlpbidc  of  iodiiim,  or  in 
bisulphite  of  potii»1i,  ill  nliieb  ciue  ii  portion  of  the  sulphur  1 
difisolvcd,  and  the  remainder  is  rendered  eolublc  ia  bi&ulpbidi 
earlwn.     Ek-ctroposilivc  nuljibiir  i*  dcpos^ited  at  the  negative  i 
trodc  of  the  battery  during  the  electrolysis  of  sulphurous  or  i 
pburic  ucid.    Ot}ier  modillcntionKof  the  iu»olubie  fornt  of  *n1])]it) 
which  paAs   with  greater   facility  thau  the  foregoing  one  into 
soluble  rarivty  [for  example,  by  C);]K)»urc  to  311°  for  some  boa 
may  be  obtained  by  deoompoaing  the  oxidised  compounds  of 
pbur,  such  as  the  hyposulphites,  by  nciiU.     The  btnbck  sulphur 
Magnus  is  also  insoluble  in  bisulphide  of  carbon. 

All  the  varieties  of  sulphur  iire  soluble  to  a  smidl  extent 
boiling  anhydrous  alonhol,  the  elfotropositive  varieties  becomji 
modified  ns  they  arc  dissolved :  the  Iiot  solution  as  it  eools  dc 
minute    traiiH{iareiit     prismatic    ery-itals    of   the    eleetrone 
vsricty.     Chloroform  and  ether  dissolve  sulphur  less  freely 
alcohol. 

When  sulphur  is  distilled  in  small  quantities,  and  received 
vessels  in  nhicli  the  tcmpcriiture  is  not  eoiiKidcrably  teduccdji 
sulphur  is  condensed  iu  red  drops,  nbich  remain  liquid  for  ml 
hmirs.     Sulphur  is  lUso  ffx^uently  lil>erated  in  the  ductile  fa 
&om  the  native  sulphides  of  the  metals  during  their  solutioo^ 
ai/ua  regiii,  and  from  the  liyjxjsulphitcs  when  decoiniiooed  by 
<:cntrated  hydrochloric  acid.     When  nitric  acid  is  used,  the  sal] 
is  sepunited  iu  solid  floecuH. 

(343)     COUPOFNUS     OF     SULPUl-K     WITU     OXYCEM. Su]|^ 

forms  numerous  compounds  with  oxygen :  two  of  them  (snlpliurod 
acid  Bud  sulphuric  acid]  have  been  long  known  and  empk^ 
on  a  large  scale  in  the  arts;  tlie  others  arc  less  im[)ortaiit,  ai 
of  comparatively  recent  discovery.  These  actds  of  sulphur 
interesting,  iiia^^much  as  they  exhibit  a  combining  ratio  ditl'erai 
from  any  which  wc  have  as  yet  considered,  and  they  show  ih 
application  of  llic  law  of  multiple  proportions  to  the  ease  of  ih 
aulpbur,  as  well  as  10  that  of  the  oxygen  which  they  contain. 

Tlte  following  table  exhibits   the   composition  of  the  vnrioB 
combinations  of  sulphur  with  oxygen,  the  existence  of  nbich  ia 
present  known : — 


lou'inriovs  acid. 
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!■  losplfU. 
■•Ipbv.       Otstmt. 


ia  Wild 
(■Mid 


50, 

so! 

s;o. 

so 

S.O. 


33 

flo-oo 

48 

6666 

7; 

**'*5 

S8 

66U 

let 

ioroo 

3334 
S5'»5 
45"4S 
jS-47 
3334 


6i»  but  cDumcratcd   luive  never  bccu  protnucd  in  the 

form. 

iUcuminc  first  tlic  sulpburous  acid,  th«n  the  aulphurio 
will  pas*  -li);!!!!)- over  the  uthtrr  itci(U,  tlie  coni|>otiiiiU  of 
b  the  etceptian  of  tome  of  tlic  salts  of  bypoGiil[iliurQua 

n  jrct  rrveiv«d  ao  pnwtical  applicatioiu. 
SrLrimiors  Acin.  or  Sulfihuroua  Anhydride  (SO^)j,  or 
)i  Comb.P'oi., 2;  Sp.Gr.o/ na»,r  147;  tff Liquid,  r^S.gat 
finff  PI.,  —105°;  IhUittff  PI.,  1 7-6*'  Pierre.  14°  FarwUy.— 
urna  m  uxy^cii  witli  a  lilnc-colournl  flnine,  miii  protinccA  a 

|tu  ;  iiflcr  tlic  comliiuttiDii  has  tcnDioated,  and  the  |;as 
sUuwcd  to  rcgaiti  its  urtgiiiul   tcm|>eroture,  thv  bulk  of 

I  giruduct^  ia  fouud  to  be  the  ftame  as  before  the  expcri- 

U)u  dcitxilf  of  the  ga*  i»  doubled.     This  cx])cninviit 

I  ca»y  giruof  of  the  compositiou  of  the  acid ;  for  it  ia  thiis 
iiiua]  weights  of  tiiil[ihur  Mid  of  oxygen.     Sul- 

ui  _  Lhe  wlc  product  if  ihc  oxygen  be  dry. 

HneitioD  of  sidphuroiu  neid  may  be  represented  in  the 

Ut  mt^U.  Hj  TolmiL  B|i.  tr. 

Wk  g     ^    Id   or    go        j    or    I'O    =     ['1036 

■         O,    =    16  go        3  1-0    =     riosii 

"""   J  SO,  =   3J         100        a  tt>   =    raiia 

Mm. — ^Tbia  gas  has  a  pungent  sufibcsting  odour,  like 
•ulpliur,  nmJ  iu  it  Miiici^iitcatcd  form  it  ts  quite 
^'u-.i.  if  bn-athcd  in  a  diluted  form  it  produces  the 
Hordiiiary  catarrh.  It  is  iiut  iiiflnmniEible,  but  quickly 
Htbii  (tumt:  of  burnin;;  bodies.  Sul|ihurous  acid  ia 
Hill  iralsr,  tthieb,  atx^ordiug  to  Bunseu,  take*  up,  at 
Hea  itii  bulk  of  the  gas  ;  43-5  Hmca  its  bulk  at  59° ; 
V-  the  liqiiiil  hat  a  tmiv  and  »inell  similnr  tu  that 
^pio  MiluLiuu  gradually  absorbs  oxygen  from  the  air, 
Hcouvcrtt-d  iiiU)  Rulphurie  acid.  A  crystalline  bydraU' 
^^Hd  (SO,  +■  15  no  :  t<>rtioenfcld)  may  aUo  Ijc  obuiiied 
HiRtHro ;  at  40''  tliin  hydmti;  uicltJi  and  is  deoomposed. 
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-SODB    or    fKEFAKlTlOX. 


Owing  to  tbo  solnbilit;  of  Bulphurouii  odd  to  wntcr,  the 
alwaftt  t«  oolloctcii  dtlicr  over  mercury,  or  in  dry  Iwtllca  ' 
jilacemcnt :  firom  the  higli  density  of  the  gas  (double  tlifttor< 
tbe  latter  metbod  i*  cuily  applied. 

Preparation. — i.  Wbeo  retiuirvd  in  apurcstat«,>ulpbi 
ia  alwayx  prepared  by  di:priviug  oil  of  ritriol  of  put  of  ite 
In  order  to  effect  tbia,  tvo  or  three  ounces  of  Bulpliurie 
coucvntnttcd   form  nuiy  be  boiled  In  a  glus  retort  npou 
ouuce  of  copper  clippiiig*  or  of  mercury.      Port  of  tbe  nridl 
up  I  utom  of  its  oxygen  to  cacb  atom  of  the  motal^ 
thna  produced  conibiuca  with  an  atom  of    tlia    uitdocoe 
scid,   whilst    an    atom  of  eulpburouH  nnbydridc  is  act 
eacb  atom  of  the  sulpliale  formed.     Tlie  reaction  in  tbe 
copper  may  be  mcu  in  tbe  following  equation ;  Cu  + 1  (HO,  I 
CuO,  SOj  +  SO,  +  i  HO.     The  gas  must  be  ws^Wd  by 
it  to  bubble  ii)i  through  a  bottle  eontainiug  a  siuall  qi 
water,  which  retains  sulphuric  acid  and  any  iiopuritiro  wl 
be  aiucluuiically  kUJtpcndi-d  in  the  gas.* 

2. — Sulphuric  acid  may  be  more  eoomnically 
1^  menus  of  cluircoal  or  dry  savr-dust,  bat  the  gea  in  tlutj 
accompanied  by  one  half  its  vohmie  of  caitxtnic  acid  ;  C  W 
SOjJ  =  i  SO,  +  CO,  +  2  HO,  For  most  purjKwc*,  howcvcr.su 
prciMuratiou  of  the  alkaline  aiilpliites,  the  presence  of  aah 
unimportaut.  In  cases  where  carbonic  acid  ts  objectioaabl^l 
may  i>e  advantageously  Kulinliiutol  for  chareual  in  tbe 
operation,  using  i  part  of  sulphur  and  1 3  of  oil  of  ritriol,  i 
lion  of  a  pure  gas  inking  place  Htcadily  and  with  great  ut 

3. — Sulphurous  acid  may  also  be  procunxl  rvadily  byJ 
a  6ask  an  iulimate  miaturc  of  4  paita  of  Hovers  of 
5  of  finely  powdered  peroxide  of  roaugani-sc,  sulpht 
sulphido  of  maiigftncw  being  produced  ;  2  S  +  Mn()jS 
A  result  aomcwUat  aimilar  is  ubtuiucd  by  Kialing  a 
parts  of  black  onide  of  cupper  with  1  put  uf  sulphur ; 
becoming  Cu,S  +  SO,. 

Sulphurous   acid  is  ctniltcd   abiindnutir  IVon  tho 
tolcKiiocs,  and  it  ia  occnaioually  met  wiib  iu  aulotiou  in  thej 
0(  Tohnmic  diatncts. 

Sulphurous  nubydride,  by  transmission  througfa  a 
rounded  liy  a  mixture  nt  ior  and  w''  '"■■  '—  '— — '» 
culourina,   tmuiparunt,  limpii)  liquid, 


A'tft^injT  '■»  M»'i 
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_    -iQjf,  forming  a  traiKparmt,  colourien,  crjr*taUitte 

■ti^F  than  titi;  li()iiiil ;  in  cIum*!  lubes,  at  60°  it  ciorts  R 

I  of  a'54  «tmos|iher\;s.  Fig.  z8o  sliows  s  method  of  lique* 
Fitt-  i«o. 


Fia.  18 1  ■ 


Jnnl^  nnliTtlridc,     Tbe  gu  i*  gc^nernted  in  tJic  Rfuk,  a, 
ilriitl  I15  tiicaiia  of  cotifioatratcd  Bnl]tb<iric  acid  [ilaced 
[hottlr,  i>,  Ireii^niittctl  througli  tlie   i)en'tcr  worm,  c,  whicli 
hy  a  frwziiiK  mixture  of  ice  and  wU,  and  collected 
arttr,  P,  which   i»  aliH)  oo(>l(t1   by   a  freezing   mixture ; 
gfinl  cnmfHHiiid  is  stored  np  for  tnc  in  small  titbe§,  one  of 
«fii  at  z,  fig,  aHi :  tlic  tii'ie  iiaviiif;  Iwcn  placed  in  tlw) 
ttarc,  the  acid   is   jiourcd  iuto  it  through  a  sioall  t'ibc 
Ifuii  ilie  liqiuil  I*  prcMTKd  by  drawing  off  ami  Healing  tbe 
■■.ton   in   the  flame  of  the  blowpipe,  vrhilft 
:  J     ii»  in  tlic  freezing  mixture, 

-jinlphurona  urid  pomesMS  coTisidcmblo  bleaching  potter^, 
■%i\pi\  in  Wraching  straw  mid  wool.  Tlie 
1  are  moistened,  and  suspended  in  clowd 
in  whiub  Kulpliiir  is  hunted  in  an  opea  ditih;  the  auU 
lacitl  is  abxfrhnl  hy  the  damp  goods,  and  their  colour  is 
The  gM  a|ip<-ars  to  act  by  fanning  colotirleM  com- 
I  witli  ccYtain  colouring  matters.  It  does  not,  like  diloriue, 
'  'ug  matt^-r  1  for  the  fulplmroiu  aoiit  may 
>  ktrotiger  acid,  or  it  tna^y  be  Dcutralizcl  'ly 
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aw  alkali,  aud  tlie  colour  will  be  restored  :  the  reprwluetion  of 
yellow  colour  in  new  flannel,  when  it   is  washed  with  aa  alk: 
»oap  for  the  first  timv,  ntlordi  a  practical  ill  lut  rat  ion  of  Uie  eflfeet 
au  alUiili  iipuii  goods  nhicli  liavc  been  bleached  by  siilphuroos 
Siil^iliuLxius  acid  is  aUu  highly  valuable  aa  a  diaiufci^itig  agmt.   Tt 
H  powcrfiil  uiitiM^plic.    Me»t  which  liaa  been  expostcd  to  the 
of  the  ga^,  and  tbciDscnlcd  up  in  mcUillic  eanisUrrs  filled  nith  tii 
gcii  to  whieU  a  little  dcutoiidc  of  nitrogcu  has  been  added  to  re 
the  last  traces  of  oxygon,  may  he  prest-rTtd  frrah  fur  years. 

It  i»,  however,  principally  as  a  preliminary  step  in  the  m. 
facture  of  oil  of  vitriol  that  oulphurous  acid  is  madcnpon  the  I 
scale,  nnrl  in  ihin  case  it  is  always  obtained  by  burning  sulphur, 
a  metallic  sulphide,  in  air. 

Sntphile^. — Sulphurous  aoid  is  a  weak  acid,  and  prcscnU 
tddtrahle  analog  to  carbonic  acid  in  its  mode  of  combining 
basea;  according  to  MusprattN  ol>serv8tiou,  thu  Nulphitcs  and 
carbonates  are  in  many  cases  isomorphoua.  WiUk  the  alkalies 
forma  two  kiiid»  of  ealta,  one  of  which,  like  the  ordinary  sulpl 
of  Ktdu  (NaO,  Si\  +  7  Aq],  containa  i  equivalent  of  the  add  to  i 
alkali,  while  the  other  cla«t,  reprownted  by  the  ncid  sulphite 
potu^h  (KO,  1 10,  2  S0„]  contains  2  cquivalenta  of  ncid  to  I 
water  and  i  of  alkali.'*'  The  Kiilpliitc»  of  tlie  alkalies  arc  the  mij 
oncit  which  are  freely  soluble  in  water ;  but  those  of  buyts 
sirontia,  and  lime  arc  di^itolved  to  some  extent  by  an  aqaeoa 
sululiun  of  sulphurous  acid.  Many  of  (he  »nlpliit<^  are  d<;a»ili 
potted  by  a  strung  heat,  the  acid  being  giadualh-  cxiwlied.  Tbq 
arc  al»u  decom|)osed  by  sulphuric  or  by  hydroc^hluric  acid,  will 
extncation  of  sulphurous  acid,  which  i»  known  by  its  jwculiar  as 
pungent  odour.  The  beat  tot  Air  detecting  Mnnll  ttaocs  ol 
fulphite^  consists  in  the  addition  of  a  fragment  of  zinc  and  a  drop 
or  tiro  of  hydrochloric  acid  tu  the  solution  ;  the  sidpburou«  acii 
i*  deoxidised,  the  snlphitr  combines  with  hydrogen,  and  sulpha 
retted  hydrogen  is  given  off;  the  gas  la«t  named  may  be  detect^ 
by  suspending  a  piece  of  pa]>cr  moiiitened  with  a  Milution  of  acetxl 
of  lead,  in  the  uppttr  part  of  the  vemel,  which  should  be  vluecd  b 
a  ghiKt  plate.  Salts  of  silver  in  solution  give  a  white  precipitot 
with  solutions  of  the  soluble  sulphites;  the  precipitate  is  auiiihl 
iu  excess  of  the  sulphite,  and  i»  partially  reduced  to  metallic  siln 
when  the  liquid  is  boiled:  a  characteristic  reaction  is  the  formft 
tiou  with  chloride  of  hiirium   of  n  white  precipitate  of  sulpltiio 


'  Ifit  bo  oncriifd  that  Biilpiiumus  ectd  it  dibaaiv.  tuIjiUile  of  ikmIb  '  . 
h«  rqjTOTirnloit  liv  ihe  fnvTnuU,  i  KsO,  8,0.  +  14  Aa.  aad  the  add  Bulpfc 
flfpo»AbyKO,IlO,ijj,U,.  ^   ,  -, 
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'   '  'l*  ill   liydroclilorio   iiH»),  tiut  gifcs  a  white 
,     I      of  hnrj-ln  tni  tlie  Ril^lition  of  a  iH>lntioii  of 
e,  of  iodine,  or  of  blMchitig  powder.     Tbe  stilpIiitM,  when 
|aliM>rb   o»ygt^ii  rr<im   tliii  nir;   nnd  wiuti<«i«  tif  tlii>««  ^U^ 
(tfctil    xa  droxidizing  iig«iits  :    for  example,  tlic  salw  of  I 
iimiilc  »f  iron  are  nxliieed  liy  ttiein  tn  mllx  of  the  protoxi<1c. 
I    ■  Jluriuui,  are  prpri[iilaled  bjrtbetn  frnm  their 
inc  livid  ill    Ihi^    n:duccd  or  metallic  form, 
laciil  n  redwcNl  to  arseiiious  a,dd,  and  chromic  add  to  ■ 
liiim. 

ire  readily  formed   hf  transmittiiif;  a  stream  of 
nu  tc'td  tUrough  water  in  which  the  oxide  or  the  cariioDBtc 
ili.tsulrett   or  inia|)ended,  the  carbonates  being  do* 
ctfcrvc6C«nce. 

pjihiiroita  Acid  ia  by  some  chemists  regarded  as  the  starting 
lal   rombiuAtious  belonging  to    the  sulphur  scries. 
i.itig  iiiiii.'L  iinporlniiccto  the  probnbilily  of  this  view, 
tbe  followiug  table,  which  exhibits  the  supposed  relation 
I  of  tlic  tnore  inijiortMit  of  theve  compound*  to  sulphuroua 


pfauroiu  add,  SO^ 

Imric  add,  S0,,0,  o\idc  ofsulphnrous  ftcid, 

•ulphuric  odd,  $0|C'l,  chloride  of  ditto. 
■uljdiuric  acid,     SO^I,     iodide  of  ditto. 
filnDsuIjiliurK;  acid,    SO.XO^ 
S/pD«al{>hurum  arid,  S()j,S,  sulphide  of  ditto. 

pSm.«H'Rtc   Atin  (HO,  80^=9+40). — ^niis  substance, 

liydriiteil  form  constitutes  one  of  the  tno«t  importnnt 

chemical  itianuractute,  is  made  ineiiarmous  i|naiitilii:«. 

'Sritaui    alone  upwards  of    100,000  tons  nre  anmiully 

Tlie  aci*!  i»  oixiaiiionally  met  with  in  thermal  spnii;.'H, 

with  tinM.'fl,    When  iiuitcd  with  lime,  baryta,  nmgncsia, 

^Dtlirr  osidi:'*,  it  funiis  on  Klmudaut  ooustitueiit  nf  the 

nu-th. 

1. — When  sulphur  it  boiled   in  ai/ua  rrgia,   or  in 

nitric  arid,  it  is  gradnally  oxittiKcd    and  converted 

ai-id  ;  liwt  this  metliod  in  never  employed,  rxcrpling 

rnital  pnrpoM-s  in  the  Inboratory.     On  the  larj^c  scale 

by   a   |iroi3CMi   fir«i   cmpluyrd   by  Kocbuol;,  alioat  tbo 

anon  wliitib   penud  the  moile  of  conducting  it  ba«J 

til  iiad    imi>roTrmeuts,  though 

same. 
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Tbe  cliattges  wliicli  occur  iii  tlie  proceaa  are  rcmnrli 
instructive.  It  hu  been  iLlrc.-n<ly  mcntioticd,  that  wlicu 
n  burued  tu  air  or  in  oxygen,  tlic  product  it  Kulpliurow!  acn 
gas,  if  miide  to  combinv  viitli  half  lut  much  o\}-gca 
Already  coutaius,  is  converted  into  sulphuric  acid.  Direot^ 
however,  canuot  be  produced  betwcta  the  tuo  giMCs ; 
reiitiou  of  «omc  tliird  aubstauce  becomes  ueceM&ry  ;  aod 
be  presented  to  tbera,  a  very  {gradual  combinatiuii 
pure  and  dry  onygen,  inixod  with  twice  its  built  of  sulj 
add,  be  tiaosmittcd  over  spoot;y  platinum  (6j)  licntcd  inj 
tlw  two  gaim  combine,  and  auhydrous  sulphuric  acid  (fl 
produced.  Wiihier  has  also  observed,  that  the  t^ 
rapidly  irlmi  transmitted  tlirough  a  tube  beatvd  t'  < 
ncsfl,  and  containing  a  mixture  of  oxide  of  copper  and  : 
of  clirouiiuni,  obtained  by  prcciiutalion. 

Tbe  foliuning  tabic  represents  the  conipositioa   ol 
add:— 


Sulphnr 

Wat«r 

Salpbnrie 
■Old 


8  =  t6  or  40 
O,  =  34     60 


80, 


40     too 


IIO,SO,=  49      tool 


If  moist  sulphurous  acid  mixed  with  oxy^ea  be 
deutoxiilc  of  nitrogen,  or    to  any  other  of  the  h-.  ' 
nitrogen,  this  conibinalioii  may  be  cirecK'd  with  grcui 
furlliCTj  a  Kmidl  proportion  of  the  deutoxidc  of  uitnjgca  vil 
to  eflect  the  conibiiialiou  of  au  almost  indefinite  amouuti 
rous  acid  and  oiygeu,  if  water  be  also  present.      1'|k>u  ll 
the  process  employed   iu   tbe   manufacture  of  sulphuricj 
fuLiiuled.     The  reaction  is  easily  watched  upon  tbe 
the  following  means: — Into  a  large  tbree-ncckcd 
283,  filled   with   Btmoepliche  air,  and  slightly   moil 
interior,   sul[>liurous   acid   from  the   nrt4)rt,    d,   and 
nitrogen  from   the  bottle,  c,  arc  oiadc  to  ]ttss; 
pcroxi<lo  of  nitrogen  are  immediately  formed  by  the  coq 
tlie   dcutoxide  with    atmosplieric  o\yf;cn,  and  in 
the  inner  surface  of  the  recL-ivcr  bccuuie»  coated  with  a  ilj 
tolline  deposit  iulo    the  com|H>sitiou  of  wbicb    sulf 
peroxide  of  nitrogen,  and  wutcr  enter.     As  soon  --  •'•♦1 
mns»  ts  treated  with  wntcr,  it  is  decontjiosed  ' 
ccnoe;   NOj+aSO.  ro-liO  yielding  Nl\ta  U 

1  atom  of  dcutoxide  of  nitrognj   vf-- 

jJiuric  tiad  reuiatii  ia  solutii^u:  thi 


''lOvirrAcrvHE  or  bclpbpuic  acid. 
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1    nttim*  of  oxvffcn    from    the   nir,  in  nvoii. 
Dxiilv  of  uitrogcu ;  UiU  oombiues  agaiu   willi  two 

Fto.  383. 


T 


A 


nm*   of  sulptiiirouB  acid    in  tlie    j)rc««»ce   of  n  amall 
■t;  fn-i-li  crj-sinK  nrt^  formci),  and  tlicsc  in  their 
-'iipo»£il   by  solution,  u    before,     lliv  deutoxidc  of 
_i>  tbiu  again   liberated,  and  may  go  tbrough  tbe  samo 
■     1118  and   i]ccom|K»itioiiJi,  till  llie  wlioli- of  tlie 
('!!•  belli  ooHKUincd  :  the  oxide  of  nitrogen  thus 
irt  of  a  carrier  of  ox^^en  to  tbv  )>ul(itiuroiiti  ncUl.     In 
'  <n]]diiirieiieid  on  the  large  &ralc,  the  fonuAtion 
inly  and  iu  divlruclioiiiirt'  Mnniluinooiis,  if  the 
1)0  (iropcrlf  condncti-d,*  eo  that  no  deposition  of  crystals 
I  occtir*. 


«r  Uiii  c77*t«llnie  body  li*s  Vcn  the  ohjVrt  of 

ir.i  ('KpftrimenUl  inquirion.    H.  Uom- »tnlcii  ihst 

ii(  &jlro>;<>n   into  n  rIbm  tomi'I.  fn<m  wliieh 

.  llic  inttrrinr  of  irhirli  ii  ininilcDt'il  vitli  &u)iy- 

11  »tiit«,  linri).uiM)rj>)iousH;ti«liiDL'fii<r[.<riii«J  :iuid 

\*  itiF-  Mwiitiul  coQdlituMit  in  the  itvhi.iU  abovA 

I  ix'nitnri-.  nuil  m>j  be  auMimcil  irithoiit 

■!•  coiiiiKltml  to  koTc  tbr  conipokilioii 

.<  ii  I  lint  diirini;  tlic  ronnalion  ortliit  c<itnpciitu<l 

llii'  tiror«rii»ii  of  I  itom  for  each  otoia  of 

..  t  .1.       ....  .1..^  ".•n  pound  tt>  liavo  n  cMo- 

I,,  1  SO,.   WaliT  n»mo- 
r,  —■■ ■ ;^ia,  wddM  Ibtr  oulpUtme 


MASVrACTVRi  Of  SOLPnt 

(^,;)  In  the  maRufactiire  of  siilpliari^  ~  t)1^1;'trrt!;<| 

ftgcotvil  by  bumiug  citlicr  sulphiir,  or  ii.  i-..  - 

vuiiMl  beii^  tnwle  for  au  abuudaiil  BU]i|'ty  ft  it(iii<< 

tW  baming  material.     Tlic  gfiicrul  arrui      ii'^  ....u^jLt^^j 

iii£u:turti  are  «liowu  ill  fig.  jKj.     a,  iitt  funu 

Fio.  383. 


-H' 


«Uetl  Um  wilphiir  is  iHirnod :  in  Ibe  currrnt  of  licated  ({at  { 
Mi.  1^  to  Miii]x-n<)nl,  which   bw  been  prcvionsly  cliaripsdl 
Vkixlurv  i^r  nitrate  uf  Kxk   and  oil  of  vitnol.     Vn{ii)iir« 
tui/Ji  tkW  itiiiM  IiWmtoil ;  tlioy   [aum  on   with   tlio  enlttlmru^ 
^  Mitntvlo  lliws,   into  tniincUBe  ctiambcrs,  r,  r,  cot 
•feiM  Ifwl-  *>"*'  Hiipportcd  hy  n  *lrong  timber  fraiDCworle. 
vliMHWr*  arf  oHcn  13  or  15  feet  hi^h,  15  or  :o  kiiIc,  m 
y^  lt<  jtco  (trt  in  Inngtl) ;  they  are  sometimes  partiilly  iitt 
'  V'tc  tnuisvcrtelendenpartitioiis,  iiiteriMiMol  ill  tlial 

.1  ciioiv,  with   a    view  of  cHbcting  their  more! 
^  \Vntcr  to  the  depth  of  2  or  3  iiiclics  i§  pli 

^  11."  '  "  '"hsmber,  rf,  rf,  to  condense  tlie  acid  ;  mid  rt 

unioNpUeric  oxygen,  lulphuroiu  acid,  andi 


^^^,1  IflliranliyJpcmtiTnlklft 

jLfttk  ^^i4*>*  il>>  Ml   lu  nil    ["      ' 

I  i.lly  •b»>irl)«tl«uloxHleorDimi«0a,aBdf<*rma*l 

C  ii. 

'^  -I, ...I,  ,1...  „.-:„...  ...k., 
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^ftnigco  i*  furtliiT  raeililatul  by  tlie  injection  of  stt^m  at  a ; 
Kn  of  uboul  ic  lb,  upon  tht-  iuch  by  mcana  of  jeta  e,  e,  c, 
ffSrd  Trotn  the  boiler,  r.  Tbe  nitric  ndd  cxtncatod  from  tbe 
onivs  dcoxidued  by  tbe  siilpbitroo-t  acid  to  the 
'  of  nitrogen,  and  Itien  tbe  cli<ingcs  alrcudy 
MmI  oat  npidljr  eucoeed  each  other,  and  sulphuric  acid  is 

tiu  largi^  iguiuilit}'. 
t  pmperl;  mauagcd  chamber,  tbe  pises  which  pass  ofT  hj 
Stte,  c  coiuiit  only  of  Dilrogcn  nnd  dcutoxidc  of  nitrogen, 
Wb  '  1     ul  oxygen  being  supplied   in  quaiititifft  jniit 

^m.  I  mutitid  condensation,  frcsli  atmu»pliuric  air 

■TutK;  at  tlic  otber  end  aloni;  with  tbe  sulpburous  ncid. 
''       f  iiMoc  lisk  taken  adraotogc  of  the  solubility  of  dcutoxido 
u  in  oil  of  vitriol,  to  econoniine  the  cun-iiniiptioM  of  nitre 
lb6  pructoB,  which  upon  the  old   iilan  amounta  to  from  one 
tth   to  one  twelfth  of  tite  weight    of  the   Bnlpbur  cotuiuincd. 
ttw>  eohtrivancc  to  be  mentioned  immcdiulely,  tbe  quanlity  of 
fly  rciquinte  ha«  bceti  reduced  by  one  balf,  or  even  by 
"nic  improvement  coDsiBt«  in   conducting  the  spent 
a  Icatb-n  toirer  riDeil  with  fragments  of  coke,  Uirongh 
■trcam  of  coitecntrated  sulpbuiicaeid  is  continually  trick' 
[The  acid  thmt  liccomcM  cbarge<l  with  tbe  nitrous  vaponn, 
oiT  at  tbe  bottom  of  the  tower  to  a  rcscrroir  from  which 
ziii*rd  by  a  forcing  ptimp  to  the  top  of  a  second  similar 
kt  tbe  (Mitranco  of  the  ctiambcr,  where  it  ia  deprived  of  the 
^lupoimd*  by  the  iiulphiirou«  acid  gas  as  it  cntcrv  from 
This  plan  baa  not  as  yet  come  into  gcucral  uw  ia 

Ipbtiric  acid  which  ooltccu  at  the  bottom  of  the  cham* 

lixt  dilntc  a  condition  for  »aic :  it  is  not  found  advnn- 

tu  allow  it  to  attain  a  greater  degree  of  couceiitration  than 

chAmberc,  Hince  beyond  tliia  it  liocumcs  liable  to  ab«orb 

ia  the  nitrons  fumes.*      When  it  baa  reached  a  apcciflc 

of  ttbi>Dt  I '60,  it  iH  RuRiciently  strong  for  the  miuinractorc 

but  it  rtxjnirca  concentration  for  other  pturposca  :   with 

'iTu  off  and  evaporated  in  shallow  li'nden  poui 

, I  a  dennity  of  1720;  beyond  tliis  point  the  con* 

m  cauuiit  be  carried  in  these  vessels,  because  Uic  tempera- 

L-.likiiger  the  meltin)i;  of  the  leaden  pint  and 

_ji|.   Thin  acid  of  ep.gr.  1*720  forms  the  ArivurM 


'  (11,  Itr.  I  '6a  iloes  ool  tuusUy  coDtuD  nior«  than  o'6  pgr 
^Mr.  MUtujraJ. 
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acid  of  TOmmerce  ;  it  ia  esteiisivply  fimplo^rcd  in  the  mannfactn 
t>u|)cT{i)iu^)iliBte  of  lime  for  mantircs  (l4jj),  "ntl  for  otlivr 
pur])0»!».     Wlien  required  in  a  atiU  more  concentrated  form, 
bron-n  acid  is  tran!«f<.-rTvd  into  ginss  retorts,  or,  ii«  is  now  pro 
in  many  works  witli  (treat  odviintagd,  into  jilatiuiini  stills;  in  th 
it  is  again  further  heated  until  white  fumes  of  oil  of  vitriol 
over,      lieyoud  tliiit  [toint   it   is  UM-Iess  to  carry  the  o|>eration,) 
the  couccntrnted  acid  distUs   over.      Indeed    during   the  «1iq 
operation  some  acid  pa«)icx  over  with  the  wster,  which  it  the 
preserved,  and  returned  to  the  leaden  chamber. 

The  a<'iii  that  rcmiiin;i  in  the  relort  nflcr  it  has  been 
boiled  down,  is  the  couccntrated  ni  qf  vilriol  of  commerce ; ' 
a  definite  hydrate  of  sulphuric  acid,  containing  i  atom  of  add 
1  of  water  (IIO,  SO,).* 

The  fullowing  tabic  g\\t!»  the  proportion  of  sulpbimc  suaA\ 
tained  in  sotutioua  of  the  densities  therein  mentioned  : — f 

Slrenfft/t  0/  Sulphuric  Acid  of  Different  DtrMttifH  at  fio"  F. 
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5> 
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8a 
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So 
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46 
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78 
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44 
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4J 
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10405 
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(.146)  Protohjdralr  of  Sulpknric  Acid. — ^Thc  oil  of  vitriol  ( 

''commerce  forms  a  dense,  oily  looking,  coloiirlei's  tiijuid,  withoi 

smell,  and  of  specific  gravity    i-S^z.      It  is  intensely  caustic,  an 

diars  almost  all  oi^antc  substances,  from  its  powerful  affinity  fil 


*  Witrigane  (Ann.  if«  Cii-iie,  Ill.ixiix.  i69>  find*  that  it  nlwsTd  conltil 
a  Klifht  «'ic(-M  of  icnl«T  boTonH  tlie  atomic  proportion :  inftrad  of  19-36 
eeat.  of  valfr,  he  atnaj*  ohtaincd  19-63 ;  and  «  nmilar  olmcrvntion  waa 

t  Bincoii  liM  Dii>iv  receully  mode  n  carerul  il«l«rmiiialion  of  the  iri 
■alphanc  acid  of  different  denaities  {.inn.  tie  CAimie,  ill.  uir.  34 


'trcnsl 
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Witli  wmter  it  iiii.ie!)  comi»Iclely  in  nil  projiorlions,  and. 
1^',  nhfin  colli,  ucL'U[)ii3s  lc«s  bulk  than  the  tvu  liqniili 
dm  »c|niFBte.     Great  tieut  in  gii'in  out  at  tli«  moment  the 
b    tnaile ;    tin;  dilution   should  tWrcrorc  he  pcrrormed 
Jly,  always  iMuiring  tlie  arid  into  the  wnter,  not  tin*  water 
'  bcm).     So  povcrful  ts  the  attraction  of  tbc  acii)  for  moi»> 
"  '  he  pxjKwd    in   a   "hallow  dish  to  the  air  for  a  few 
utly  doubles  its  weight  hy  alisorhiug  aqueous  vapour 
Jtfae  air.     In  the  labontory,  lulvantagi-  !s  frequently  taken  of| 
rpnijwrtT,  which  cni^lea   it   to  be  employed  in  a  variety  of] 
!«•  a  di»ic«nting  agent  (A3  ami  171^].     The  arid  of  eomnierra '^ 
tn  of  H  dark  brown  colour,  occasioned  by  iti  ebsning  action  on 
uta  of  or^nio  innlUT,  meU  m  Htraw  or  woo<I,  which  have 
itsUy  fallen  into  it.     Sulphuric  acid  does  not  eva(»orate  at' 
lioary  trmprrahirc  of  the  air.      If  n  drop  of  the  diluted  acid 
_)iiit   a   cloth,  the  water  gradually  evaponitea  until  the  acid 

rtn  Ifd   behind    acquires   a   certain   dc^e    of   concentm- 
On  approaching  a  Hre  or  other  source  of  heat,  a  further 
r  the  water  is  vxpollod,  and  the  acid  becomes  more  con- 
till    it  chara  or  dntroya   the  cohesion  of  the  fibres; 
■  caue«  of  the  destructive  action  of  sulphuric  acid  upoa 
n  whcii  very  much  diluted. 

,iiac  finds  that  the  tnic  protohydrate  of  sulphuric  acid 

■t-d  emits  a  amall  qiuintity  of  the  vapour  of  the  anhydrous 

(he  remaining  liquid  boiU  at  640^  F.    Bineau  slates  that 

the  boiling  point  of  the  acid  the  vapour  hax  a  sp.  gr. 

ii  Mould   represent  2  voluinea  of  the  anhydride  and 

•'k  ntifaui  (I  cquivulcnt  of  each)  condensed  into  the  space 

iif»,  but  it  nontinuea  to  expand  by  heat  until  at  8t{o°  an 

r  of  thr  hydrate  occupies  the  space  of  4  volumes,  which 

'—  the  dcnuity  of  tlte  vajKiur  to  r693.     Alter  the  arid 

n,  it  nicU«  at  51",  but  it  may  bo  cooled  much  below* 

ijHint  without  solidifying.     On  dropping  into  the  cooled  ari<l  a 


cIin  Mir-t  tint  sliftlUlv  rrod)  tlioM  uf  Vn,  ai  msy  be  teea  Cnm  tlia , 


loe 


•»«*««          no,  B0,la 
*'•'••)'■           ICO  pute. 

»9»ffo       iio.eo,hi 

•■•""J.            1    too  |HJft, 
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crjKtal  of  the  acid  provionsljr  froten,  congelation  tmracdiatrljr  «■ 

«iu)  the  temperature  rises  to  51°.     Tlie  con<;CDtxtiic<l  ncid  qTJ 

mcrct!  doea  uot  usually  freei<e  till  it  has  been  cooled  to  aluitil'^ 

but  it  docH  not  bccomv  liquid  till  tiic  tcmpcrittitrc  readies  J3^J 

SetOHd  HtjdraU  of  Suiphuric  Acid  (HO,  S0,+  HO).— Uj 

be  added  to  sulphuric  acidj  uutil  the  dcusilj*  is  n-duccvl  to  n 

second    hydrate,  which   coiitnius  3   alonts   of  nater,  t*  U 

It  freezes  at  47*^,  and  cryatallixcs  in  splendid  rhotnhic  pi 

tb«  ap.  %r.  of  which  '\»  1  '95 1  ;  from  this  jmiperty  it  is  often  l| 

glaeiat  sulphuric  add.      According  to   Dultou,  it  boiU  ill 

Graham  found  that  tlii»  hydrate  may  he  ohtained  bj  bell 

Boore  diluted  acid  to  400'°  till  it  ceases  to  givu  0?  wau-r.       I 

A  third  hijdratt  (110,  SO,  -f  3  HO)  may,  occordiii);  to  Gil 

be  procured  by  evaporating  a  dilute  acid  tn  ttac»o  al  ail^J 

I  ecaM*s  to  loHC  weight.     Tlic  deunity  of  this  hydrate  ia  vSn 

T  its  boiliug  poiut  is  348°.  j 

NordhoHwn  SvJpkurie  Acid.~-¥oT  the  purpoac  of  dM 

iudign  ill  the  proceM  of  dyeing  Saxouy  blue,  au  acid  of  sttttl 

coHceutrtitiou  than   oil  of  vitriol  is  required.     Such  aa  I 

priiici)ially  prepared  at  tlic  town  of  Nordhatuen,  ia  SHionjrjl 

liciicc  koowu  as   NordAauxn  oil  0/  vitriol,     Tlic  oh)  JH 

Btilphate  of  iroti  was  j/rem  vitriol,  and  tliis  cirouiuslauoeSV 

OOQJunction  with  the  oily  oonsistcuce  of  the  coucctttralcd  acil 

L  rise  to  the  uaue  of  oil  tff  vitriol,  by  which  tlie  »ioiiiili]i| 

P  bck]  i»  still  frequently  known,  and  which  is  oonveniciil  u  j 

guishiiig  it  from  more  diluted  acids.     lu  preparing  it,  •■ 

L  of  iron  is  dried  at  a  nHxIeratv  heat  to  expel  its  water  of  cryM 

}  tion,  aitd   is  then  distilled   lu   earthen  rctorta ;   a  deniei  I 

fuming  liquid  jassoii  over,  of  sp.  gr.  about  i'9,  I 

Sulphuric  Anhydride  (SO^)^ — If  this  funing  ^lonlhaoM 

be  placed  in  a  glu-iH  rotorl,  furnished  with  a  receiTcr  which  j 

cool  by  ice,  aud  a  gentle  heat  be  applied  to  tli«  rtlort,  wbita 

pass  over,  whiob  Milidify  into  a  white,  wlky-looking,  GhnnJ 

This  is  the  compound  of  2  atoms  of  sulpliur  with   (>  of  q 

commonly  calh-d  aithydrota  lulphuric  acid.    The  icmaitulcB 

retort,  atler  all  the  auhydriilc  is  es(>clled,  consists  of  (■fll 

of  vitriol.     Sidphuric  nuhydridc  may  also  be  ubtaineoll 

acid  Bulplutte  of  so<la  (NaO,  HO,  sSOj),  wliidi  mclu  ad 

ml  linvt,  and  L*  dcpriicd  of  its  atom  of  water ;  after  wyril 

tilled  in  an  earthen  retort,  it  yields  white  fumea  of  the^H 

whilst  iiculral  sidplute  of  soda  (NaO,  SOJ  remain*  la  tiM 

The  anhydride  forms  wiT'i    ■  '     .  .^  -  ■--  '  -1  jjg 

tluit  crj'stalliBe*  in  plates  1  .  ^| 
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The  £o>aJlv(l  anhydrous  sulphuric  acid,  however,  poRWMcs  no 
■citl  prD]>ertie«.  It  ii  (ougU,  ductile,  aiul  caii  be  moulded  in  tha 
iogcn,  like  vrta,  without  charriog  the  skiu.  It  fumes  iu  the  air, 
ud  it  very  ddiqu4>3oe»t ;  nheu  thrown  iuto  water  the  hojit  emitte<i 
b  ao  intense  that  it  hisses  hs  a  hot  iron  would  do.  The  solution 
>u  all  Uie  projKirtie*  of  onliiiBry  sulphuric  acid.  The  anliyilride 
>ts  at  63^,  aud  hoiU  at  about  1 10°,  forming  a  colourless  vapour, 
■h  if  passed  through  iguitud  porci-lnin  tubes  is  di-cumiio.-Hrd  into 
ames  of  sulphurous  acid  aud  2  of  oxygen;  2  rohimcs  of 
nr  vapour  und  6  of  oxygeu  being  condensed  in  the  anliydriile 
the  spare  of  4  vtdumes  of  Ta|>otir.  I'he  specific  gras  ity  of  this 
'ripMir  was  (bund  by  ALtselicrlieh  to  be  301,  or  somewhat  higher 
its  calculated  amount,  nhich  id  2764:  for— 
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33  or  40 

48       60 


3  or  0*5 


'lite-  1      ^-*^*    =    ^ 


too 


8p.fr. 

=    riosfl 
=    r65»4 


Aoeardtng  to  Marignac,  Kulphurtc  anhydride  exists  under  tiro 
Budificatioas ;  one  of  which  melts  at  about  6^°,  and  is  produced 
'  I9  distiUation,  or  by  findun  at  a  high  tempcrHture ;  but  when  once 
'  k  has  been  solidified,  it  jiasses  rapidly  iuto  the  otlicr  form,  which 
■dta  near  S12'',  at  which  tcmpcntture  it  is  slowly  volatiiiicd,  and 
kcomeai  reconverted  into  the  fust  variety. 

Sulphuric  anhydride  combines  with  sulphur,  forming  solutious 
liich  have  a  brown,  green,  or  blue  colour,  according  to  the  pro* 
,  lortioD  of  sulphur;  the  blue  compound  containing  the  smalle^^t 
I  pnportiou.  It  hkewi.te  dii«olvc^  iodine,  and  with  oiie-teuth  of  its 
vdght  of  iodine  forms  a  green  crrstalline  compound.  It  also  coni- 
bioea  with  hydrochloric  acid,  aud  forms  a  li<iuid  termed  chlorhy- 
intntpliuric  acid  (DC),  S^O^),  which  boils  at  293". 

We  are  therefore  acquainted  with  the  followiug  delinitc  com- 
i^nda  of  sulphuric  acid    with  water;    starting  with  the  anhy- 
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1  Snlphnrie  uiLydridv  . 
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C^jie*. — ^Tlic  applicntionit  or»ti]phiiric  acid  in  tlic  art*  are  very 
amneroua.      Immense  (quantities  of  it  are  consumed  in  the  mauu- 
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factiirc  of  sulpb&te  of  aoda  aa  a  preliminary  prooen  in  m 
uarlxinnU'  of  soda ;  and   it  is  iu   constant  rcquiHition  toi  tlte 
paratioii   of  oitnc,   livdrochloric,  and   other   Totatile  aoida. 
appliLiitions  in  the  laburatory  are  too  numcrona  to  be  specified.' 

(347)  Impurities  commoH  m  the  Commercial  Acid. — Tlie  oil  «C 
vitriol  of  coniincrec  is  never  pure :  it  always  contains  lead,  derifcA 
from  the  vttHHolH  in  wliicb  it  is  nia<lc.  The  greater  |)art  of  tlA 
sulphate  of  lead  is  precipitated  as  a  white  powder  vhen  the  aeid  if 
diluted.  It  \%  also  frequently'  contnminated  with  arttenic,  derived 
from  the  pyrites :  the  diluted  acid  in  this  case  gives  a  yellow  prccipi* 
t«te  when  cuposedtoa  current  of  sulphnretted  hydrogen  ga«.  TTie 
arsenic  is  still  more  easily  rceogniscd  by  what  is  termed  Marsh'a 
test,  which  will  bo  descrilied  under  the  head  of  arsenic  (70*^ 
On  the  large  scale  this  impurity  is  cflertually  removed  by  addta 
ft  small  quantity  of  sulphide  of  barium  to  the  aciil :  sulphide  ol 
arsenic  and  sulphate  of  baryta  are  fornieil ;  they  are  both  ins^ihible 
in  the  acid,  and  may  be  separated  by  subsidence  and  dceantattoii 
It  may  also  be  got  rid  of  hy  adding  hydrochloric  acid  and  lioilin 
the  liquid,  when  the  arsenic  is  expelled  iu  tho  form  of  chloride  0 
arseuic  with  the  ckccss  of  hydrochloric  «cid.  Citric  neid  an 
some  of  the  lower  oxides  of  nitrogen  arc  also  often  present :  I 
strong  solution  of  green  ritriol  in  water,  when  added  to  the  undl 
Intcd  acid,  »liows  the  presence  of  the»e  impnrities  by  striking  t 
characteristic  purplish-red  colour  at  the  point  of  contact  of  the  tw 
Itipiids.  Sulphurous  acid  may  likewise  oometinK^s  be  dctt^^ctcd  u 
the  acid,  as  may  also  hydrochloric  acid  and  sulphate  of  potash. 

When  required  iu  a  pure  form,  the  acid  munt  )io  re-distUle 
\rith  a  tittle  sulphate  of  ammonia;  this  salt  decomposes  any  nitron 
acid  which  niuy  he  present  (p.  103).  Tlie  dislilhition  requires! 
be  conducted  with  much  care,  as  the  boiling  takes  place  wil 
viulent  euncus^ions  and  sudden  bursts  of  vnpuiir  ;  the  danger  nu 
he  avoided  hy  distilling  it  from  broken  crystals  of  qtiartz  ;  or  t 
using  a  gos-burncr  in  the  form  of  a  large  ring,  so  as  to  apply  bei 
to  the  sides,  and  not  to  the  bottom  of  the  retort,  in  which  cm 
the  insolnblc  matters  collect  at  the  bottom  of  the  retort,  whil 
the  ebullition  takes  place  from  the  sidcti  tranquilly. 

Sulphuric  acid  in  its  conccntiatcd  form  acts  but  feebly  upi 
metallic  hodivs  iu  the  cold,  but  when  boiled  upon  them  it  iu  MB 
CftM»  undergoes  decom[>asition  :  even  silver  is  dissolved  by  it ;  tl 
metal  is  oxidized  at  the  expense  of  part  of  the  oxygcu  of  th 
acid,  sulphurous  acid  being  formed,  whilst  tho  sulphate  of  tlie  met 
is  dis.so]ved  in  the  excess  of  sulphuric  acid;  thus  Ag  +  i  (HO,  SQ 
oconie  .AgO,SOj  +  SOj  +  l  110.     Copper,  mercury,  arsenic,  «at 
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>iainat1i,  tin,  lend,  iind  tellurium  arc  acted  upon  hy  the 

ID  ti  simiiur  luaiiner.     OoM,  platiintm,  rhodium,  niid  iridium 

not  acted   upon  by  the  ttcid  even  when  boiled  with  it.     The 

Mre  oxidizahlv  nictalii  are  diMolved  by  thiH  acid  vhvu  diluted  with 

mter,  water  being  decomposed  and  hydrogco  liberated,  whil§t  the 

ijgen  uf  the  witter  eombiues  with   the  metnl,  and  the  metallic 

idc  at  tbe  moment  of  its  formation  unites  with  the  sutiihiiric 

:  zinc,  iron,  cobalt,  niekcl,  and  inaiif^ancsc  «re  turtcd  upon  in 

way.     The  acid  is  also  decomposed  when  boiled  with  cliar- 

DmI  or  with  sulphur,  suI[>l)tiroit!t  ncid  being  evolved. 

SuJ/i/tutes. — The  talta  formed  by  unlphuric  acid   are  termed 

fufyhiUet :  they  are  fur  the  most  pari  eumjioscxl  of  i  cc|u)vak'iit  of 

■dd  and  i  of  metallic  oxide,  hkc  sulphate  of  nine  (ZnU.SO^  +  ^  IIO). 

nerc   arc,  liowcrer,  strong  grounds  for  believing  that  sulphuric 

■td  is  what  ia  termed  a  dibaaicaeid  (4(^0).     ltd  onliiiar>'  formula 

lOttld   in  thU  cuec  require  to  );e  doubled,  and  would  be  writtcD 

O,   S,0,:    neutral     sulphate    of   zinc     being    a  ZnO,    8,0, 

Aq.     With  the  alkalies  it  forms  acid  salts,  such  as  bisuU 

of  |)Ota»b  (KO.IIO,  iSOJ :  in  a  few  instance*  basic  salts, 

lut   the  sobsulphatc  of  copper  (3  CuO,SOg+2  Aq),  may  be 

Tlic  Holuble   tiulpliateit  of  the   mctnllie  oxides  may  bo 

ily  prepared  by  dissolving  the  oxide  or  its  carbonate  in  diluted 

uric  acid,  iu  cases  in  which  the  metal  itself  ts  not  readily 

,cd  by  ihe  acid.     The  insoluble  sulphates,  such  as  those  of 

ta  and   lead,  may  be  obtained  by  prt^cipitating  a  soluble  salt 

of  the  bwse  by  means  of  some  soluble  sulphate,  such  as  nulphate  of 

«dL     Many  of  the  sulphate*  arc  formed  as  residues  during  the 

inparatioii  of  the  volatile  acids  by  the  action  of  sulphuric!  iicld  on 

tiuir  islts.     Sulphate  of  potash  is  thus  obtained  during  the  pre> 

|uatkm  of  nitric    acid   &om    salt^wtre,    Hulpliatc    uf  soda  as  a 

nidoe   from  common  salt  in  the   manufacture  of  hydrochloric 

idd,  aud  so  on.     Tlie  sulphates  of  potasli,  baryta,  strontia,  lead, 

uidof  Iwth  the  oxides  of  mercury,  are  anhydrous.    Sulphate 

:   ijjypsuni)  contains  (,'a(>,SOj+  2  Aq.   The  sidphntcs  of  zinc, 

ia,  and  of  the  protoxides  of  iron,  cobalt,  and  nickel,  usually 

a^tiaiXtzv.    nilli   7  A(|;    hut   the   nunibcr  of  atoms  of  water   in 

Ikw  salt*  is  often  smaller  if  the  solution  !a  allowed  to  crystallize 

■t  a  high  temperature,  the  projiurtion  uf  water  bdng  sometimes 

jAq,  at  others  4  A q,  and  under  some   circnmstaueeH  as  low  as 

lAi).     The  sulphates  of  tim  group  (which  arc  isomorphou-t  with 

*iilphate  of  magnesia)   contain  i  atom  of  water,  which  admits 

'/  di^i'laccment  by  an  atom  of  some  anhydrous  sulpliate,  such 

culpbate  of  pota^,  or  sulpliate  of  ammonium  (ll^NO,  SO^: 
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pKoliar  dnublo  tnlts  lire  tliiut  fuminl,  irliicb  rvtun  6  fttoi 
ttalcr  of  cry^tallixation,  bul  tbe*c  dwiWo  siiltearc  still  iMimun 
«ith  RtilpliHtc  ofititt^csia  (461).  Sul{tlmte  uf  copper  crym 
nilb  5  A(|,  but  it  (arms  double  salts  coittniuiog  6  Aq,  «■ 
(CuCSO,.  K0,S0,  +  6Afi)  isomorplioiw  wilh  tlio»e  just  mraH 
Sulphate  of  wxl» crystal ii]i««  usually aa  (Nu0,80g+lo  Aq),! 
eikhibitB  sonic  singulnr  anomntics  (48!)).  I 

Tiir  HtilphatcH  of  tli^  alkalies  aud  of  the  alkaline  cartlii  ■ 
dccompoecd  when  heated  to  redness,  nccpt  the  ruljilmte  ofl 
uet'ia,  which  loitca  ita  a<;id  partiallj;  the  sulphates  of  cind 
iniiim,  DJekel,  cohalt,  ooppcrj  and  silver  require  an  intcnKn 
droomiyoac  thcin ;  but  the  nther  unlphales  part  wilh  ^^ 
without  difficulty  when  Htrongly  ignited.  When  heflH 
charcoal  the  sidphates  arc  oil  docompoaed  ;  those  of  the  al 
Kud  alkaline  earths  being  converted  into  sulpbidc*:  tlica 
]ihide»,  wh<^i  inoiitened  with  hydrochloric  arid,  etulvc  sulnbn 
hydrogen.  The  Bulphatc  of  baryta  may  he  easily  rccogl^H 
in  Huiidl  qunntity,  if,  ulWr  liaviiifT  been  mixed  with  a  S^| 
coal  and  folded  in  a  piece  of  platinum  foil,  it  in  hd^H 
flame  of  the  htowpi]W ;  BaO,SO,4-4C  become  naS+4| 
carbonic  oxide  cecaping  as  gas  ;  and  the  sulphide  of  barinfl 

'  tnoialciied  with  hydrochloric  acid,  i»  coi»tTted  into  cbloM 
evolves  hydroftttlphurifl  acid;  BBS  +  nCl  =  BaCl+ HS.  11 
pbatea  of  the  alkalira  and  n.lka!ine  earths  may  nUo  lie  md 
intosulphides  by  heating  them  to  redness  iu  a  glaa»  or  pel 
tube,  and  transmitting  a  current  of  dry  byiltogeD  gm  cmg 

,  Iu  this  nay  sul|>hatv  of  pota«h  is  reduced  witlMint  dl|M 
sulphide  of  potoKtium,  water  being  formed ;  KO.SO,  -^^H 
ing  KS  +  4IIO.  S 

Sulphuric  oeid  and  itd  etslti  are  ea«ily  reeo-^iii-x-il  wh^H 
tton  by  the  white  pntripiuttc  of  unlpbate  of  luiryta  wliiehVf 
on  tlic  ■d4Utiou  of  nitrate  of  baryta ;  this  pn-eipititie  is  najl 
in«iilubli'  ill  nitric  acid.  A  white  precipitate  of  suIpU 
h'lid,  nearly  as  iiixohiblo  as  the  sulphate  of  baryta,  n  ftn 
•ddiug  a  Milablo  i«all  of  lead  to  a  Mlution  containing  nJ 
arid  ur  a  sulpbatis.  The  snlpliaten  uf  strantin,  lime,  tJt 
arc  but  »pariii(ily  M^luhlr  iu  watrr;  the  olbmi  are  rcwliiP^ 
nearly  all  tlto  eut|diaU'»  are  inwlnhle  in  alcohol,  uolcM  1 
oxcesM  uf  ariil  be   [ircseut.     TIk-       ■  ■    -  '  '  V        •  M 

to   water  and  in  oetiU   may  be   ■  .    |^| 

with  an  exiv^iiifntrbaiintn   of  stMla  or  pocuh,  a  mi|| 
n"  -1:    ' ■  •■-■:•■■■■  '    "'.J 
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'  Uie  Ssrd  nlknla-s,  wbea  boiled  wUli  the  I'nfoliible  siilpltatcs, 
I  a  ■iiniliir  titit  less  complete  dccomposiiion. 
H)  [IrroAttLriivKovs  AciD,notMuUtocl(IIO,SjO,=9  +  i48). 
iviuiiiiitnu;  oriils  nf  sulpbur,  thi;  only  oue  of  any  pnu^nl  j 
10  tliL-  I)_v[iii4ul|i|iiiruii>  Of  d it Munota acid.    In  rombins*  ^ 
ill  «oila  it  lias  bi:en  largely  employed  in  ttie  flxitig  of  photo- 
r-i.     This  nppliciiiiun  liaM nri«cn  from  the  |iower  pos-  ■ 
. impound  of  di&«oI«iDg  those  aall*  of  silver  which  are  ^ 
1 1  vruter,  forming  with  them  «oIublc  double  salts ;  the  8iir- 
: '  -    rrnph  is  freed  from  the  unaltered  argcptiiio  com* 
11  in  a  solution  of  the  hj'poisulphitc,  vhilst  the 
which  luL^  bi:v»  hinckeiied  by  light  i.i  led  uiiacluil  tijioii; 
■  thi«  ()|i«ratioa,  the  picture  be  well  washed  triih  mater,  it 
agcr  liable  to  alteration  hy  exposure  to  light. 
^kfilijug*  lie  digrstn)  in  a  solution  of  sidphnrous  acid,  tfao 
^kolved  without  aiiy  cxtricntiim  of  ga-t;  it  ivoxidiied  at 
■te  of  a  portion  of  tlu^  sulphurous  acid,  and  a  mixture  of 
t  «nd   tiyp<i«ul;ihitc  of  xinc  a  found  in  iolutioii ;  3  S0,+- 
leminti  ZhO.S,0,  +  ZuO,SO,. 

fmitphitt   of  Soda   (NaO,S.O,  +  5  Aq)    \»    manufactiired 

»  otciit    by  tnuumilting  through  a  solution  of  impure 

la  of  aodiurn  (prepared  by  fusing   together    in    a  curcrcd 

p  moaI    W(-i}!t)t»    nf   carbonate    of  soda    anil    fioircrs  of 

r)   t   «tn-:iin  of    BulphurouH    ncid    until   it  a'.aMM   to    bo 

.1    ■'...    liqtiid    in   then   fiilered   and  evaporated;  byiKMuU 

er}*«tulltxe9    from   the    solution   in   bold    striated 

,  terminated  by  obliipie  faws,     A  still  better  plan  l 

•iting  a  solution  of  sulphitt-  of  soda  on  powdered  ' 

ilpliiir  is  grailiuUly  dlMolred  and  forms  a  culourlcss 

;>:>mltiiii  yield»  crystals   of  liypunulpUilc  of 

jjiiur  coinbiuing  with    i    atom   of   sulphtic 

SO.  +  S  becoming  NaO,  8,0^.     Wtica  heated  in 
tiypusulphite  of  soda  fir^t  loses  wator,  and  la 
...  julphate  of  soda  and  pcutaanlphtdc  of  sodium; 
=  n  CSaO.  S0»)  +  NaSj.     The  hyposulphUea  «/  tiiw 
SrO,  Sp,  +  5  .\ij)  may  be  prepared 
1  ihroiigh  iitolution  of  thesiilphidua 
ittrontiuin ;  thvir  solutions  arc  dccompoicd  hclow  | 
'  '       .  fri-f  sulphur  and  Nul|ihiica  of  the  earths. 
,      ^  .:  (Bat),  S.O,  +  Aq}  may  be  obtained  in 
..-Us  by  mixing  dilut«  sohitioua  of  dduridc  of 
.>X  siidu.      It  ix  impos>ib1o,  however,  tu 
1  of  a  hydrate  cither  from  this  or  fnim 
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niiy  of  its  salts;  wlieu,  for  exAmplo,  milpburio  wid  u  M 
tlic  liy]xwtilphit<!  of  Imryui,  suljibotc  of  InryUi  is  prml 
but  if  the  solutiou  lie  filtered,  the  clear  liquid  B|>cedilT  U 
mitky  from  tbc  sii>iinitioii  of  sulpliiir,  uiil  the  odour  i 
{ibiiroufl  acid  is  emitted ;    110,8^0^    becoming;   dec{im]«wJ 

s+so,+no.  1 

Rose  states  tliat  noii«  of  the  by]MMuIphttcs  can  l>e  ohtll 
tbc  anhydrous  form,  all  of  them  rctainUig  at  least  i  nton  cfl 
uhicli  cuuiiDt  be  exiieUcd  without  conipletely  decoiii]>o*ii)g  tl 
eothat  prohahly  their  true  formula  should  he  MO,  S^HOJ 
of  the  banta  tmlt,  for  in»tanoc,  inateud  of  beiug  BaO,  S^d 
8lionldbe'BaO,S,IIO,.  ] 

The  soluble  hyi>oituIphites  arc  cosily  rroogni»ed  by  tlia  i 
with  which  they  dissolve  cliloridc  of  silver,  forroing  n  solutioJ 
iuleiisely  8«cct  tasto;  AgCl+a  (NaO,  S,0^=XsC]  +  Na(i 
2  SjO).  Solutions  of  the  liyix)su1|)hites  girc  a  white  pradM 
hyposulphite  of  lead  in  «>lutious  of  the  salts  of  lead  ;  this  ■ 
tate,  however,  becouie«  decomiioMHl  and  blackened  if  dried  ■ 
owing  to  its  partial  ooDvcnJon  into  sulphide  of  lead  :  a  solJ 
nitrate  of  aulwxido  of  mercuTy  i»  immediately  decompoaa 
solution  of  the  byposulphitcs  at  ordinary  tempcratares  in  ftl 
manner,  the  blavk  sulphide  of  mercury  being  dciwsitcd.  1 
••Its  aliio  give  a  brown  ]>recipitAte,  consisting  of  sulphide  of  I 
when  heuted  with  «  solution  of  a  salt  of  copiHrr  aridutatd 
hydrochloric  acid.  An  alcoholic  solution  of  iodine  U  ra 
DolourlcM  by  admixture  with  an  cxccm  of  hy  ))osul[ihiir,  a  mI 
DBtc  of  tbe  ha»c  being  {irodnccd  (350-  I 

Thv  HifpvjtuliMtr  of  Gold  and  Swia  [AuO,  S.^^  j  (Nid 
+  4  AqJ  is  used  for  gilding  the  daguerreotype  plate  and  fiirl 
ing  tlw  positive  proof  ohtninrd  in  phologmiiliic  printing.  I 
bo  prqiared  id  a  state  of  purity,  by  mixitig  coiiL-culratod  tj 
of  I  part  of  chloride  of  gold  luid  3  parts  of  by|icmd)>Iiite  oj 
chloride  of  Hodium,  tctraibionate  of  soda,  and  hypo!<  '  '  * 
and  gold  liciitg  formed  -.  on  the  addition  of  alcobal  j 

is  precipitated ;  thv  precipitate  mu»t  be  redissohtd  to  m 
quantity  of  water,  and  again  preripitated  by  alcohol.  It  I 
litca  {»  groupa  nf  colourlcM  ncnll^s  "'hid)  arc  very  tol 
water,  bat  insoluble  in  aloobol.  It  may  1)0  mtifd  wHhl 
aulpliurio  or  hydrochloric  acid  without  tbe  eroluliou  of  I 
rotts  acid.  I 

'J1>c  formation  of  this  double  «att  t»  nplained  by  the  H 
tijuutiou  (KordoM  aud  Gfiia,  A»».  de  Cfnmit,  111.  itii.  MH 
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)+AuCl,=a<N«O,S40J+A<i0,S,O^3(N«0.8,O,)+3NBCl. 

I  nTrovDLrurttic  Aciic  DU&ionu:  Acid  (UO,  8^0^=9 -f 

acid  in  tnure  stahio  tban  Uie  bypostilpliuruiis  acu),  aad 

IblitAiucfl  in  cooibiiiiitioii  wit)i  water.     If  stilp)iuruus  ucid 

■uiittcd  c)in>ui(h  water  in  wliich  lineljr  divided  pi^roxide 

U  stupciidMl,  tlic  gw  it  mpidljr  uhforlicd,  and  if  the 

I  liEpt  cool,  liyiM>Aul[iIiAte  of  niangancte  is  formed ;  MnOj-|- 

Jiliiig  MiiO,  SjOj.    If  the  temperature  l>c  allowed  toriw, 

iniuiKHuoM!  is  formed  instead;  MnO^H- SO,  becoming 

lO^.     It  ia  didicult  to  prevent  tlie  forntntion  of  a  little  of 

lalt,  but   tlir  two  salts  are  caailj-  separated  ;  by  adding 

tlie  protoxiile  of  maiiganenc  ia  preeipitated,  and  sul. 

ulplintc  of  baryta  are  formed  ;  MiiO,  SO,  +  MnO, 

..lIOj  =  llaO.SOJ  +  UuO,S,0,  +  3lMnO,  IIU}.    The 

pbate  of  baryta,  heing  avluble,  maj-  be  separated  from  the 

■alpbalt;  of  baryta  by  tiltmtiuii,  and  it  may  be  obtained 

ititf  erysUiln  (UiiO,  5,/>^  +  4A<i)  by  cva|>oralinu :   by  the 

■dditiun  of  diluted  6ulj>buric  stcid  to  il«  aolution,  until  a 

•m  to  be  formed  on   the  aiMitioa  of  a  drofi  of  s»U 

_  IHMulphuric  acid  may  bu  Itiicruted  and  fdtvrcd  lioni 

at*  of  Ixirytn. 

o^i''   '       -  arc  all  svlu))li>  in  watt^r.     Tlic  »oliiI  salts 

ei  _  liuroitM  acid,  whiUt  a  sulpliatc  of  t)ie  blue 

bchuid.     Wlien   in  solution  they  may  be  osidiicd  at  m 

I  beat    by  ehlorine  or  by  nitric   acid,  and  two    atomH    of 

arid  are  formed  ;   8,0^  +  0  =  2  SO,.     In  the  cold,  they 

[na  a|i|a-aninoe  of  ileconiiKKiitiou  wlien  treated  with  snliilia- 

l.i'     "  '.     N-d  with  it.  sulphurous  acUl  is  evolved,  bat  no 

[o(  >>ceurM.     Thcne  rc«ettous  distinguiab  the  liypo- 

I  from  both  the  sulptiitcs  and  hypwulphitea, 

3)  TaiTiiiovrc  Aeii>,  |llO,  S»0s  =  y  +  8S).— If  a  natnratcd 

.  ut  bisulphite  of  potash  be  di^csti-d  on  Itowcrs  of  sulphur 

or  four  days,  tit)  the  yellow  colour  liaa  disappeared,  sul< 

acid  (tnuliially  ewajWH  and  trilliiuunteof  [iotn»h  is  formcul. 

litis  in  aidijdmu»  four-siiWd  privnia,  terminated  by  dihe- 

itta.      A  anlution  of  the  salt  gives  a  black  precipitate 

ite  of  mrrcnrr,    and   a  white  with  the   ix-niitrate  of 

rttb  oitratn  of  --lilver  it  jjiTca  a  yellowish  white  prccipi- 

an  beoonc«  blade.    Tlie  tritliiotuite  of  potash  may  be 

by  muaita  of  tartaric  acid,  and  the  liberated  tritliionic 

N 
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1  kM  enn  been  otrtained  in  pniniitio  cnrtUU*,  but  tb  ■ 
Sndnally  nndergom  spuoUucous  docompoaitiou  into  lulpli 
ndrMiom  Bixl  MiIphuHc  acids;  IIO,  5^0^  =  8 -(- SO,  +  lid 
"Xthm  the  tnthioDstcs  arc  bcated  in  «  cIokcI  tube,  snljiliarj 
Bnwil.  KiJpliaroas  aetd  is  eipdled,  aud  »uli>hile  of  the  bun 

(351)  Tkteathiomc  Acid  (HO,  S^Oj=9-f-io4). — ySa 
pomlpliilc  of  biir>'iii  is  suapeiidcd  iu  wul«r,  *iid  iodiiw  i^j 
iQ^Ae  of  bariani  ts  furmcd,  and  ■  aew,  sparingly  itnluble  ■ 
talntliiotuUoorbajrytu,  ia  tfeparated  i»  hydnitcd  ctyataI>}H 

3  (BnO,  S,OJ  + 1  =  Bal  +  BaO,  S.Oj.  I 

Tti«  tvtratbiouate  v*  purified  br  recrystalltMtion  ;  ant)  Gromu 
tioD  of  tbiv  salt  a  pure  solution  of  tetratbionic  acid  tn^-ij 
yBi«d  br  (lit'  ntUlilioii  of  a  quantity  of  s>ulpliuric  ncid  just  si 
to  pnvi[iiutlo  t!)0  irholc  of  tbc  bar^-ta;  the  acid  tiuij  bo  i 
tnted  iM  rcK-HO  over  sulpburic  acid.  By  boiling  tltc  aotntH 
pKiv  ■»  dcp'Mitcd,  sulphurous  add  escapes,  and  suljilina 
Kwaiiu  in  tbe  li<|ui(l.  I 

_^  (^ya)  Frktatiii<»kic  Acm  {HO,  Sj0.=9+i3o). — A  J 
Hr  sulpliurous  Bcid  is  decomposed  by  tnnuniittinj^  Ibroflj 
vurivut  uf  Aulpliurcltcd  hydrogen  ;  sulphur  is  difijoiitctl.  tarn 
MUhI  TvoiaiiM  ill  the  liquid  ;  5  SO,+j  HS  yicldiu;;  II^.S^Q 
•t^UtX  It  is  very  unstable:  tctrathionio  and  tritbioniCM 
HMNHrd  in  ibr  soluhMii,  iittvitdcsl  M'itU  a  di-pusitiou  of  gdfl 
^ntmikiiHtale  0/  haryla  (U.iO,  S,Oj^Aq)  way  be  rtl 
Mtk.1  wall'*  by  urutraliting  tJic  acid  with  baryta  vater,  u 
■itattH^  Ibc  mU  from  it*  aqucons  solaliou  by  the  add 
^^vl^tt ;  Mibnitratn  of  mcrcuty  givua  a  ycllon  prccipiUU 
MUt^W  t  K"^  nitrate  of  silrcr  a  yellow  precipilaia,  wUdu 
^liCiMHttt  itrcutaposod  and  turns  block.  1 

Tl»  •i'tioa  of  snlphiiric  odd  upon  the  salta  of  tltJ 
v^y^-^itb  uf  »ul)>hur,  alTonl*  a  valuable  inrans  <if  distiu 
^««v  '     ''  ihi-x.'  diRureiit  cJassn  of  salts.     Wfl 

^^'■- '  '»'id  i»  ]>our(.-d  u|ioii  the  lulpbatos  it  m 

^,.  ...  isht'U  braU'd  urith  them.     The  eulpbilra,  eraJ 

,^  ■'1  sulphuric  arid,  on   odour  iif  mm 

^  1  '  ^''»  emit  no  o<)onr  uf  *uipbun:>ii»H 

tt  '  ^  *■'->*'  in  the  ndd,  but  tmAm  sulpburwiJ 

|i  ^^Kilit   (lilutnl  •ulphuric  acid  prudoflfl 

ly^,  '    "   'n    the   cold,  an   odfiur  of  auIi^H^ 

«(tMt>t>^t  «IUi  a  depualt  of  sulphur.  1 
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<xo«ri.rnrRlc  Acid,  Chloride  of  SHJphuryl  {S0,C1), ; 

otiil,    v(>f>;  of  Vapour,   4703;  Boiliiit/    Pt.    170"; 

U.4.— If  a|ail  tuesAurce  of  siilplturons  acid  uid  of  dilorinc, 

Tdctly  dry,  l>e  mixn!  togctlier,  no  cliaiigt;  occurs  in  diffused 

luit  itnilirr  tlie  intluencc  of  bright  suiuliine  they  tuut«  and 

coadeHMtl    Juto  a  oolourlem  liqui<l,    with  nn  extremely 

odour,  and  ui  imtuttng  effect  upon  the  eyea.»     Thig  »ub- 

wnrcely  l>c   called  an  ncid,  for  it  doca  not  form  any 

of  EalU.     It  mny  be  distilled  unclutuged  from  caustic 

boryta ;  hat   by  admtitarc  with  wntcr  it  is  immediately 

into  sulphuric  and  hydrochloric  acids;  (S()jCl}g  +  4  HO 

(IIO,  SOj)  +  2  ItCl.     An  annlogous  compound  may  be 

li  iotline.     Thew  t)o<Ii«!H  are  considered  by  H,  Rote  and 

iuN,  na  compounds  of  sulphuric   acid  witli  chloride   or 

sulphur;  3  S0,(:i  =  2  SO,,  SO,.      Rose  baa  obtained 

otIy-lix>king  compound,  which  boils  at  a93'' F.,  containing 

,C1,  which   both   Ro«c   ami  llerxelitis   regard   aa  (5  SOj,, 

It  sboiild   be  stated,  in  opposition  to  this  view  of  Bcrac- 

DO  compound  of  diloriue,  SCijp  is  known  to  cxi»t,  and 

of  tbo  rapour  of  chloride  of  Gulpburyt  is  in  faroar  of 

formula. 

".  riM)N(i.i'iii'»ic    Acid  (HO,  SO,>IOj=9+62)  ;  not 

I'ltiied  with  bases. — TVutuxidc  of  nitrt^cn  and  sul- 

kcid  may  be  mixed  with  each  other  in  a  dry  state  without 

into  combination,  but  if  a  strong  solution  of  pota«h  be 

into  a  jar  containing  a  oiixturc  of  a   rolnmca  of  the 

Mid  1  volume  of  sulphuroua  acid,  over  mercnrj-,  the  gn»  is 

'  (hjmplftcly  at»orIjed.     If  a  concentrated  solution  of 

.Liuniiod  with  sulphurous  acid,  then  mined  with  four 

tta  bulk  of  the  solution  of  ammonia,  and  a  current  of 

'    iitn)^cn  be  slowly  trauHniitted,  whilxt  the  lic|uid  is 

1   cool,  tlie  gas   is  in  great  measure  absorbed,  and 

snow-white    crj-stals   of    uitronulplmie    of    ammonia 

lNO^)  ar«  dqioftitetl ;  they  may  be  collcctGd  on  a  filter, 

K  little  ice-cold  solution  of  ammouia,  and  dried  tn 

Mulphuric  acid. 

t  bt  a  singularly  unstable  comiiound  ;  when  diiisolvcil 
begtna  to  undergo  decomposition  at  ordinary  tempera- 


_.^  1^  n^>t.Si.-.1  mt'iv  fKiljr  \)j  disltllbc  an  intimate  mixtow  of 
!  tiosplioniB  with  sulpl»(i>  of  lead,  pbos- 
I  ryl  b«nc  fonnfd  (Cahai) ;  tlie  icaotkiD 

'=iT  (3PbO,  PO^  +  3  (SO^IV 
K  2 
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ture* :  the  presence  of  a  free  alkali  increases  tta  «tability. 
attempt  be  mule  to  liberate  the  acid  by  llic  additiun  ot 
neiii  to  the  Halt,  briak  eftcrvcBccDCc,  due  to  the  e«ai<e  of 
of  nitrogen,  takes  place,  nnd  viilpliuric  iteid  remains  in  the 
HO.SOjNOjgtriiig  HO,SOj  +  NO.  Mere  admixture  of  ihe 
of  the  nitroAulphate  of  amnioiiia  nith  that  of  miuiy  mei 
Kuch  for  instance  a»  Aulpbate  of  copper,  produces  a  umiUr 
position :  pTotinblj'  a  double  decompcwitWD  oocura ;  CuO, 
ir^NO,  SOjNO,  becoming  CuO,  SO,N()..+  H.NO,  SO, : 
sulphate  of  copper  being  immediately  resolved  into  pi 
nitrogen  and  sulphate  of  copper.  If  the  dry  iiiirotnl, 
ammonia  be  hcatod  a  little  above  330°,  it  is  dceom 
explo«ive  evolution  of  the  protoxide  of  nitrogen. 

The  nitrosulphates  of  potash  and  soda  are  rather  m' 
No  insoluble  iiitroaulpliatea  have  been  fonnod  ;  thej'  girt* 
dpitate  with  baryta  water.     The  nitrosulphates  of  the  al 
ucutrul  to  test  paper,  and  have  a  pnogent  bitterish  taste. 

(354  ")  (^ompoanda  0/  Sulpkurwu  and  Niirtms  Adit  1 
azolisfd  Aridn  of  Fremy. — A  remarkitble  Mriea  of  ealta 
described  by  Frcmy  (^nh.  ite  Ckimic,  III.  xr.  40S),  fori 
action  ofxiilpburnus  acid  \t\Mn  niiriU*  of  ]v>lu'>h  coittniaiiij; 
exceso  of  free  alkalL  Sulpburous  acid  combttica  with  the 
of  nitrite  of  potasli  and  water  in  Heverol  ditren-nt 
and  forms  compounds  which  eiystalliio  reailily,  and  inl 
neither  Milphiirmu  nor  nitrous  add  can  be  detected  by  tin 
tests.  The  solutions  of  these  s&lts  produce,  in  solutiona 
of  han,-ta,  a  pri-opiute  which  contains  tlic  new  acid.  ']' 
pounds  arc  all  dcoonipo§L'd  by  boiliug  thotr  aolutkni*,  and  ai 
and  sulphuric  add  are  amoogst  the  prodncta ;  am] 
them  even  espcricttcc  a  similar  docompoaition  at  ordii 
peratitrca. 

Tlie  subjoined  formula;  will  suIEdcotly  indicate  the 
of  tbcM  solta  from  nitrite  of  potash,  vratcr,  and  sulphurous 

Sulnloirit*  of  p«W«di.  3  KO.  S,NHiO„  or  3  KO  v, 

6ulplksui«orp<>tJub.  3  KO.  9.XII,0„or3  Ru 

SaljiUswUUr  of  iwtwii.        .3  I^O.  S,M1,0„  or  3  Kit.  .     ,  - 
SulpUammomsto  of  polaiU,  4  KO.  8,NH,l"»aOr4  KO,  Nu,-f  8 

It  is  remarkable  that  if  nitrite  of  sotU  be  i>u1i«tituird  for 
|iota«ih,  uu  sulphaxotiscd  salts  are  formed.    tnd<«d, 
unable  to  procure  any  sucb  compound  which  contaii 

The  itut|>biiiiimunat(i  of   potash  i*  easily  fr  r 
strong  Nulution  nf  vnlphite  of  poivh  with  one  oi  .. 
the  sulpbauiuionatu  is  deposited  iu  beautiful  alky  ooxti 
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IWoaokuUPnuuii;  Acid:  Saiphurelleil  Ihjdnstn  {\\%  = 
wA.  W.  3 ;  Sp.  Gt.  riyii. — Sulphur  fonns  with  hydro. 

iinjiortuit  cotuponiid  oonitnoDiy  teniicd  nulpliuretlod 
t,  buL  which,  M  it  pooMSses  feebly  icid  propcrtica,  maj 
&tij  ctlled  hydnisulpburic  add.  It  ts  formed  ia  Kraiill 
■  wheu  sulphur  is  hcAtct)  in  hydrogen  g&s,  bat  it  is  always 

for  UK  hy  decomjxuing  one  of  the  nietiillic  »u1])hide« 
aciil. 

itruiioa. — 1.  For  ordinary  purposes,  about  half  an  ounce 
de  of  iron  iFcS),  in  small  fragments,  ia  placed  in  a  bottle, 
Lutnipuitcd  in  the  cold  by  an  ounce  of  sulphuric'  ncid 
rilli  (i  or  8  limvs  its  hulk  of  uratcr ;  gas  is  immediately 
1  ■buudniiw  :  the  oxygen  of  the  water  enters  into  oom- 
with  tiic  iron,  forming  oxide  of  iron,  which  is  dimoLrcd 
yd,  while  the  hydrogen  tukts  up  the  sulphur  and  escapoa; 
},  SO,  becoming  IlS  +  PcO,  SO^. 

ga»  whirh  in  proeure«l  in  thin  manner  is  commonly  con- 
with  free  hyilmgen,  Iwcausc  the  sulphide  of  iron  often 
a  portion  of  metallic  iron  dixseminated  through  it.     Pig. 
rv  a  oonieuiciit  method  of  mounting  an  apparatus  for  dis- 

Fiu.  184- 
T  Fio.  385. 


a  cniitiniKnui  eurmit  of  the  gax  from  sulphide  of  iron. 

•h  which   the  tuhcB  giafis  is  not  fitted  at  one*?  into 

..  ...  i:,  Imt  is  made  to  tit,  as  nt  a,  into  a  piece  of  stout 

open  «t  both  ctuU,  sneh  as  is  shown  in  llg.  385 ;  this 

[id  M  OS  to  cloMS  the  nock  of  the  tiottlc  air  tight,  like 

»lopprr.     11ii>  appuntus,  which   requires  to  be  fire- 

!)tcil  ill  order  to  be  chtrgcd  afresii,  may  thus  Vic 
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.kept  lu  a  Ecrviccniilc  oouditioii  without  the  trouble  or  li 

f  Coiitioi|tieiit  on  tlte  fretiucul  rviicwal  of  tlic  corka,  irliid 

Deeded  tuiless  this  expcdieut  were  adopted.     Tbo  vu 

tube»  arc  connected  together  by  long  pieces  of  tuIcau 

chouc  tubing. 

a.— When  the  gu  is  required  in  a  state  of  purity, 
powdered  sulphide  of  aatimoDy  ia  subntituied  for  tlic 
iron  :  in  thi«  cose  it  is  oeocsssry  to  ompio;  j  or  4  parti 
chioric  acid  of  8p.gr.  i-t,  and  to  apply  a  geiitic  heat  t 
tiire ;  the  nppnratus  niny  tbco  bo  arranged  as  in  fig.  286, 
case  the  gaa  requires  tobenaolicd  befofe  collecting  it,  in 

mote  any  parti 
Fio.a86.  add  or  of  the 

may  have  bo 
over  with  it  in 
anspousioa. 
pound  of  onti 
sulphur  is  & 
(SbS,),  I  at 
requires  3 
hydrochloric 
docompusitiun, 
uiabes  i  atoi 
cithiride  uf  aut 
3  atoms  of  V 
hydrogen  :  Sb! 
yielding  SbCl, 
rties, — Hydros ulpharic  acid  is  a  traiuparcnt 
.  disgusting  odour,  resemblin;;;  that  of  rotten  eg 
ligbly  poisonous  when  respired  in  u  oonccntratecl  form 
when  diluted  with  from  f^  to  1200  times  it4  bulk 
rapidly  fatal  to  the  lower  Boimals.  It  is  iaflummable, 
with  a  iMilc,  blui*h  flame,  deponilingftulpliur  if  the  supf 
insufficient  for  complete  combustion.  If  traiuiuitli: 
tubes  heated  to  full  redness,  it  i&  partially  decomposed 
aud  free  liydrogon.  ltd  dcusity  a  liLlIe  exceeds  tha 
apheric  air^  100  cuIko  iti>-tK>^  wcigliiug  ratlu^r  i<i<>n' 
graiiu. 

ComftOfitwi. — The  proportioti  of  hydro};r:ii  lu  m  git 
of  the  gas  may  be  ascertained  by  lienting  v)aie  i^tuiq 
a  small  retort  filled  witli  salphiircttcd  hydn)f;cn  and  iu 
■  ■   :   tlic  PldphtiT 

1.  ._.  .„■_'  .    i.'nmiiifc  oi'tii]  ■ 
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1-  ''-fompoecil.     Potjs*ium   catiiint   lie   emploj-cd 

ti.:  '  <!AM!,  bncnin'c,  thutijjh  it  dccomposce  tlie  ga.*, 

«  of   patoMiuDi   wliicli   is  formed    enters    into   com- 

<rltli   niiMtlicr   poriioti  of  t)ii<  gas  nitliout  decomposing 

Muipli  unit  ted  hydrogen,  i  volume  of  $^ul[>lmr  vu[iour  nod 
of  lijrdrogen   arc  therefore  condensed   iuto   tlie  apace 

plumeft,  and  llic  com|K»ition  of  the  gas  mnj'  be  thu4 

Bd:— 

U]  mljht.  ty  tcL  9f  P' 

ibor  8  ^  t6     or     94'i]        i    or    t'O  ^  o^ooi} 

wwRM*  U  =    I  5*W        I  og  =  nog 

H8  =  17  loo'oo       X  I'o       i't74 

nltnu  acid  nod  »nt|itiurcttcd  hydrogen,  in  the  presence 
nrc,  decompose  each  other,  linlf  the  oxygt-ti  of  the 
m  ooid  uniting  villi  the  hydrogen  of  the  sulphuretted 
,  watrr  and  penlathinnii-  ncid  (352)  bfing  fornietl,  whtltt 
d£|KMiteil.  For  i-umiiletc  dcconipOEitian,  i  Tolumn  of 
led  hydn>gi'n  mid  >  Tolume  of  sulphurous  acid  wonid  he 
5  SO.  +  5HS=5  S  +  5  UO  +  SjOj.  A  large  proportion 
ur  thus  dej^oi^ilMl  is  in  the  cleetropositirc  forni  (3411), 
iu  bUiilphidc  of  rarlon. 
phurio  acid  im  rIm  immcdintcly  doeompooed  by 
minCi  and  iodine;  sulphur  )x:tnj;  precipitated,  and 
:,  hydrohnymic,  or  bydriodie  acid  twJng  formed  by  the 
whidi  i-uuibiuea  with  one  or  other  of  the  dementi  above 

-»iire  ofahiiut  17  atmos[)hcres,  sulphuretted  hydro- 

.^.  ■;■■    to   a  coIoutIcm,  extremely  mubili:  liquid,  nhich 

a  transparent  mass  at  a  temperature  of — las'*. 

at   gj"  diMulvrn  4'j7  lime*   its   bulk  of  sulphuretted 

■   •■  V    times   its  bulk   at  59",  and  2'66  at  7,;"  (Bun- 

•.ion  i»  fcrbly  aeid,  and  btu  the  smell  and  taste  of 

Wliiiti  <>x]>oi>cd  to  the  air,  this  solution  becomes  milky  ; 

gm  is  slowly  oiidixcil,  forming  water,  and  the  stdphur  i» 

If  Uiu  otidation  of  sulphnrcttcd  bydrogcn  take  place 

re,  u  little  sutpliiirie   acid  is  formed,  and  thix 

;.   the  proaencc  of  a  tiasc  to  combine  with  the 

Bctd. 

tcil  hydn)ycii  is  rorui<>d  siioiitancously  under  a  variety 

Whcuevi'r  a  soluble  «ulpbate  rrmiiirut  in  con- 

u^ttg  aiiiinnl  or  vegetable  matter,  the  Bul|)liato  lo&(  - 

It  -   with  ihf  element*  of  the  deenyiuj:  luti- 

|u  ,  'if  the   mi-tid  n^muius:   auljiliate  o[  limu, 
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for  example,  by  the  alntractioD  of  4  atoms  of  osytcru,  >: 
comxTtf»l  itit«  *nl|)lii(k  of  calcium  ;  tlitw,  Cn(>,S()j— 0,= 

In  tills  vaj'  soluble    sulphides  arc  formed  in  mnny 
such  M  Ihow  of  Ilitrrognle,  giving  to  tlieiu  tlidr  prrnlior 
raoos  odour;  aud,  in  a  somewhat  sitnilur   manucr,  sulpbi 
hydrogen  is  gcneratc<l  in  lai^e  qnaDtttio*  in  ttagnant 
cesspools. 

'I1ie  Hulphidot  thus  formed  arc  remlily  deoonipoord  by 
even  tltc  carbonic  acid  contained  in  the  atmosphere  bciti^ 
cicut  to  cntiM!  the  expul«iuu  of  sulphuretted  hydrc^en, 
to  occasion  the  odour  o1»crvcd  on  expoaing  sudi  oom 
damp  air. 

(356)  Hydrosulphaht,  or  Sutpkides. — llydnwulph' 
though  a  fci'hk-  arid,  combines  readily  nith  baser;  for  cii 
Ihc  ga«  be  trausniittcd  into  a  solution  of  potash  nr  «A 
aiumotiia,  it  is  mpidly  absorbed,  bydm^ilphatc  of  potub, 
or  kydrtttulphate  of  ammonia,  H^N,  IIS,  being  formed, 
(olutions  arc,  however,  generally  rrganletl  as  siilphidM 
metals,  lyecanse  the  hydrogen  of  the  acid  ta  eiartly  cqui 
the  oxygen  of  the  base,  and  is  capable,  as  in  the  aiiulogoua 
the  rhloridcs,  of  forming  irnter  aud  a  metallie  sulphide: 
ample,  hydmsulphatc  of  potash  (KO,  HS)  may  he  regardfld 
phide  of  potaasium  and  water,  or  a*  KS  +  HO.  Mi 
action  of  sidphurettod  hydroKco  in  eases  in  vhich  it 
precipilatA  in  tltc  wolution  uf  a  metallic  talt,  eoiisi!<u  in  the 
tion  of  an  insoluble  metallic  sulphide:  «beu,  lor  instamx^ 
ofeopjieriu  mlution  i»  treatc<l  with  sulphuretted  h 
abuuilaut  black  precipitate  of  sulphide  of  copper  is  proi 
is  formed,  aud  the  liquid  ticoomn  acid  from  the  libcratioa 
phuric  ncid;  CuO,S0,+  HS,  bcmmiug  110,  SO,+CuS. 
immlwr  of  the  metallic  sulphitk*  when  tlius  formed 
true,  with  water  at  the  moment  of  their  precipitation. 

Sulphuretted  hydrogen  is  in  eonliniuil  rcqtiliitioi)  in 
ralorj'  as  a  test  for  the  discovery  of  metallie  hmiiei :  it 
raetcriatJc  prreipitates  with  many  melallie  aalts;  for 
tlic  compounds  uf  Ira^l  it  girea  a  black,  nith     ' 
yellow,  and  with  those  of  atititnony  an  orangc-t < : 
Many  metallic  Bolutiona,  aueb  a»  tliow  of  sine,  tRw,  and 
nese,  wlieii  :i.  I,  yield  i'  '>  it ;  and  it 

fore  olU'U  1     .     .1,  in  the  ,     -,  to 

metals  from  ollicrs  wliiHi  are  thromi  iluiro  by  it  in  the 
iiiM.'   ":        '  '  .■  .       K„r   il.:  .t   of] 

U.1  .,  the  toll 
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la  lUe«c  coses  it  ia  alwRya  necessary  to  purify  it  from  particles 
bdd  in  mechanical  siiHjieiiMioi),  &ntl  Ciirrit-d  over  by  the  edcr- 
»woencc  of  the  mnteriala  cmplovcii ;  it  is  therefore  first  alloived 
to  bubble  up  through  a  lajpr  of  water  in  a  Woulfe's  bottle  inter- 
!»»«)  betvcca  the  generator  and  the  liquid  to  be  submitted  to 
its  actiou. 

\Vhcti  the  affinity  between  a  metallic  oxide  and  an  acid  ix  too 
great  to  be  orcrcome  by  the  action  of  hydrosuliihuric  acid,  the 
talphtdc  may  notwithstanding  bo  obtained,  providerl  that  an  alkali 
be  simultaneuuvty  prevented  to  the  acid  of  the  metallic  salt;  this 
may  easily  be  effected  by  mixing  a  soluble  sulphide  with  the  i>nlt  to 
be  dccomjKxed.  Tlius  if  iiulphittc  of  iron  (PcO,  SO,)  be  e)[|)oacd  to 
acurrcnt  of  sulphuretted  hydrogen  it  will  experience  no  change. ;  but 
if  mixed  with  a  solution  of  sulphide  of  potaMium,  a  black  precipitate 
of  tulphidc  of  iron  (FeS)  is  immediately  produced,  while  ttulpbatc  of 
potash  i»  formed  in  the  solution  :  FcO,  SOg  +  KS  =  KO,  S0^+ l-'eS. 
Tie  sulphides  thus  formed  are  very  commonly  hydrated  com- 
pouuds :  when  exposed  to  the  atr  in  their  moist  condition,  many 
of  them  alworh  oxygen  rapidly,  some  being  eonverted,  like  sulphiilo 
ofnickcl,  into  sulphate;  NiS,*  HO +  4 O  yielding  NiO,SOa,  J' HO: 
vfailst  others  are  simply  eonrerted,  like  wnlphide  of  iron,  into  free 
lolphur  and  the  mclallic  oxide;  a  FcS,  j  ilO-f^O  becoming 
Fc,0..«HO  +  iS. 

Ilydrosulphuric  acid  has  a  strong  dioposition  to  combine  with 
the  wluble  Hulpbidi-^.  It  formn  deliuitc  compounds  with  them ; 
thus  Hulphide  of  potassium  combines  with  an  equivalent  of  sul- 
(duiretted  hydrogen,  forming  the  compound  [K8,  IIS) ;  and  sul* 
jiuAe  of  ammonium  acts  in  a  simitar  way,  producing  the  oiclinary 
tut  liquid  (H^NS,  IIS),  which  is  uncd  in  the  laboratory  uudcr  the 
inoorrect  name  of  hydrosulphate  of  ammonia.  These  compounds 
mit  a  strong  odour  of  sulphuretted  hydro<;cn,  and  when  ilccom- 
poied  by  a  metallic  salt,  the  liy d roan Iph uric  acid  is  set  at  lil>erty ; 
for  example:— 

H,NS,  HS  +  MnO,  SOj  yields  II.NO,SO,  +  MnS  +  IIS. 

This  reaction  distinguishes  them  from  the  simple  sulphides.  Many 
uf  the  bydrotfulphatcs  and  sulphides  arc  easily  detected  by  the 
odour  of  nulphuretted  hydrogen  which  they  evolve  when  moistened 
with  iiyilrochloric  acid.  A  very  minute  trace  of  the  gas  may  be 
delected  by  piaffing  a  piece  of  [vqicr  muiKteneil  with  acetate  of  lead 
m  Iho  upper  part  of  the  tube  or  vessel  in  which  the  (lusj)cctcd 
nlplitde  haH  Imtu  mixed  with  acid,  and  closing  the  vca^-I  ;  tf  snl- 
pfaureticd   hydrogen  be  evolved,  a  bronu  or   black   tinge  occurs 
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after  tltc  lip«c  of  a  fotr  minutes,  owing  to  tlio  rormation  a(  MM 

of  Il-eiI.     Tlie  proiKirtioii  of  free  »uli>liiifcticd  hyilrogen,  ar  I 

soluble  sulphide  in  a  solutiou,  may  be  accurutclv  dctt^raiian 

mixing  tli«  li<ini(l  to  Ix  tested  irith  a  suinll  <{uantitj:  oS  aj 

■oliition  oTxtarcb  sliglilly  acidulated  with  aeeticacid,  antlaAl 

standard  solution  of  iodine  di«<olvcd  in  iodide  of  poUtaunni'l 

the  ttarch  aaBUuica  a  blue  tint  from  the  action  of  excess  of  {M 

in  tills  rewtioii  tlie  suljihurctted  hydrogen  convert*  tlie  iodiliM 

hydriodie  add,  whiKt  the  li<iuid   becomes  milky  from  the  id 

tioQ  of  sulphur  ;   I[S-fI  =  UI  +  S.  I 

Traees  of  soluble  Hulphido*  maybe  detected  in  neutral  ori 

line  solutions  by  the  magniticeut  purple  liquid  ttbtcli  ttin;  ford 

the  iiddition  of  a  solution  of  the  nitrojiniMide  of  sodiutt^U 

'Wheti  heated  before  the  blowpipe,  most  of  the  sulpbidM^H 

1  odour  of  sulphurous  acid  (441).  ^1 

'        ii57>  PeuBi-LeaiDC  or  lIvnitoaEK  (IIS,  ?);  Sp.  Gr.  afSM 

1769. — In  onler  to  procure  this  compound  it  is  usual  lo  btn 

pnr|ttring  a  pcrsulphide  of  calcium  (<'aSj),  wliith  umy  be  olill 

by  ))oiliug  equal  weights  of  slaked  lime  and  powdered  sulfa 

water ;  persulpbide  of  calcium  mixed  villi  a  corresponding  anoa 

)iy|KK>iiIiibite  of  lime  is  formed  and  cnlcn  into  folotiou;  jOI 

]3S=<.'aU,S,Oj  +  3CaS^:  tbeundifsoUeil  sulphur  is  sepanii 

nitration.     On  allowing  the  deep  yellow  liquid  to  fall  into  ■ 

chloric  acid  diluted  with  twice  it^  hulk  of  water,  anil  ^mtly  nm 

persulphidc  of  hydrogen  sutisidcs  as  an  oily  tiiiuid,  liaving  al 

and  taste  resenibliiig  that  of  liydroorulphuric  acid :  U  bum  m 

blue  flame.     In    many   of  Un   properties  it  preaoni*  a  •111 

analogy  with  deutoxidc  of  hydrogm  (396)  ;  it  poaacsscs  hlsai 

])Owers,  is  very  prone  to  spontaneous  decomposition  into  M 

I  mid  iiulphuretted  hydrogen ;  it  is  rendered  more  stable  ^■■ 

r  MDCc  of  acids,  aud  is  immediately  decomposed  by  alka^^^ 

lalter  circumstance  renders  it  necessary  tn  praparing  this  ooq 

to  add   the  sulphide  of  caldum  to  the  acid,  not  tlio  S4ll 

sidldmU-,  which  wuuld   be  uttciidcd  with  an  escape  of^H 

)ihuric  acid   aud  a  preeipitation  of  finely  divided  sulpl^H 

sulphur  which  ts  prvcipitated  iti  this  mntiucr  frou  uall^H 

eulphiilc,  was  furmerly  employed  in  mciiicinc  nnclcr  dM^^ 

lae  milfifniri*.  I 

0\lih-s  uf  mangnnoe  and  of  ->'  '  *l 

bjdriiprH  by  mere  contact  with   i  j 

effervescence,  owing  to  the  discngagcioent  of  »i  :^H 

I  pm.     I'--  ■  '  ^M 
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ttam  '.'  xuli'liiU'  of  lime   rortned  in  prcjnring  tlip 

lof  cii  ;>l«'avH  jinx'i[iitfti(?il  ulong  with  the  |)pr<iuU 

bMouGS  iltMolvcd  In  the  l><iuid  obtained. 

i.ruiDE  OP  Cianos :  SuiphMorbonic  Acid  (CS,*= 
J  Lii/Htd,  i-2;3  nt  60°;  of  Vapour,  2-6^-}  ;  Omb. 
Boiiins  Pt.  ijS'jf. — Thia  com]MUiid  may  be  preparod  by 
rnt{;in<MitB  of  cliurcoul  to  bright  rcducss  in  an  eartlica 
!fiiriiiMbe<)  with  a  tubuturt;  iiiU>  which  i»  lutixl  a  porcelain 
i;  puaing  utmrly  to  tlic  bottom  of  tbc  retort :  the  tubo  i*  pru> 
d  gt  iiH  upper  estnttnity  willi  a  i-ork.  From  time  to  time  this 
k  H  wiilidmwn,  and  a  iVagmcDt  of  sulphur  is  dropjicd  into  the 
At  the  cork  is  tlien  imniediaiely  n>i>UcciI.  Uie  unlphur  iiielts> 
ii  aiuTcrtcd  into  tajKiur ;  at  ttiis  elevated  tcmporature  the  car- 
(Mnbuiis  vritJi  tt,  nnil  the  liiniilphidc  tliux  uhtaiiK-d  iiiny  Ijecon- 
•d  in  vcwds  ]iro|>crly  cooled.  It  is  yellow  when  Grat  formed, 
■totaiiM  ftn  isurcw  of  milphnr ;  bol  by  ri-tlixt illation  it  may  bo 
Bl  in  a  stnte  of  purity.  It  ia  a  very  volatile,  colourleos 
fi,  of  Uigb  rttfnuting  power,  of  an  ncrid,  pungent  Umte,  and  • 
i,  pocultnr,  ittdphiirous  odour.  It  is  heavier  than  water,  in 
A  it  is  iuoolublc,  but  it  is  freely  «oIublc  in  ether  and  iu  oleo- 
I  ahru  it>  rnjiour  ia  breathed,  it  produces  great  depression  fol- 
id  by  oomn.  Bisidpbttic  of  carbon  has  never  hitherto  been 
Hi;  lictuc  it  haa  been  employeil  sometimes  in  the  conitruelion 
tenDiitncters  destined  to  measure  very  intense  degrees  of  cold, 
|faalphide  of  carlxjn  ia  highly  iiiflajiimabic,  and  burns  with  a 
^■De,  producJug  sulphurous  and  carbonic  netd  gases.  Itdis- 
Biil|>bur  freely,  and,  by  spontaneous  evaporation,  leaves  it  in 
^M^slobcdra.  Fho^phoriis  is  also  freely  dissolved  by  it,  nnd 
^^^puitnl  in  crystalA  from  the  solution  by  slow  evaporation. 
^^Hkatuo,  and  cliloiinc  arc  likewise  readily  dissolved  by  the 
HRof  carbon,  Biitulphide  of  carbon  offers  one  of  the  best 
^puns  of  thu  analogy  in  prupcrtios  between  oxygen  and  sul- 
^bii  aiiulumr  which,  ibuiigli  far  from  being  so  complete  as 
B  tbu  dilTurcnt  halogens  with  luich  other,  is  yet  in  aome 
B  of  n  Mrikiitg  character.  It  is  to  be  remarked  that  snl> 
H^^c  u<i1t  nou-metidlic  element  excepting  oxygen  with 
HIBmi  ran  be  caused  to  unite  directly.  The  compound  of 
^kwl  sulphur  BO  obtuincd  affords  a  good  instance  of  the  class 
K  liich   IVrxt'liiis  has  called   tmlphur-acidg,  these 

^,  .  ug  the  power  of  uniting  with  the  eulphtdcs  of 

^p-  .  -  ^f  carbotiio  scmIW  tslieo  uC,0,.  thst  oriiUtilplikl«  of 

K.  ',,  iiad  lUo  oiKnlnaiiig  volume  ofiu  vajiour  will  be  4  iui«ail 
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the  baaic  mtbtla,  nnd  fonniiig  witli  thi^m  tulpho-tatls,  correflf 
ing  in  composition  to  aualogous  salts  which  coiiiiiin  oxygcu  :— - 
Bisulphide  of  carbon,  for  example,  majr  be  regarded  as  the  ana- 
logue of  csrbonic  acid ;  it  coutains  %  atoms  of  sulphur  iu  the  place 
of  3  atoiiia  of  oxj'i^eu,  the  coin|>oaiLiou  of  the  compound  being 
tlic  foUowiag : — 

tj  ntiKi,  Hj  rol.  Rp.  (i,  np. 

Csrhon  C   ^    6  or  i5'J9        a  or  ro  =:  €'4146 

Sulpliiir  S,  =  33        84-31        3        1-0  =  31117 

^a^'""'!^'^  ^  ~  ro=r^ 

It  combines  vith  the  aulphideit  of  the  alkaline  metals,  forming  a 
8pccie«  of  salts  which  ore  called  tnipho-carbimattt,  such  for  instaoce 
ta  the  sulpho-earbonate  of  potassium  (KS,  CSj),  which  contaim  3 
atoms  of  sulphur  in  the  place  of  the  3  atoms  of  osygeii  in  the  cor- 
reapondiiig  carlmnatc  (KO,  CO,].  The  soluble  stUpho-carlKKiaUs 
arc  easily  converted,  by  boiling  their  aqtieous  solutions,  into  car- 
bonate of  the  nietaliic  oxide;  water  being  decomposed  whilxt  an 
CTOlution  of  salphurcttcd  hydrogen  takes  place;  for  example  : — 

KS,CS,  +  3HO  =  KO,CO,  +  3HS; 

and  a  nmilar  decompoMtion  takes  place  slowly  in  the  aqaeau 
eolntion  at  ordinary  temperatures.  Solutions  of  the  sulpho-car* 
hooatcs  of  the  alkaline  metals  give  a  brown  precipitate  with  soli* 
tiunii  of  the  i>ult«  of  cupper :  they  yield,  with  dilute  solutions  of 
nitrate  of  silver  aiti)  of  corrosive  tmblimate,  yellow  precipiLUca; 
and  with  salts  of  lead  they  give  a  red  precipitate.  All  tlicc« 
cipitatcs  blackou,  more  or  less  speedily,  when  ke]>t,  owing  to 
conversion  into  sulphides. 

The  statement  of  Baudrimont  that  a  protoaulpliide  of  cariwn 
corresponding  to  carbonic  oxide  may  be  formed  by  passing  tbc 
vapour  of  tlie  biHulpbide  over  healed  pumice  stoii«,  lias  been 
found  by  Playfair  to  be  erroneous. 

(359)  Spbchlokiiik  or  Svlphur  (SjC!=67-5).  Sp.  Gr. 
Liguidt  r62Ji ;  0/  Vapour,  4-;o;  Roiling  Pt.  a-8o°.— Chlorine 
and  sulphur  form  two  rompounds  with  each  other;  Iboy  comhioB 
gradually  at  common  tem]»erature«,  hut  if  hi-atvd  together  the 
union  is  rapid.  In  preparing  the  tnbcAloride  of  sulphnr,  the 
armngement  shown  in  Fig.  387  may  be  adopted,  in  which  a  steady 
CJirrent  of  washed  and  dried  chlorine  is  directed  towards  the  bot- 
tom of  a  retort  containing  niettcd  sulphur;  the  rcsultiug  chloride 
mu«t  be  collected  in  a  perfectly  dry  receiver,  kept  cool :  it  may 
■ritied  fiT>m  excess  of  chlorine  by  redistillation  from  pow 
^hur :  a  ycUow  t^latile  liquid,  of  penetTatiug,  peculiar. 
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V  odour,  i»  tlius  foniiwi.     It  cmitu  fumes  on  exposure 
LUTj  uwiug  b)  tU  action  on  the  atmgsplicric  luoUturc.   When 

Via.  >S]. 


Ltito  wfttef,  it  fiilU  to  the  bottom,  nn<l  U  >lowly  decoai> 
"icliloric  Slid  sulphiuroua  wids,  mixed  with  flomc  of 

.; ^    iu;tdii,   aiul   tno  sulphur    lu  the  dectro-poiitive 

!  It  acts  poworfulty  on  mcrciuy  vrhcn  brought  iolo  contsct 

iiMiUi's  tulphur  freely  ;  with  niamouia  it  combines 

,    .  uoriB.,  fcinniug  the  com|)ound»  IIjN,  SjCl,  and  i  H,X, 

oxjrchloridi*  of  aulpliur  (SjCL,Oj)*  is  obtained  iu  cr}-s< 

■  moiiit  clUuriuc  through  the  sulichloriilc. 

i.l      _;       ifihvr  {S<;i  =  ,5r5;    Sp.  Cr.  of  Lt/juiJ,   r6i5) 

Iftimio]  by  fifltuntiug  the  preceding  compound  with  chlo- 

b  a  rl(.-t')>-r<'il  Ii']tiiil,  which  fmiies  etrongly  iu  the  air,  and 

ip<i»cfl  in  the  ilircvl  rays  of  the  son  into  subcblondc  of 

r  aai  (rve  clitoriiie.     It  ia  partially  decoraposcd  hy  boiling 

"     fats    eUbonitc    examinntion   of  these  compounds 

'I.,  cvi.  191),  even  denies  ita  eiisteooe  aa  a  separate 


r  ttOwr  oijoUoriJiM  of  sulpbor  ars  also  koown.  odd  the  titoride  qf 

1-  ■■   l!>  KuljibaTOaa  acid  in  vbicli  ODf-half  of  the 

It  II  a  MtlouTtrai  liqnid,  whiob  boils  «[ 

'fniKMuii;  peDl«cltlori(l«  of  photphoms  hy 

[he  ot)i«r   conpovixl   baa   alrMwIy  Iiikv 

.:   to  siiltihuric  arid  in    whicli  aa   atom  of 
"  oquiraleat  of  cUoriao. 


190 


BiscLrniDC  or  KITUMEX — SELEKIDH. 


hnAj,  rc^nrfliiif;  tli<^  red  liquid  as  «  mixture  of  tlie  aiibeUi 
a  liif;hcr  cliloriilc  ofaiilphur  (SCI,)  not  yet  isolatal. 

The  drofniVeAof  t>ul|ihurai«  lir|uids  ■nalogous  to  tbo 
Tlie  tHbiodide  (S^I)  is  a  crystalline,  brittle,  steel'grey  w 

(31S0]  BiBULfHiDB  or  NiTiooKN  (S^N;  Fordos  lod  C 
dt  CAimie,  III.  xxxii.  389). — Tliis  oompotind  is  olitaj 
rliloridc  of  Bul|>lnir  i»  dixeolvctl  in  to  or  i  a  times  its  bul 
pliidc  of  ourliou,  nod  decomposed  by  a  current  of  dry  ai 
gas.  The  gUB  is  trniimiitlnl  till  the  browu  colo\u-  of  tl 
tatc  which  is  formed  disappears;  the  yellow  liipiid  is  fill 
the  muriate  of  ammonia,  and  left  to  spoDtaneous 
beuutifiil  golileii  yellow  rliombic  cryttaU  of  8ul|iliide  of 
mixed  with  cryst«l»  of  sulphur,  arc  s|jccdily  formnl ;  th 
may  be  rcoioved  by  digestion  io  cold  bii>iilphide  of  carb 
rvactioa  which  attcuds  its  fomiatiou  is  Tcry  complicated 
ot  bci'ii  (•oiiipietcly  aseertained.     Sulphide  of  nitrogen 

^powerfully  by  pi-rcui>»ion,  and  explodes  when  heated  to 
lias  a  faint  odour,  adheres  Btxouglj  to  paper  if  rubbrd 

Urritatei  the  mucous  mcmbrenc  of  tbo  eyes  and  no»e  most 
liaulpliidc   of  carlmn  takes  up  about  i^-.^ih  of  its  we 
boiled  upon  it ;  alcohol,  ether,  and  oil  of  turi»eiitioe  di 
gly ;  water  does  not  dituKtlvo  it,  but  *>luwly  dcoon 

^Dompound.    Bisulphide  of  nitrogOQ  combiucs  with  tlic  c 
sulphur  ill  aevemi  proportiona. 

Sulphur  occurs  alM>  in  a  few  compounds  of  orgtnie 
enters  into  the  mmpOMtion  of  many  foetid  roUtile  oib, 
A  nccesittry  ingredient  in  the  muscular  timuc,  ajid  ia 
important  structures  of  the  animal  economy. 


§  IT.  StLBKicH  (Sc=3975). 

Specific  Craviit/ «/  Vapour  at  1900*,  6'37  ;  e/Crystc 
C'omi.  Vol.  at  1900"=!. 

(3'Si)  Selexivu  is  n  rare  elementary  body,  divoi 
the  year  1817  by  Derxclius  iu  the  rcfiue  of  a  •ul{ibiiric; 
factory  uc-ar   Fahlnn.     It  derives  its  chief  int- 
niBi-kable  nnnlug}-  to  wulphur  wfaicb  it  prr*ent».     o 
'  occurs  iti  combination  ;  the  compound*  whiHi  it  fa 
tflrniftn,     llie    native    »clriiicU*    are   very   rare 
most  abundant  of  them  bcin^  the  selcuido  of  iron, 
•tircr. 
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Preparation. — In  order  to  obtain  Releninm  in  an  isolated  form, 
Fklilua  selenium  residue  U  mixed  with  nitrate  and  carbonate 
rpolitth,  and  deflagrated;  that  i%  toi»ay,  the  mixture  is throwu  in 
iiiU  quantities  at  u  time  into  a  red-hot  crucible,  in  which  it 
a»  rirtdly.  The  Kelenium  and  othor  bodii;^  niih  which  it  is 
nociited  are  oxidized  at  the  espouse  of  the  oxygen  of  the  nitre. 
de&ic  acid  is  formed,  and  by  uniting  wjtlt  tbu  discngngi-d  potnsb 
i  dm  uitrei  a  scleniate  of  potash  is  produced.  The  maM  i* 
;nt«d  in  water,  acidulated  with  hvdrochlonc  ncid,  and  ci-apo- 
Uldown  to  a  amall  bulk.  The  seleuic  acid  is  thun  reduced  to 
dmiiKu  acid  (363),  «id  the  sclcnious  acid,  when  treated  with  a 
oneM  of  stilphuroufi  acid,  yields  a  precipitate  of  n^duoed  xelu- 
Bnu  a  red,  ttocculont,  amorphous  powder;  SeO^  +  aSOj  be- 
meat;  Se  +  3  SO,. 

fmpa-tina. — Selenium  may  be  obtained  in  the  amorphous,  in 
fttfitreoua,  and  in  the  crystalline  condition.  When  culleclc;) 
Mil  dried,  the  (mlvcmlcut  Bclenium  begins  to  soften  at  a  tempera- 
hucIkIow  that  of  boiling  water,  and  at  a  few  degree*  above  211* 
t  ndts ;  on  cooling,  it  forms  a  brittle  solid,  with  glassy  fracture, 
artillie  luatre,  and  deep  brown  colour,  varying  in  stpocific  gravity 
fwm  4*3  to  4'8.  It  has  neither  taste  nor  amcll  j  it  is  insoluble 
in  »*kT.  and  is  n  non-couductor  of  boat  and  of  electricity.  Il  is 
kUIc  in  oil  of  vitriol,  forming  a  green  solution  wliicli  when 
Cuted  deposits  unaltered  Kelciiinm.  Wlien  rocltcd  it  i«  ductile, 
sudmsy  bo  drawn  out  into  fine  threads.  The  statements  regard- 
ing itt  point  of  fusion  arc  discordant,  owing  to  itit  power  of  exist- 
i^,  like  sulphur,  in  several  distinct  modilicationa.  If  it  be  main- 
Uiued  for  noiuc  liourit  at  200°  F. — i.e.  below  its  melting  point — 
^k lempcrature  suddenly  riaea  till  it  reaches  320"^,  after  which  the 
^^"'jtri  ia  found  to  have  become  granular  and  crystalline.  The 
i;  i'uint  of  tUia  variety  is  425°  (Hittorf).  It  may  al.io  be  ob- 
jteed,  with  some  diOicuIty,  crystallized  in  minute  rhomboidal 
nnBDS  of  »p.  gr.  4*5,  from  its  solution  in  bisulphide  of  carbon, 
*liidi,  at  its  boiling  point,  dissolves  alx>ut  i  per  cent,  of  vitreous 
Niaiiam.  If  theae  crystals  be  heated  to  about  334"  they  become 
lAnost  black,  am)  increase  in  sp.  gr.  to  47,  experiencing  a  mole- 
I  ojbr  cbaoge,  in  ponsequence  of  which  they  are  no  longer  soluble 
.abiMilpbide  of  carbon;  when  this  black  mass  is  melted  and 
I  (nckly  cooled,  it  resume:*  its  solubility  in  this  menstruum 
;  (ting  to  its  rceonveraion  into  the  vitreous  condition.  Whoa 
Wtnl  in  the  air,  wleniuni  does  not  readily  take  fire;  it  barns 
nib  a  blue  tlame,  but  a  portion  of  it  is  volatilised  in  red  fumes, 
tnitting  an  odour  rcsembUug  that  of  bisulphide  of  carbon :  this  is 
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ftdbMj  Au  to  tlie  rormalion  of  a  protoxide  oT  ficlcntam.w 

wtH.     If  li<.-atc-il  in  cimcd  vessel!),  selenium 

bctov  a  m\  bent,  and  gives  off  a  deep  Tello 

i,  BroDrding  to  Dcvillc  and  Tioo&t,  is  of  *p.  gr.  S'l 

vbicti   when   krated  to   1900°  F.  cipauds,  as  in  lli 

kar,  till  it  occupies  a  bulk  cqnal   to  that  of  ao 

^msjlgm,  whoa  it  luu  a  Kp.  gr.  of  6*37.     Tho  vapour   cui 

ltd  Bowvn  or  in  oj^uc  mctallic-lookiiig  drop*.     Scl 

aeidi  vritb  oxygen ;  llio   lir»t  corrceponding  with  s: 

t^  «ecood  with  sulphuric  acid.     There  i»  also 

oxide  than  MleniouR  acid  proilitccd  during  the 

'wktuUBi  in  air,  to  which  ita  peculiar  odour  is  duo, 

n  nokuowii.* 

(361)  SKLVMOtta  AxtiTDRinB,  or  Sfleniotu  Acid  (Se( 

S^  Gr.^  r(V«""4*oj)  may  be  obtained  by  bijniiiig»c]i 

V         ••  :if  oxygen,  bat  it  is  usually  prepared  by  boiling 

..  .u'  atid  or  with  aqua  re^a.     The  selenium  i« 

Itudiaitl  aitd  diwilvnl;  the  exce«s  of  nitric  acid  may  b( 

jhe»l.  Irnviitg  the  M-lcoious  anhydride  as  a  white  nil 

oot  uiell  on  further  urging  the  lieat,  Ij«t  euhliiuns  t 

iNKuit  IkvouiifC  11  yellow  vnponr,  and  condenaing  again  tn 

i«tw»-whitc  prinniatic  needles.    1'he  cr]-Htal)<arcdclique90( 

IwviM  M>)utioa  is  strongly  acid,  and   baa  a  aonr  biini 

■cid  is  sjwrdily  dcoxidincal  by  iron  or  by  Kinc, 

when  digcslMt  in  the  acid,  occnsions  the  depotiti 

iMu  iu  the  fi>rni  of  a  rcddisluhrown  powder. 

JthaiftT      *'•"'  of  tl'C  «elcnitcs,  except  thoM-  of  the 

WIimi^Wb  in  water,  hut  soluble  in  nitric  acid.    With 

tK*w  ihsin  of  ults  arc  formed :  neutral  seleiiitcf,  whi 

•f  scid  to  I  of  base,  like  seienite  of  soda  (N* 

th  :  r<iuivalc»(s  of  acid  to  1  of  base,  like 

'(),  1  S<-0,  +  a  Aq);andqtiailri»Flcm(4!8,  with 

ii.  I  of  tuMc,  like  (|iiadriM-Ienite  of  soda  (N 

Thv  •rluiitcs  arc  easily  recognised  when 

.!<  the  blowpipe  in  the  mlucing  flame  by 

.   'n  whiub  tber  cinit :  the  selenitcs  in  aolu' 

.<liui4in»  add,  give  a  reil  dish -brown 

I.)  liiO,S«0,«9  +  63-7).-~'rhiB 


••  uiii  K^niM  tK-nM,  ••  luvli «  wuiij  tiiea  tM  < 
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aiilijilrviiu  farm.     Its  sututiou   i»  beat  oMniim]  1i/ 

•cU^iiiim  or  uay   seleuitc  witli  iiitiv;  liiL- rciiiiliie  is 

iu  water,  unci  taJxal  with  a  solution  oruitrate  of  lead; 

!ablc  sc'cniutc  of  lead  is  ]>rcci{itliLtO(},  mul  tlii«,  if  xuspcnded 

',  may  !«.■  >!(voiii{kmcm)  hy  a  currout  of  ouliihuretu'd  liydrv- 

nlp}iidi?  nf  lead  is  tliu&   formed,  and  *deaic  Kcid  is  set  at 

PliO,  SlO^+  «S  =  H0,  ScOg  +  PbS.      The  acid  may  he 

hj  filtratiou,  aiid  con(?eiitr»t«il  \iy  rvaporntioii  till  itiuu 

enrity  of  3*6 ;  if  healed  beyond  jjo°  it  is  deeoKi|>oscd 

ioiiB  odd  Aud  oxygen.     Setenicacid  di«KuIro»  oop|ici-  nud 

if  txiili-d  uiHin  thcec  motais,  which  urc  oxidiii-<I  nt  iho 

I  of  the  acid,  selenioiis  ucid  being  diM.-ngagcd  ;  pUtinam  is 

d  hy  it.     Sulphurous  acid  is  without  effect  ii|>onHrl(-nic 

hydrochloric  ikciil   dfcomiiowst  it  when  hcnU.'d  with  it, 

uid   M-Ifuious   acid    being    liberated;     HU,S<;<)^  +  I]C1 

HO,S«0,  +  nO  +  CI.       Sflcuic   acid   closely   resembles 

avid    ill   iu   |iro|)erties,  and  its    salts  are   iaoaiorplious 

tes  of  thr  ruinie  boues. 
...~.  — SoIutioUB  oftlie  »eleiiiates  give  white  precipitates 
of  Itaryta,  of  stroutia,  and  of  Icoil,  owing  to  the  I'orm^ 
Jubic  eclcniates  of  tlic«e  I>aaea.     The^e  precipitates  aro 
ill  liduted  nitric  acid.     When   the  soluble  sclcoiates  are 
hydrochloric  acid,  selenic   arid  is   liberated,  and    is 
ho  the  form  of  M;lcuioii»  acid:  sulphurous  acid   will  then 
rL-ducod   selcuiuin  from   the    Hulutiou.      Sclcniatc  of 
tio    simiUrly    decomposed,  and  may    thus  be  dia- 
tram   the  Hulphnte  of  Inryla.     When  heated  ou  cliar- 
irv  the  hluw|>ipe  iu  the  reflueiiig-Ramc,  the  sclenialea  emit 
tcrislio  odour  of  kIciiiuu). 

Skuohitkxttbd  IlvDitoAKN;  Hi/droselane  Add  (HSe 
Sjt.  Gr.  a7v5. — This  buHitaoce  is  a  colourlei'»  [jas,  which 
hydrcMulpburic  ncid,  but  its  odour  is  more  oflenuve. 
tbund  that  by  the  application  of  tlic  do»c  to  a  bubble  of 
larjfcr  than  a  pea,  he  wait  deprived  of  the  sense  of  smell 
buura.  I'his  gas  is  soluble  in  water,  and  precipitates 
from  their  salts  io  the  form  of  uleuidcs.  Its  solu- 
U)  the  air,  absorbs  oxygen  and  dcpuHils  ^'Icniuni. 
nf  cerium,  zinc,  and  nianganioe,  arc  llvili-colonrcd  ; 
ic  othoM  arc  black.  Seleniuretted  hydrogen  is  obtained 
UD  wlcnide  of  potassium  or  of  iron,  with  diluted  hydro* 
aulphuric  ocid. 


l&l 


§  III.  TELLtTRitM  CTc=64-5).  Sp.  Gr.  6-6s.] 

(364  a)  TBLLi-Hirii  is  ft  rare  sub&tance   found  cbit 
nineB  of  tlunguy  and  Tr&iisvlv»iiia,  occutonslly  ustire  1 
|)iire,  Wt  generally  combined  with  vtinotiH  metal*,  ftuch] 
silver,  bismuth,  copper,  or  lead ;  it  is  usimllj  alw  aocoiti| 
aitmlt  (inaiitilieH  of  arM!iiic  and  wcieuium.     lt»  nioKt  con 
is   the  black,  foliated  tcUunum   ore  of  Xac^ag,   vt]iicli| 
about  i,{  ))cr  cent,  of  tellurium  in  the  form  of  tclluridc 
Ic«d,  and  silver,  milled  with  sulphides  of  anliinonjr  lud 
Riny  he  extracted  frum  thi«  mineral  by  digntion  of 
powderod  ore  in  hydrochloric  aeid,  nhirhreinovfl&  the  *v 
brad  nnd  un(iinoi\v ;  the  residue  i!>  wiu>hcd  and  healed 
»cid,  the  solution  of  nitrate  of  tcUunuiu  i«  decaiiti;*!,  e^ 
to  dr}'nn«,   nnd   treated  with  hjrdroehloric  ncid,  alter 
tellurium   is  thrown  down  as  a  htnnn  ))owdcr  by  the 
Aulpliitc  of  Audn  to  the    aeid  liquid.     For  udililioiin) 
n-^nltng  the  extnietion  of  tellurium,  tlie   rciuler  u 
the    I^hrbnch    of    Bcrxclius    (Gcrnino    edition,    1844,] 
p.  229). 

Proptrfir$. — )Toet  English  irritera  on  ehcmiatry  cli 
KnoufC't  the  metals.  It  [ifpseiits,  however,  a  elosc  ut 
sulphur  and  E^-lenium,  thougli  it  poMcsses  a  hi)jh  melalll 
and  resemble*  bi*muth  in  colour.  It  faie*  ItelwtHii  800^  1 
and  at  a  hijrh  t(-nii«Taturc  it  is  conrrrtwl  into  a  ydlo< 
nnd  may  l*e  dialilted.  The  distillation  is  beat  oondii 
heating  the  tellurium  rciy  strongly  in  a  i>orccbiin  tube,  1 
mitting  a  ctiriTiit  of  dry  hydrogen  ga*  mi-r  il ;  thu 
teiliirium  is  thus  mcclinnitaily  carnt-d  I'orirai'd,  nnd  it  it 
in  drops  and  flexible  cryatallitie  ueedhw  t»  the  ooolcr 
apjiaratus.  According  to  Mii»chcrlieh,  i  ■" 
after  fusion,  cxbibitH  a  thuuilwhedral  •  ■  ■ 
which  apiiears  to  indicate  its  isotnorphiam  with  arsfbiei 
muny.  Tolluriuni  i"  a  Imu)  eundnrtur  of  hi-at  ui"' 
W^hen  hcaliil  strongly  in  the  air  it  tAke«  fire,  ifv. 
Aanio  edged  with  green,  imd  rniiu  a  pceuliar  chandr 
wbilit  thick  nhite  fiuncs  of  tellurous  ii' <  ' 
•ulphur  luul  wlcnium,  telbirium  >■  Mibi 
•uljiburie  acid,  to  which  it  gives  n  fine  purpJo-rrd  cult 
lluu  it  in  pri-cipitatM  unrlituiKcd. 

Telluriuin   I'orma  two   osidcv,   (TeO.  ;Ti' 


rXLLrnOl'lt    AKD   TBLLCIttC    ACIDR. 
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in!iil  ctiarBCtcrs,     They  correspond  tn  compoeition  to  suI. 
uid  •u][>l]uric  add.* 

jS^i]  Tf//h/-dw*  Writ/ (TcOj=8o-5).— Tellurium  U  readily  dia* 

fa;*  nitric  itcid  of  %p.  gr.  1*^5.    If  tiiu  Miliition  be  pourctl  into 

-    'iatirlj-.nwliitc,  bulky  hydrate  of  tollurous  acid  subsides. 

-olutilu  ill  n'ut«r,  rcddcuN  lilmux,  and  combine*  with  the 

\aM-M ;  time  compounds  are  soluble.     Telluroiia  acid  Iia& 

inctallic  taste :  it  may  be  obtaiited  in  the  anliydroutt  form, 

itly  beating  tbe  hydrate,  or  by  boiling  the  nitric  acid  sola- 

I  when  it  is  deposited   iti  m'i>t»llino  luvdlc*,  which  arc  very 

[:aoli)bb;  iu  water.     Tlie  anhydride  fuses  caaijy,  forming  a 

lit  f;la»s,  which  is  yellow  white  hot,  but  bocorai:*  white 

tulline  00  coolinfi;.     Tellurnuii  anhydride  posNisses  cousi* 

'  -l-iil!ty  :  if  fused  with  potaah  it  combine)!  with  it.     It 

:■%  with  the  aeiiU  like  many   of  the   metallic  oxides 

TO  acid  jirupcrtiuH  :  thcM;  sajta  have  a  ini-lnllic  taMtc,  and 

(o  set  (lowvrfully  iut  eiiietics.     Ita  acid  character  is  Tcry 

and    ita  basic  property  is  not  more  strongly  marked :  it^ 

l«ilh  oxalic  and  tiirtaric  arid   are  soluble.     AW  the  solnblo 

in  whidi  tJiis  oxide  acta  aa  a  base  arc  dccom[>08cd  if  mixed 

bfdntdiloiic  aeid   and   heated    with    sulphurous    acid:    re- 

nriuiii  is  precipitated  under  thc^c  circumstances.      With 

ed  bydrogcu  a  black  sulphide  of  tellurium  is  pruduced. 

Aeid   (TeO,  =  88*5)  is   obtained  hy  gently  heating 

or  tollurous  acid  with  nitre.     A  tellunU«  of  potanh  is 

frntn  whidi   the  acid   is  transferred  to  baryta,   and  the 

ae|iarstcil   by  iiiilpliuric  ucii).     It  crystallises  in  striatal 

prioma,  which  have   a  nanscous  metallic  tmste;   they 

a  fe<cblc  action  on  lilmuD.     Thcoe  crystals  arc  composed 

0,.  ;  HO.    If  heated  nearly  to  rexlue^  they  become  anhydrous, 

limn  an  orangc-ycllow  colour.    Thin  anhydride  is  eom- 

' '-'  in  water,  and  in  nitric  and  hydi'ochloric  acids,  a> 

1^  solutiuna.   TcUuriv  acid  has  but  a  feeble  affinity 

Imt  It  furin^  uilta  which  contain  1,  3,  and  4  atoms  of  the 

-'1  atom  of  boae.     Laurent  suggots  that  tltcae  dilTerGut 

I  u  prnlmlily  contain  ditlereut  modi&cattona  of  the  acid 

iiic  and  mctaatanuic  acida  (678).    Their  solutions, 

:,  yietd  a  black  precipitate  with  i>ul])hu netted  hydra- 

Wh^rn  telluric  acid,  or  ouc  of  its  salts,  is  heated  to  redness, 


I 


'■m  itoalitf  Hip  fnniiula!  of  aul  pbiiroiu  nnd  Mlphurie  nAA.  oxii-iid 

— — ..rtniii!(  of  lelluhum  mill  asjuait  Idlurwm  nvid 
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(Htjrgea  U  disengaged  and  Uie  telluric  is  converted  into  tell' 
acid. 

Two  chloride*,  TeCI  and  TeCtj,  tiave  been  obtained   by 
direct  action  of  cbloriuc  upon  tellurium  ;  botli  of  tlicro  arc  voU: 
tliv  vB[>our  of  tlic  protncliloi-ide  ia  of  a  violet  colour ;    tin 
di-composcd  by  a  large  quantity  of  water. 

(364c)  Tbllitkkttkd  Hvi>rorbn  (TeH=65'5);  S/i.  Gr.  4' 
Comb.  VoL  2. — The  most  interesting  compound  of  tclluriui 
tliut  which  it  forms  with  hyitrOficii.  It  b<  &  gattix>us  body  an. 
gous  to  sulphuretted  hydrogen,  and  is  pobscsscd  of  feebly 
projierties.  It  may  be  obtained  by  decoinponing  the  alloy  of 
luriuin  with  zinc  or  tin,  by  uieanR  of  hydrochloric  acid.  The  p 
whicji  escapes  bums  with  a  blue  flame;  it  reddciiH  Ittmus,  U 
ha4  an  odour  which  cannot  be  diatinguialicd  from  that  of  &ulp1ti 
retted  hydrogen  :  with  water  it  forin«  n  oulourless  solution,  whk 
becomes  brown  by  espoimre  to  the  air,  owing  to  the  oxidation  1 
the  hydrogen  and  ^eparaliun  of  telliiriuin.  Tellurcttrd  hydrogi 
preripit^tui  ino«t  of  the  nn^tula  from  their  solutions,  in  the  fona< 
tcllurides  which  have  a  close  analogy  with  the  oorrcepoadia 
sulphides.  The  tcllurides  of  tlie  alkaline  metals  are  «olub)e  i 
water. 

Tclhiritim,  whether  in  the  form  of  a  sohibie  tcltuntc  or  in  tin 
of  a  tcllurate,  ia  thrown  down  from  its  solutions  in  the  redoa 
form  by  Kinc  or  iron ;  neutral  solutions  of  Uie  wits  of  both  t 
acids  arc  also  reduced  by  protosul  phate  of  iron  and  by  protochlorii 
of  tin  ;  ill  thc»e  CJtsi-s  the  tellurium  falls  in  hrown  tlocculi. 
tclluratcs  of  the  alkalies  when  heated  to  redness  in  a  tube  wtii 
charcoal  are  reduced  to  tellurides,  which  'mc  soluble  lu  water, 
form  a  red  liquid. 

5  IV.  PnosPHoKua  (P=3i). 

Comb.    Vol,  0/  Vapour,  ( ;  Colcd.  Sp.  Gr.  0/  Vtqmar,  ^-^i 
Obatrrvcd  Sp.  Gr.  of  Vapour,  4'42. 

(365)  Paospttoatia  mm  discovered  by  Brandt  in  1669. 
TCr  wet  with  iu  nature  in  the  uncombined  stat«,  but  it 
lall  proportion  as   phosphate  of  lime,  as  a  constituent 
wimitire  and  vulcanic  rocks,  by  the  gnulnal   decay  of  which 
Nksaes  into  the  soil :  from  the  soil  it  is  extracted  by  plants,  wt 
r<ccuniu1at«  it,  particularly  iu  their  *ced*,  in  quantity  eufBcient : 
fclw  »up[iort  of  the  various  tribes  of  animals   which   they  supf 
With  food.     In  the  animal  system  it  is  collected  in  large  amoD 
lad  when  combined  with  oxygen  and   lime,  as  phosphute  of  lii 
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itonoA  the  principal  partliy  constituent  of  the  bone*  of  tlie  verte- 

Phosplioriu  aI«o  BjijH^n  to   Ik;  cwsciitial  to  tlic  cxcrcisG  of 

higher  fiiDctioiw  of  tlw  animal,  since  it  exists  as  a  iiever-fail- 

in^^dierit  in  the  tiiihitaiicc  of  which  the  brain  and  nerves  are 

pu*cd.     It  is  likewise   contained  in  albumen  and   in  fibrin  in 

proportions,  and  i*  prevent  ld  the  form  of  phosjthates  of  the 

and  of  tho  alkalies  in  the  urine  and   Holid  excrements  of 

nab. 

Prfparalion. — Phoaphonw  waa  originally  extracted  from  the 
its  contnined  in  nrinc,  but  it  is  now  obtained  almost  exclusively 
the  bones  of  animals.  In  ordf^r  to  prepare  it,  bonex  ur« 
to  whitcncs<  by  calcining  thcna  in  an  open  fire  for  some 
they  are  thp  i  r«duced  to  powder ;  3  parts  of  this  bonc- 
mi\cd  with  3  ol  concciitrnted  sulphuric  acid,  and  iK  or  20 
krta  of  water.  The  mixture  t*  allowed  tu  stand  for  two  or  three 
bys,  after  which  it  is  placed  upon  a  strong  linen  filter,  and  the 
Kid  liquid  is  separated  from  the  sulphate  of  lime  by  presiiiurc;  the 
Bndoe  i«  further  washed  with  water,  and  the  washings  are  added 
to  the  filtered  solution.  In  this  process  the  sulphuric  acid  i« 
\iieA  ia  snch  quantity  as  partially  to  decom|K)se  the  phosphate  of 
Ene ;  two-thinis  of  the  linic  »re  rcmovi-d  by  it  iu  the  insoluble 
fam,  as  sulphate  of  lime,  the  remaining  third  being  left  in  combi- 
■ution  with  the  whole  of  the  phoHphorie  acid,  with  which  it  forms 
seompoond  readily  solubte  in  water,  frequently  described  tt&  super- 
)kuphaie  0/  lime  [i  I10,CaO,POJ.  The  reaction  may  be  thus 
mreaed  in  symbols  : — 

^^^^«*uk.  Mph.  kU.  SDpirpha>p)i,  linK.  Sulph.  limt. 

"  CaO,PO[  +  aTHO^Soi  =  aTloJaO^s  -f  zljCaO^SO^ 

tiaa  acid  solution  is  evaporated  to  the  consistence  of  a  syrup, 

Aaa  mixcxl  with  onofourtli  of  its  neight  of  charcoal,  and  heated 

b  indiiieot  redness  in  an  iron  pot,  stirring  cnnstautt}-.     The  mass, 

>bea  dry,  U  transferred  to  an  cartlicu  retort  (a,  fig.  388),  which  is 

■rered  extenially  witli  a   thin  pa-^te,  ooiutisting  of  a  mixture  of 

Ifoal  parts  of  Ixirax  and  fire-clay,  with  the  view  of  rendering  the 

Mart  low  porous.     It  is  then  exposed  to  a  boat  which  is  slowly 

Kind  to  a  foil  red.     Phosphorus  gradually  rises  in  vapour,  and  is 

tateycd  by  mcaiiR  of  a  wide  cop[K!r  tube,  bent  as  at   i>,  so  as  to 

Mf  into  water  eontmnc«l  iu  a  vessel  provided  with  a  smaller  tube, 

ifn  at  both   ends,  for  conveying  the  uncondeoNcd   gases  into  a 

itstaey.     The  phosphorus  is  condensed  in  yellow  drops.     In  this 

klcntioa  it   is   found    ncceisary  to   convert   the  |))i()sphate    into 

uofierpbosphate  of  lime,  since  the   bone-ashj  when   heated  vritU 
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point.  If  it  contain  imparities,  such  as  oxide  of  phosplionis,  it 
tJikcs  lire  still  mure  i:a»i\y.  Great  caution  h  therefore  required 
in  hatidling  it;  it  is  better  always  to  cut  it  under  vratcr.  Tho 
borus  occasioned  hy  melted  phosphorus  arc  deep  and  olica  ex* 
,  trem«l]r  severe,  from  the  difficulty  of  exlinguisliiug  the  flame. 

Phosphorus  hurai  with  a  brillixtit  white  fUmc,  and  emits  dense 
■bile  fumes  of  phosphoric  acid.  Iil  closed  vessels  it  boils  ut  about 
Jjo*,  giving  off  a  colourless  vapour,  of  which  loo  cubic  iuches 
;h  about  135  graimt.  An  ctpiivAlcnt  of  phosphorus,  therefore, 
iim  olf  a  Tolnmc  of  vapour  e<]ual  to  that  of  an  eiiuivalent  of 
oxTgim ;  and  according  to  Dcville,  no  alteration  in  the  relative 
voltunei  of  the  two  is  eSeeted  hy  a  temperature  of  1900°.  Pbos. 
phonu  is  insoluble  in  water;  it  is  Nli^htly  soluble  in  ether,  but 
more  so  in  buiucol,  in  oil  of  turpentine,  and  in  the  fixed  and  esseutial 
iitk.  It  ia  also  freely  di>Miolvcd  by  subcldoride  of  sulphur,  and 
hf  tbe  bisulphide  of  carbon ;  by  allowing  its  solution  in  one  of 
Uwse  liquids  to  fall  upon  filtering  pnpcr  in  the  0|>c»  air,  the  finely 
pb"«phorus  aWirlw  oxv^tMi  no  rapidlv  that  it  takes  fire  11* 
as  the  tujlvciit  has  evaporated.  If  the  solution  be  allowed  to 
rrtjiontte  slowly  in  a  current  of  hydrogen  or  carbonic  acid,  the 
liluisphoruA  may  be  obtained  cri'^tallizcd  in  rhombic  dodccnhedra. 
rbospborna  is  always  pri-«:neJ  under  water,  for  when  exposed 
to  the  air,  at  all  temperatures  above  j2°  it  gradually  combines  with 
otjgea,  and  uiidergoei>  a  slow  combustion;  under  these  eircuni- 
rtaneo  in  a  darkened  room  it  emitA  »  pule  greenish  light  (hence 
i'.*  name,  from  ^ uj^  '  light,'  f  o/voc '  bearing'),  attended  with  the  i>n)- 
ductioa  of  the  white  fumes  and  the  garlic  odmir  already  mentioned. 
Thir  luminosity  of  pho^pliorus  is  prevented  by  the  admixture  of 
(crlain  iDflammablc  vapours  and  gases  in  minute  quunlily  with 
tie  atmosphere ;  if  air  he  mined  with  either  ,;„th  of  its  bulk  of 
'''*''*''*  K»*»  ttVs*^  of  naphtha,  or  nSftb  of  oil  of  turpentine,  » 
toA  of  pboMjphorus  no  longer  oppeiirv  luminous  when  exposed  to 
it*  action  (Graham). 

It  is  remarkabh;  that  in  pure  oxygen  the  luminosity  in  not 
"'■oTDd  ttntil  the  tem^terature  rtHe«  to  60°,  unless  the  gas  be 
■mcfied,  or  be  diluted  with  some  other  gas. 

BerscliiiB  states  that  phu^pbnruH  may  become  luminous  nt 
ordinaTT  temperatures  without  undergoing  oxidation,  but  dmply 
fnta  its  Tolatilixation,  and  that  the  emiitsion  of  light  occurs  in 
I  'l^'ogwi,  nitrogen,  and  even  iu  tho  vacuum  of  the  barometer ;  but 
Sehnitler  liaa  shown,  by  careful  and  conclusive  experiments,  that  in 
|daw;4wherc  light  appears  to  he  emitted  during  this  volatiliEstioti, 
nit  due  to  the  presence  of  traces  of  oxygen  (CAcm.  Go;.,  vi.  311). 


soo 
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{366)  Vifffrenl  formi  of  Photphtfnu. — Plioapboni 
Mveial  diRViriit  forniH  uuder  the  influeiico  of  catwn 
trifltit^.  Tbo  tranaparvnt  rnridy  has  been  olfeadj 
thiH,  when  kept  exjinwd  to  light  under  water,  assatna 
Jbrm,  which  is  white  and  opnqnc,  am)  M>nie«hat  Ic 
It  has  a  «p.  gr.  of  i'5i5:  white  phouphorus  becomea 
into  the  vitreoua  raricty  l>y  a  tpmpcrnturc  not  cxccci 
A  third  form  is  ohiained  by  Kiiddciily  coaling  melted  pi 
it  is  perfectly  btack  and  opaque ;  whilst  a  fourth  or  iri»ri 
ration,  nimtogon»  to  viscotiH  flulphiir,  may  t>c  obtaioed 
VL-ry  pure  phosphorua  to  near  its  boiling  point  and 
cooling  it.  A  fifth  form  occurs  in  the  nhapo  of 
which  are  ohtained  by  tho  spontaneous  Bublimation 
phorus  in  the  Torricctliun  vacuum  wImmi  exposed  to 
rthe  sun. 

Red  or  amorj>hotts  Phi^hona. — ^TT>c  red  form 
pbonis  has  beeu  carefully  studied  by  Schrdtter 
Vhimie,  III.  xxir.  406).  It  may  bo  obtained  bjr 
quantity  of  dried  common  phottpbonis  in  the  balti 
«,  fig.   389,  to  the  neck  of  wliich  n  long  tiarrow  txA 

Fie.  3S9. 


dowimard,   in    attached  ;   the  open  end  of  thi*  tul- 
n  little  mcrciu-y;    thn  aJr  in  the  fluak  ia   di' 
of  a   current    of    mrhuutc   ncid,    which    : 
hottla  K,  and  >I<'>'''I  by  poiung  through  t 
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rnlcium;    tlin   tul>e   U    tlieti    scaleil   nt    tlie   norrow 

«,  mill  l)ic  n|)|iuratuR  whicb  supplied  tlie  caibotuc  aciil  i» 

Heat   is   next  a|iiilied  to  the  flwk  by  iDcnns  ot  an  oil 

■    'pltorus   mtlt8   rcadilr,  but  by  regulating  the 

'  i-n  450*  and  4i5o°,  by  means  of  tlic  llicnnoiuL-tcr, 

ninuiaint;  it   Tor  30  or  40  hours,  almoat  all  the  pbofi- 

will  becixiio  <-iiiiviTle<l  into  t)i<>   xolid  amorphous  variety. 

the  change  appesTA  to  1>g  complete,  tlic  apparatus  it  nlloircd 

binulptiidv  of  carlmn  is  tbcu  poured  upou  the  mast  iu  the 

ml  ili|;c«tiN]   t>u   it  for  some  hours;  thi'i  is  poured  ofT,  mid 

■ulpbide  vldcil,  the  di^nlioii  bi-iug  repeated  as  long  as  any 

bonis  is  dissolved;   this  may  be  kuowu   by   allowing  a  fcur 

'1  j-niitcit  liquid  to  evaporate  spontaneously  iu  a  natch* 

v>olvi-<d  pboapbonis  irill  be  left  bebini). 

rvd  |>owder  of  which  the  undissolvod  portion  eonsists,  if 

Ircfi  from  unaltered  plioapborun,  take*  fire  »poulant-iiu«Iy 

to  the  air ;  if  quite  pure,  it  docs  not  take  Rrc ;   but 

I  oxygen  very  slowly,  the  oxiclatiou  being  more  rapid  if 

be  moist;  pUoepIiorous  acid  is  gradually  formed,  and 

[iqupHceut  character  the  jiowdor  hecomcs  damp.     Tliia 

oecurs    so  slowly   that  it  was   at  first  imagined  that 

phoDphoruH  underwent  no  ehungc  by  exposure  to  the 

be  higher  the  temperature  at  which  the  trausfonnation  is 

the  doe]K-r  is  the  colour  of  the  product,  which  in  the  finest 

ii»  riralfl  that  nf  vermilion.     Ily  heating  the  pboaphorus 

njcigly  during  its  {trcpsration,  the  change  may  be  produrett 

tepidly,  but  the  phosphorus  then  assumes  the  form  of 

lies,  which  arc  more  difficult  to  purify  sud  to  dctaeh 

bI  in  which  they  are  prepared.     Tliin  form  of  plio»- 

bcCD  mail  ulactu red  at  Binniugham  on  a  considerable 

Tbe  proccM,  iMWcrer,  ia  not  unattended  with  danger;  for 

powtter  be  heated  up  to  Uic  point  at  which  its  re-oon< 

jto  the   tran^pitrtint  variety  takes  place,  the  whole  maas 

Jy  psMea  back  luto  the  ordinary  form,  with  a  copious  otoIu- 

heat,  followed  by  the  Huddeu  formation  of  a  large  volume 

kspuur  of  pbubjiliortis.    The  changes  produced  in  phnHphoms 

Bioy  Im'  rrjtilily  watched  by  placing  a  few  fragments  of 

phonpKurus  in  a  tube,  upon  which  two  or  three  bulbs 

blmrD,  then  eicpelling  the  air  by  «  current  of  carbonio 

iOK  00(3  cud  of  the  tulio, — the  open  end  being  mada- 

llo   morcaty.     On  applying  beat  to  the   phosphoriu  it 

I)  cmtiuuinj;  to  raise  the  temperature  it  di^tih 

..:._.  ^vJuurlciM  trnnHpsrtut  dro/M,  which   firct^Ucudy 
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romuiii  liquid  for  some  hours,  though  they  ultimately  solidify 
tranf>]iareut  colourless  mass. 

Kc(i  or  amorphous  phoi^pliorus  differs  reninrlubly  in  many  oi 
properties  from  the  waxy*looking  slick  phoftphorus.  It  may 
exposed  to  the  air  without  emitting  niiy  odour.  It  is  not  Koluhle 
in  either  hiaulphide  of  carbon,  tcrchloride  of  phosphorus,  eg. 
bcnxol.  The  density  of  amorphous  phosphorus  txcccds  that  <if 
the  vitreous  form  ;  the  red  pDwder,  aceordiiij^  to  Bi-<>die,  tiaviug  » 
specific  gravity  of  a- 74.  It  may  he  heated  in  the  open  air  without 
change  till  the  temperature  reaches  500°;  at  this  point  it  mcltt 
and  bursts  into  llamt,  and  hums  with  the  dazzling  hrillianey  of 
common  phuMphom.^,  emitting  densie  fumes  of  phuKphorii:  w-iil. 
Chlorine  acts  dircetjy  upon  red  phosphorus  without  the  apphcs* 
lion  of  heat :  (lie  tcmperuture  rises,  hut  the  ph<»phoruit  iWai  imI 
take  (ire.  'Wheu  rubhcd  with  chlorate  of  pota-nh  it  dctouatei, 
very  alight  iriction  being  MiHicient  to  produce  the  itclion  :  peroxide 
of  manganese  ami  peroxide  of  lead  act  with  it  in  a  similar  viaj, 
but  less  readily.  SehrOtter  has  attempted,  though  as  yet  wiUl 
imperfect  success,  to  apjily  this  form  of  phosphorus  to  the  pre* 
parotion  of  lucifcr  matches.  Immense  quantities  of  phosphoroa 
are  eon&umed  in  this  manufacture.  In  the  uaual  mode  of  pre- 
paring these  matches,  the  ends  of  the  pieces  of  wood  an 
first  gummed  and  dusted  over  with  sulphur,  an<l  then  tipped  witk 
a  mixture,  in  which  the  chief  ingredients  arc  an  emulsion  of 
phosphorus  in  glue,  and  chlorate  of  ^xitaah,  or  oiiide  of  muigt* 
ne»e.  The  manufacture  is  oue  attended  with  danger,  from  the 
highly  iutlanimnhle  and  explosive  nature  of  the  ingreitienix  oitcdi 
hut,  iu  addition  to  this  risk,  those  employed  in  the  bu»ineas  are 
lialile  to  a  distresHing  form  of  caric»  of  the  lower  jaw,  ariMng  from 
the  action  of  the  fumes  of  phosphorus  upon  those  who  inhale 
tJiem.  Of  these  evils,  the  tinit  would  he  greatly  lessened,  and 
the  second  altogether  avoided,  by  the  use  of  amorphous  pho»- 
phonis. 

Although  vitreous  phosphorus  acts  as  a  powerful  irritant 
poirau  upou  animals  when  taken  internally,  the  amorphous  variety 
may  be  swallowed  witli  impunity ;  the  vitreous  j>lioophorus  forms 
the  active  ingredient  in  the  phosphorus  paste  frequently  used  to 
destroy  cockroaches  and  other  kinds  of  vermin. 

Owing  to  its  strong  affinity  for  oiygen,  phosphoru*  reduces 
M>mcof  the  oxidixnl  compounds  of  the  metals  to  the  metallic  atste : 
a  stick  of  phosphorus  placed  iu  a  solution  of  chloride  of  gold 
of  nitrate  of  silver,  becomes  speedily  incased  in  rcdnceil  guld  o( 
silver.    Salts  of  palladium,  platinuai^  and  copper,  ate  also  reduced 
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pwiluaUy   wbcu   a    stick    of   phosphorus   is   immersed    i»    their 
•olatious. 

(367)  OxioEs  or  P H OS p  110 RUB.— Phosphorus  forms  four  veil 
4efiaed  compounils  with  oxv^eo :  three  of  Dieni  ))0«»eH»   An   acid 
I  thiracter.     TI]c-  followiug   tabic  shows  the  6)iDpositioQ  of  theas 
1  fiffereut  oxides : — 


In  iw  puts- 


Fhosphorio  uihjdride PO,.  =  71 

Iluwpbormt*  dillo PO,.  =  53 

Brpof>1ionhon>iu><Iilto(Iiypothoticnl)  PO.  =  ^<) 
Uiidt!  of  pbcwphora* P,0.  =  70 


Pliiupborm. 

4X66 
56:36 


OmM. 


(368)  Pbuspuohic  Aciu  (P0,=7t):  Phosphoric  Anhydride. — 

Tlie  iDOKt  important  of  the  osides  of  |iho»|]liorua  is  phoApliorio  sicid, 

vhiek  occurs  unlive  in  considerable  t)ua»tity  in  the  form  of  phoN- 

^aie  of  Itmc.     The  anhydride  of  this  acid  is  the  xnle  product  of 

tbe  rapid  combustion  of  phosphorus  in  dry  oxygcu  or  in  atiuo* 

ic  air.      hj  „ 

_    .        ■■  *!».  150. 

of  the  ap- 

'pratos  shoirn  iti 

%.  390,  a  large 

■{wutity  of  plios 

pliiric    Biihydride 

auy     be     n-adiljr 

ofatftined      iu     a 

few  hours:    e   in 

a     three  -  necktd 

^obe,      in       the 

cntn    of   vhich 

is    floapeuded     a 

poraelain  dish,  c ; 

ikts   dish    is    »t< 

(•died   hy  meatis 

of  platinum   wire 

lo  ifac   wido  tube,   a  b,  which  ia  closed  at  a  with  a  cork ;    the 

iotdc,  f,  is  coimected  by  the  tube,  g,  with  an  aspirator,  or 
1  silier   ooDTcnicnt    means  of  maintainiug    a    continuous    current 

4  air  through  tlu!  itppariitus :  the  air  us  it  enters  is  tho- 
I  mighly  dried  bf  paasiug  over  pumice   raoiateucd  with   sulphuric 

■id,  in  the  tube,  d.     A  fragment   of  welt   dried   phosphorus  is 

|itaecd  tu  the  dish,  c,  and  kindled  by  touching  it  with  a  hot  wire. 
•^  tlu:  phosphorus  burns  uwsy  ficah  piccus  arc  ftddcd  through 
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tte  •perture  a,  which  is  Rgsin  imntediatel;  olosei)  vith  ttJ 

The  uthydnde  thus  obtained  gciii-nilly  cotitaiiis  Inm  of  I 

the  lower  oxidee  of  pboBphoms.     It  fortDs  a  snow^vlutc,  I 

kst,    DOQ-CTYkUllioe,    sukydrous,    but    iMtriin«l7'    dcLiqia 

'   |e*iicr.     When  drd|>ped  iuto  water  it  combiueit  mitb  it,  «d 

»  hiMmg  tMNM ;  the  greater  part  '»  xtuttiMtly  dimoUei,  lad 

tern  (cUtuHMts  flocculi,  which  Klontl;  disappear.     AAcr  it  hi 

b«k  diaMdrecl,  it  niiDot  agniD   he  completely  deprived  of  J 

Mtlwa  it  be  made  to  enter  into  corabiiiatiou  with  a  bu^  ■ 

mmU  or  oxide  of  lead  :  ibe  ba»e  in  tbis  ciuc  anitea  n 

acid  and  dbiploees  tbe  water.     It  doca  not  emit  ra|tour  at  nfl 

I    tcfflperaturea,  and  owing  to  ita  powcrfal  alTmity  for  »atd 

aahytlrido  a  often  tu«d  aa  a  desiccutin;;  and  debydraling  ] 

and  fcr  this  pur[)06e  it  surpasses  in  cfficaey  almost  cro;] 

anhslatHe.  J 

(j6t))  Hj/A-ates  of  PhoipAerir  Arid. — In  a  bydrated  d 

add  is  (generally  procured  by  boiling  i  part  of  pbu»iibona 

putsofnitricacid  of  sp.  gr.  i'3o.  The  pho«phoms  becomes d 

by  tbe  nitric  add,  wbicli  is  decomposed  wiih  escape  of  deutd 

mtrofvn.  and  tbe  pttocpboric  acid   is  dissolved  as  it  ia  I 

\Vbea  tlie  pho:>)i!iorua  has   all  disappeared,  tbe  exeeaa  fll 

acid  is  c\iivlled  hy  cvaxwrnting  the  liquid  in  a  plutiuom  Tead 

iWnsc  wltite  fumes  begin  to  arise :  on  cooUog,  the  nctd  ■■ 

to   •    transpan-nt  gla»y   maM,   frequently  termed  ^fmval 

fAaric  Mfid,     lliia  glncial  acid  is  extremely  deliqueacciit,  pra 

«  solution  wbtcb,  when  saturated,   baa  s   ep.  gr.  of  ll>a 

Uttvnscly  aeid,  but  not  caustic.  I 

The  oiiilntiou  of  phosiiiiorus  by  nitric  acid  furnisbea  d 

'  MHrart"  of  ascertaining  the  coropoMtioD  of  phosphoric  add.   I 

.  IMilloae,  ,1 1  KTsins  of  phosphorus  are  boiled  iu  a  glass  rrUl 

'  ^ar»  dilutiNl  nitni-  add.     The  greater  part  of  the  ncceaa  ol 

awl  »tlnt)  acid  having  been  ditttiltnt  off,  tlie  add  solution  il 

>  grains  of  ox'tilv  at  lead,  in  a  wciglieil  pl.itiiiiiia  did 

:  .,  _    '   '-*  »k>«»ly  pvaporatcd  nud  the  residue  igiiitod  ;   by^fl 

tWw^^  uf  ^  nitric  add  is  espol)cd,and  the  pbo«pbon^H 

IggHg^mui  IB  >  'i'tii  with  tbe  oxide  of  load.     11ir  mk 

^dfttWlt«4fc'  '   l^uundto  ncigb4it  grain*,  showing  an  i 

tbe  phospboniH  and  oxide  of  lead  of  4a  I 

!•'  require  40  parta  of  on 

acul  is  proeun-il  by  adding  to  a  tolntioB  fll 
'   from  bone*  by  itw  pniooal 

step  towards  pmcurini;  |Aa| 
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irbottate  of  ainuaoaia  till  etfervosccncc  ccaaea;  trihasic  pliuKphate 
I  lime  i»  precipitated,  Imving  plio«plmtv  of  ammonia  in  solution, 
at  (trecipitated  piioaphate  of  lime  is  separ&tett  b^  tiltrtition,  the 
Hmd  evaporated  to  dryness,  and  tbc  residue  ignited.  Aniiiionia 
eipelled,  and  pliix>p)ii>rlc  acid  (eon tarn iiialed  will)  all  tlic  soluble 
iha  vbicb  tbe  bones  eontaincd)  remains  behind. 

Hrdrat«*(  phosphoric  acid  cannot  be  completely  deprived  of 
■ter  by  ignition ;  for  nhen  heated  to  redness,  the  acid  aubUnm 
nth  the  water.  Tlter«  ar«  three  diOerctit  bydrate^  of  pliosphoric 
cid,each  of  which  poaiesscs  the  properties  of  a  distinct  acid  :  vis,— 

The  protobydratc  of  phosphoric  acid  .  .  .  HO.PO^, 
Tbe  deutobydratc  of  phosphoric  acid  .  .  a  (IO,PO(, 
Tlic  tritohydratc  of  phosphoric  acid  .     •     •  3  IlO.POj. 

TlM»e  dilTercnt  Imlratcii  of  the  acid  retain  their  peculiar  eha. 
racteriatica  when  dissolved  in  water,  and  eombiue  with  i,  with  i, 
or  witi  3  wpiivalcnt*  of  batieji  to  form  salts,  according  as  the 
protohjdraie,  the  deutobydratc,  or  the  tritohydratc  is  employed. 
Owing  to  tbe  important  itiflneuee  which  the  study  of  these  com- 

Puds  baa  exercised  upon  the  theory  of  saline  combinations  in 
end,  it  will  be  Mfctssary  to  examine  them  somewhat  iu  dctaiL 
(370)  Tritohydraie  or  Tribaaic  Phosphoric  Acid  (3  HO.POJ. 
If  the  liquid  formed  by  dissolving  tbe  }cl<ieial  acid  in  nntcr  bo 
boiled  for  w>me  time,  and  carbonate  of  soda  be  then  added  nntil 
tbe  tolution  becomes  slightly  alkaline,  a  tribasie  pbwphatc  of  soda 
ttid  water  is  ohtaiued,  which  on  evaporation  crystalliKcs  in  large 
transparent  rhombic  prism*  (j  NaO,H(),POj  +  24  Aq).  If  this 
Milatioii  be  mixed  with  a  neutral  solution  of  nitrate  of  silver,  a 
canary-yellow  precipilate  of  tribiutic  phosphate  of  silver  (3  AgO, 
POj)  u  formed.  Although  this  solution  was  neutral  or  slightly 
■IkaUne  before  admixture  with  nitnitc  of  silver,  it  will  be  found 
riWvardii  to  have  a  decidedly  acid  reaction  upon  litmut,  nitric 
having  becu  liberated : — 

XaO,IIO,POj  +  3  (AgO,N0.}  =  »  (NaO,NO,)  +  HO.NO(  + 
3  AgO.PO^. 

of  lend  may  be  useti  a*  a  precipitant  instead  of  nitrate  of 
',amt  in  this  case  a  white  tribasie  phosphate  of  lead  (3  Ph<),I'Oj) 
nbatdea.  If  this  phosphate  of  lead  be  well  washed,  suspended  in 
nfair,  aod  ex|>o»cd  to  the  action  of  a  current  of  sn]phurr:tted  hy- 
JRi]^,pure  tritohydratc  of  phoKplionc  acid  is  liberated  and  becomes 
Aaaulrcd  in  the  liquid,  whilst  the  black  insoluble  sulphide  of  lead 
•  fatmeA;  3  PbO.POj  +  j  ns  =  3  1IO.P05  +  3  PbS.  Tbe  sul- 
lUile  of  lead  may  be  removed  by  tikration,  and  the  acid  obtaiacd 
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in  (leliqiicsoent  n-^atxllinc  plate*,  by  <n-aponUon  m  paeaa  od 
pkuric  acid.  It  requires  3  atomB  of  a  base  for  saturatioiu 
■alts  oftlitfl  Imlratc  f«rm  tbe  oonimon  IriAatie  pAot/t/iateiA 

'i'licpc  arc  three  rarictica  of  these  pboephates ;  vi«.,  9 
vith  3  iitoiiiM  of  a  metallic  pruloxidc,  i>ueh  aa  iho  tribuH 
pbate  of  Boda  (3  NaO,POg  +  24  Aq) ;  thno  salts  when  i 
bare  a  strongly  alkalino  reaction:  2,  tboxe  with  1  atoai 
basic  prot<i\i<le  i>f  a  mcta)  aod  1  atom  of  ba«ic  water  (id 
the  ordinary  plioxpliatc  of  Mxin  (3  NaO,110,PO(  +  «4  An 
Mjltible  aalbt  of  ihia  class  are  neutral,  or  buve  a  vcrj  fecb^ 
line  reaction :  and  3,  iIiom:  with  only  t  atotn  of  tised  bad 
2  atoms  of  basic  water,  of  the  forro  of  the  aalt  (2  Htm 
1*0,  +  3  Aq)  frequently  cnlk-d  tbc  biphotphate  of  sod«j 
salts  have  a  utronj^ly  acid  reaction,  and  are  ofWu  spoken  a 
titperjthotphalft.  ] 

1^)10  solnhle  salta  of  Utio  variety  of  j)ho«>]>horie  arid  an!  j 
terixed  by  the  yellow  phosphate  of  silrcr  which  tbeir  Dcatij 
tion«  form  with  nitrate  of  aiWer ;  this  precipitate  i»  freely  J 
IxXlt  in  nitric  acid  and  iu  ammonia.  They  also  yield  a  era 
precipitatcirhcn  a  clear  mlntion  of  sulphate  R)i^iie«ia,mideii 
lino  by  ammonia,  is  briskly  stirred  nilb  tlicni ;  this  preotd 
insoluble  iu  water  which  coutaiu*  free  ainmunia;  it  eon 
(a  MgO,H,NO,POj+ia  Aq) :  wben  ignited,  the  water  ad 
monia  arc  ex|>Glled,  and  it  becomes  cuuverleil  into  p>*ropM 
of  mngncsta  (z  JfgO,  POJ,  a  compound  frequently  emjitan 
nic«n*  of  eatimatiug  Ibe  amount  of  phosphate*  in  tolutioia 
contain  tbem  ;  100  parts  of  the  ignited  residue  eoiit-t initio  | 
PO^.  Neutral  soliitious  of  the  phosphates  give  prt.-<.-i|iitad 
salts  of  baryta  ami  of  lime;  tlie  phoaphatea  of  baryta  h 
arc  readily  soluble  in  acetic  acid.  The  quantity  of  |M 
acid  in  a  ralntion  nnty  alra  be  ascertained,  if  neither  snim 
hydrochloric  be  [ireseiit,  by  means  of  acetate  of  lead :  l^^ 
bi-fore  ibis  «iU  i«  addwi  to  it,  should  be  neiitr.  '  <'fl 

and  then  a<ridulatt-d  freely  wilb  acetic  ncid  ;  the  j  1  _  jfH 
[iU.POJ  ebouhl  be  well  washed  and  ignited,  by  whioli  J 
ia  rcnrlcn>il  nnliydmns.     100  part*  of  the  ignirol  n-  f 

T\f}^  of  anhydrous  phwplturie  nciii.     Cliniircl  hn 
lluit  thu  ncid  solution  of  uitmtv  of  biimutli  funiisbes  an  M 
mettHxI  of  M'jMiratinf.'    '  rrbl 

ltrue,liuil  nliiniinn,  Ni>  1  aajm 

liquids.  Caru  ia  rcquiaile  tn  remove  any  cliluriuo  or  •■ 
uitid  from  the  li'i'i '  '  '^H 

is  pn-piired  by  tii  <|^1 
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-11  of  »p.  gr.  I'J^,  Kdditig  30  parts  of  water,  then 

ii)g  if  iieccasary.      Iti  wparaling  the  i>Uo!>|i)iuti.'  of 

ill  hj  tlitft  rtngcut,  the  liquid  must  be  bailed,  nnd  the  prccipi- 

Rrll    itoahi-*)  witli  boiling   water  and  carefully  dried :     100 

the  |ihty>|>lintu  of  bismuth   (BiOj.PO^)   ountain   lyiS  of 

nrw  ftcid  (t'OJ.     With  scsquioxide  of  iron  ptio^pltortc  acid 

ttit   inwiiibk-  tiuff-Ctiloured   precipitate   (Pc,Oj,POj-4-4  Aq^ 

i»  uImi   Miinetimn  emploved    to  eMtimate  the  (juatitity 

nrie  luHd  in  a  iMlution, 

|;i)   0eutQhydratt,  or  Pyrophoaphoric  Acid  {2  HO.POJ. — " 

rtioRibic    phosphate  of   soda  (jNaO,UO,PO^+34 Aq)    » 

in  bent,  it  \ne\X»  in  it*  ttater  of  crystallization  ;  and  by 

laiag'  to  apply  to  it  a  temperature  not  exceeding  300^,  it  may 

HWfl  to  n  hard,  wbito,  taline  nias^,  which  may  Iw  redisaolved 

l(T  with  all  iu  former  properties.     The  dry  moss  eonmts  of 

),P0..      If,  however,  it  be  heated  to  reduejci  l>efore  rc- 

If,  I  atom  of  water  is  expelled :  the  residue  is  funnd  to 

of  aNaO.PO,,  and  the  plmsjihoric  aeid   is  reduced  to  the 

lariety ;  for  on  re<li86olving   it  i»  water  and  cvnporatiog 

tino,  the  lifiuid  no  longer  yields  rtiorabie  crystals,  but  fnr- 

<  uri'-'jlar  rrj'stals,  composed  of  3  NaO.POj  +  10  i\t\  ;  and  the 

inatrud  of  yielding  a  yellow  precipitate  with  oitratc  of 

'w  gives  a  white  one,  consisting  of  a  AgO.PO,.     In  tbia 

mliilimi,  if  neutral  lo  litniit!t  Ix^fore  tnttTwixture  with  the 

Lialt,  remains  ucutral  aitcrnardB,  because  no   free  acid  ia 


I  (.igO,NO.)  +  a  NaO,PO^=i(NaO,NO()  + 1  AgO,PO(. 

hth  •  Mliition  of  aeetAtc  of  lead  the  dibnsic  phospb&tc  of 
OCemioDS  a  irtiitc  preripitnte,  the  componitioii  of  wbieli 
lied  by  ibn  foniuda  2  PbO,  PO,:  and  if  the  lead  suit  l>e 
witli  sulphuretted  hydrogen,  it  yields  the  deutohydnite 
rie    arid   {3  HO,PO^).     llie    excess   of    sulpburcttej) 
iii(u>t  Iio  got  rid  of  by  exposure  to  tbc  air  {not  by  lie.it, 
the  tribaiic  hydrate  of  the  acid  is  fonned),  and  the  acid 
<t<  by  craporalion  in  traeMO  orcDiulpburic  J 
.;ite  of  KOila,  from  the  nradc  in  which  it/ 
d,  it  often  termed  the  pyrophotphate  of  mmUi,  and  tlio 
'i'  "'  ■  of  tlic  iwid,  pfrophosphtilea.     No  »oltdj 

.  uf  aramntiia  can  be  obtainnl ;  these  salt 
le  while  in  aolution,  but  on  evaporation  they  become  con- 
iatu    '1  '  )iLuspbnte3   by    the    auimilation   of   watcr-j 

>,     '1  M»  of  pyrop)iu>'i>li»tvH  oiay   be  procured; 
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oue  witb  two  atoms  of  fixed  bsse,  like  the  onlinary  pyrophosplijito] 
of  wjcU  (i  NnO,I'Oj+  lo  Aq),  the  other  <;arTe!t|)omiiiig  in  composi-J 
tioD  to  the  acid  pyrophosphate  of  soda  (NaO,IIO,PO^)  in  which  i 
atom  of  water  has  taken  the  place  of  one  of  the  atoms  of  fixed 
in  the  onlinaiy  salt. 

(373?  Prololit/drate,  or  Metaphospfioric  Acid  (HO,  PO.). — I 
in  preparing  the  rhomhic  pho&phale  of  soda  (370J,  tiro  equal 
tious  of  phosphoric  acid  be  tnkcn,  and  after  neutralising  one  por-i 
tion  with  carhoiiale  of  soda,  aa  above  directed,  the  second  quantil]! 
of  acid  lie  added  to  the  nvuti-ahzrd  solution,  a  tribasic  phoKphib 
of  wda,  conoiHtiiig  of  NaO,  2  ll<),rO,,  will  he  obtained  on  cvap 
rating  the  liquid  to  dryness ;  but  on  ti^itin;;  the  residue,  the  2  atoiMJ 
of  voter  vtill  Ik  ex[)ellcd,  and  a  fusible  monobasic  phoaphute,  orj 
tntlafthoaphale,  of  soda  (NaO.POj)  will  remain  in  the  form  of  1 
transparent  glana.     This,   if  diiiHoIvcd  in  wati:r,  givw  with  nitrate  j 
of  silver  a  gelatinous  white  precipitate,  different  in  appearance 
oompoMtion  fruio  either  of  tlic  former  phoxphaten  of  silver ;  it  1 
tains  AgO,P0^,  and  ia  soluble  in  csccss  of  the  soda  salt.      Wk 
acetate  of  lead  a  white  precipitate  alnu  is  formed  (PbO,POJ  ;  Hi 
fusible  in  boiling  water,  and  when  decomposed  with  aulphL 
hydrogen  it  yields  the  protohydratc  of  the  acid  (I10,P0J,  whie 
Ih  distinguished  from  theother  hydrates  by  its  power  of  coagulatii 
the  albumen  of  white  of  rgg.     Acetic  acid  docs  not  coagulate  alt 
men,  neither  does  a  solution  of  mewpliospliale  of  woda  ;  but  if  I 
two  solutions  be  mixed,  the  acetic  acid  liberates  nietaphosplio 
acid,  and  the  albumen  bceomra  coiigukted.    Metaphospbute  of  1 
u  capable  of  combining  with  water  of  crystallization,  and  retail 
1  atom   if  dried   al   ata";  this  water  i.*  not  basic,  for  on  as 
ditsolving  the  salt,  it   gives  the  usual  reactions  of  the  metap 
pl)at<Tii.     If,  however,  tlie  salt  l)e  heated  to  ^txj",  it  docs  not  lo 
weight,  but  becomes  converted  into  the  acid  pyrophosphate  of  soda 
the  water  by  the  application  of  heat  haviug  changed  its  functioa] 
iu  the  salt,  and  haviug  now  become  basic  (Graham) . — 

NaO,POj+Hd  becomes  XaOillO.POj. 

This  change  of  propertie.*  in  the  salt,  withont  any  change  in 
proportions  of  its  components,  here  admits  of  a  satisfactory  exf 
natiun  ;  and  it   is  a  ftrikiiig  and   iustnictive   illustration  of  tlia 
facility  with  which  chemical  compounds,  by  a  change  in  muleculi 
constitution,  may  sometimes  give  ri^c  to  substances,  the  )>ropor 
of  which  may  be  very  different,  though  the  results  of  their  aiialyail 
in  ioo  parts  may  ntimcrically  cuiucido. 


MctapbtMphnte  of  mxU  forniit  with  miIu  of  Imrrtn  a  white 
iluble  nieUipliosphate  of  baryta  (BaO,  POj) ;  but  this  predpi- 
■te  «ben  boilod  Iwoumc*  graiiimllj-  iliKtolvcil,  aMiniitiitiiig  3  atoms 
of  wat<^r,  aiid  liecomin^  converted  into  the  acid  triba»ic  jihotipliiitc 
of  baryta  (BaO,  2  HO.PO,).  The  compoiiiidi.  of  this  hydrate  of 
|fao<i{iliuric  wd  arc  all  mooobasie.  Tiieir  solutions  redden  litnniit 
ftcbly. 

The  aqneowi  solutioa  of  the  protohydratc  of  phosphoric  acid, 
viicn  boiled,  becomes  ooiircrtcid  into  llie  tritohyilrntc,  consoquently 
it  cannot  l>e  concentrated  by  the  actioD  of  heat :  but  the  iiolutioa 
wmj  be  preserved  at  common  tom])eratureJ(  irithout  cliangc. 

Mi»l  of  the  preceding  facta  relating  to  the  phusphiLtoK  are 
dnwu  from  the  important  investigations  of  Graham  (Phil.  Tram., 

MeHiiJimlioM  of  Mrlaphotphtne  Aciil. — Fldtmann  and  Iletmc- 

hig  {laebig'i  Ann.,  Uv.  324)  have  dcscribcii  tiro  ncv  clusHis  of 

i|fcl»phatca  intermediate  between   the  metaphosphatcs  and   pyro- 

Bnpliates.     By  melting  pyrophosphate  and  mctapho^phnti;  of  soda 

^father,  in  the    proportion  of  an  atom  of  encb,  tlicy  obtained 

Bilt  consisting  of  3  NaO,  2  POj ;  and  by  fusing  4  atoms  of  the 

^Utaph<M)i)iate  of  9oda  with  1  atom  of  the  pyrophosphate,  a  definite 

■da  salt  was  obtained,  which  consisted  of  6  NaO,  5  PO^;  lioth 

tteie  *ait»  are  very  unstable,  and  in  solution  pass  quickly  into  a 

■kturc  of  pyrophofphatc  and  metaphosphate.  Definite  salts  of  silver 

,  ari  of  maguesia  corrttponding  to  Iht-w;  compounds  were  obtained. 

If  the  glassy  metaphosphate  of  soda  be  ftu.ed,  and  allowed  to 

fml  rcry  <lowly,  it   fnrnishes   11  very  bcautifrd  crystalline  maM-*, 

Hicfa,  when   dissolved  in  a  small  (niantity  of  hot  water,  forms  a 

I  fifoid  whidi  divides  into  two  strata;  the  smaller  of  these  contains 

ntcbanged  tnctapho^phatc  uf  soda ;  htit  the  bulk  of  the  liquid  is  a 

I  MtntiaQ  of  the  crystalline  salt,  which  may  be  obtained  on  evapo- 

ntioa:  thia  solution  w  neutral  and  ha.4  a  saline  taatc,  whilst  that 

j  l(  the  ordinary  or  vitreous   mt-laphosphatc  is  insipid.   The  cryt>- 

llUltae  salt,  by  boiling,  in  rapidly  converted  into  the  acid  com- 

I  Ben  phosphate  (NaO,  2  llO,PO,) ;    a  silver  salt,   consisting  of 

I  ]  (AjO.PO^)  +3  HO,  may  Iw  obtained  from  the  cryntulUac  sodn 

I  ait  by  precipitation. 

[  Jtaddrell  {Prmxtd.  Chem.  Soe.,  1847,  p.. 273)  ban  described  a 
InriM  of  monobasic  metaphosphatcs  which  arc  anbydroua,  crys- 
iMEne,  and  insoluble  in  water,  bnt  soluble  in  oil  of  vitrioL  They 
|tiTe  formed  by  heating  a  solution  of  the  sulphate  or  nitrate  of 
I  tbe  hsBC  with  au  excess  of  phosphoric  acid,  until  the  sulphuric  or 
[  oUkt  acid  of  the  *alt  was  expelled.    Salts  of  potash,  soda,  alonuns, 
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copper,  nickel,  &c.,  were  thus  pracni-cd.     The  aoda  esit,  if , 
pared  with  pho»phuric  Acid  wlikiii  contains  msigiicma,  or  any 
uomorphoua  with  it,  forma   an  insoluble  double  mctaphotphatel 
the  majinii^i^ii  double  enlt  is  ci^etulliuc,  luid  consists  of  [3 
rO,).  NaO,  POJ. 

(373)  PiiuspuoROvs  ANHVDBtDB  (POj)  mnj  bc  procured 
burning  plioHplioniii  in  a  limited  current  of  dry  air.  A  whib 
volatile,  dcli<]iii-eccnt,  inflammable  powder,  destitute  of  errstalliii 
structure,  ix  thua  obtained,  often  mixed  with  BmaJl  quantitU*  1 
oxide  of  phosphorus,  and  phosphoric  nnhydridc. 

The  hydratfd  acid  may  be  ohtaint^l  in  solution  by  tran!>mittiii 
a  stream  of  chlorine  very  slowly  through  a  deep  layer  of  pbospb 
rus  melted  under  water,  so  that  each  bubble  of  gwt  ithall  be 
pletcly  absorbed  by  the  phosphorus  ;  tcrchloridc  of  phosphor 
(PCIj)  is  formed,  and  in  immediately  deeompo&fd  by  ihc  water  int 
liydrodiloric  and  phosphorous  acids;  PCIj  +  6nO=3  HO.FO,- 
3  HCI.  If  the  acid  liijnid  be  coiieeut rated  by  a  heat  not  cie 
ing  400°,  hydrochloric  acid  is  cspelled,  and  hydrated  pbosphoron 
ncid  is  obtained  ill  deliquescent  rectangular  prisms,  {3  HO,I'U0JJ 
When  exposed  to  the  air  it  gradually  absorbs  oxygen, ;  and  by  ; 
high  temperature  it  i:«  decutnpuHcd  into  phosphoric  acid  and  pho 
phiiretlcd  hydrogen  {376)-  It  is  also  furnished  in  a  less  pure  forn 
by  the  slow  combustion  which  occurs  wheu  plu)«phorns  is 
exp(»ed  to  the  action  of  the  atmosphere ;  this  may  be  saficli 
effected  by  placing  sticks  of  phosphorus  separately  in  tabes  op 
at  Wtli  end.4,  the  lower  aperture  of  the  tube  being  a  little 
traetcd  to  prevent  the  phosphorus  from  fidbng  out  j  a  number  1 
these  tubes  are  tlien  placed  in  a  funnel,  and  the  dense  aeid  \\(\ 
which  is  gradually  formed  drains  into  a  vessel  placed  for 
reception.  In  tliii  proce^  phosphorous  aeid  is  tlrst  produced  { 
the  acid  licing  dL-liqucseent  attnicts  moisture  from  the  air, 
then,  by  gradually  absorbing  oxygen,  it  forma  phoftphoric 
The  oxidation  never  proeueds  so  far  as  to  convert  the  whole  inti 
phottphoric  w^id  ;  the  liquid  therefore  eoutaina  a  mixture  of  pho 
phorotiB  and  phosphoric  acids,  whidi  was  at  one  time  suppiisi-d 
be  a  peculiar  oxide  of  phosphorus,  and  was  termed  phofphalic  1 

Phoffi/iiles. — Phosphorous  neid  is  dibasic;   that  is,  its  nor 
salts  contain  2  atoms  of  base;  but  Wurta   finds  tlut  hydr 
phosphorous  acid,  Ix-sides  its  two  basic  atoms  of  water,  retains 
third  atom  of  water,  which  in  esaential  to  it.     'Neutral  phmphit 
of  soda,  for  instance,  consists  of   (3  NaO,PHOj+  10  Aq)  j  wl 
bc«tedt0  573°    it  still  retaiojt   i  atom  of  water,  and  consista 
»NaO,PIlOj.     Acid  pliospliitcs  may  also   be  formed :   the   ac 
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of  bKTta,  dried   at  ita",  ot>u*i.U  of  (BaO,TIO,PHOJ. 

pbiMpliitus  wlii^u  ticaU-d  emit    bvdrogon  gas,  whilst  a 

plioxphnle   teinutn   behind;    thu«   (BsO,I10,PHOJ 

B)iO,FO^-l-3  n.       If  the  phos|thite   ccmtftiii  a  smaller 

of  water,  ptiouphuretled   livdrogi^n  is  b1»o  emitted ;  for 

in   thp  case  of  phosphitu  <rf  lead,  5(2  PbO.PHOJ  yield 

POj  4- Iljl'-t  1  II.      Free  pboRpltoroin  acid  does  not 

ely  mlucc   jiernianganatc  uf  potash,  uulen  lieatcd  with 

::tioo  nhicli  distingut)iliO:(  it  from  liypuplioKphoroiu  acid, 

ca  io  the  cold,  rapidly  discharges  tlve  colour  of  t)i€  per- 

«  io  ncid  soluttoux.     Thu   pliosphite  of  lead  iis  the  least 

tim  phosphites;   it  w  insoluble  iti  acetic  acid.     With 

oorrustve  aubliinate  (llgCI),  acidulated  with   aoctic 

pliitea  gire  a  white  precipitate  of  calomel,  the  for- 

wlticli  ia  ha#tfiMxl  by  heutiug  iLc-  liquid.     Another  cluu 

11  in  the  roluotion  of  !tiilpliurou»  add  by  a  solution 

jtca,  nitb  evolution  of  Bulpburcltcd  hydrogen : — 

Ro,)+sso,+3  no  =  3  {3Ho,PO()+3ns. 

UYrurua)>rBoiu>i;a  Acid,  CHO,?!!,©;,;  Wurtx).— TIiib 
iLs  formerly  Donsidercd  to  be  an  acid  of  phoephorua 
11  amallcr  i{iuuitity  of  osygeii  tliuii  tbv  preceding,  hut  it 
baeti  obtained  in  the  antiydrous  form.     It  is  produced 
■  'tttxu  i*  boilvol  with  •  Molution  uf  cnuiitic  putavh  or 

^  hydrate  uf  one  of  the   alkaline  oartbii.     In  a 

nditifHt  it  iR&y  be  procured  by  Ro«e'«  mctliod  of  boiling 
itlt  liaryta  iu  water ;  phtKplmrcttcd  hydrogen  cu:apcs, 
11  a  tvaryta  enlt  is  uhliiiu^xl,  conijXAcd  of  ItoO, 
he  fullowing  decompoaition ;  5  (BaO,HO)  +4  P-^ 
OJ-t-IIjP;  and  on  adding  Hulphunc  acid  cnii- 
^  ,  i^phoTQUiocid  i&  obtained  iuM>lutioD,whilBtthe 

I  iird  u  aulphutc  of  baryta.     The  by{)0|^iot>phite  of 

n  '<■  prepared  by  hejkti  11^  p1>osphoruBwitha«olutiouof 

iL  __  i.n,  wl»cn  free  hydro;;eii  with  pho»[<hurettt'd  and  sul- 
lltyilro((meM«p«;  the}a>t  troeeiiofsulphidcof  barium  are 
['  "  liou  of  a  little  sulphate  of  lund,     Ilypophoa- 

iL    .  m   uocryNtnlliuibtc  symp,  which  has  a  sour, 

Brts ;  ita  acid  properties  are  Imt  feebly  niarknl,  and  iU 
E  Iv  ab<ior)>!>  oxygen  from  llie  air.      When  hvated,  it 

and  by  aatrongcr  Iifat  it  is  dceonipoKe<l,  emitting 
liydrogon,  whiltit  phosphoric  acid  is  s<t  fice,  2  (UO, 
i^HO,P(>.}  +  l!,P.      Owing   to  tli«    lArtial 
<   phoBphuivttcd  hyArogfa,  a  liciJc  plioapbortu 
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is  generally  <l(^kitc(l  at  tbe  same  time,  ami  a  < 
tity  of  hydrogen  is  libcntcd. 

ItSfpfifi/iofji/tilet. — ^TIic  rcaeardMs  of  Diilong,  of  Itooc, 
Wurix  liavo  ehowu  that  alt  tlie  bypoi>hospliit«  retain  3 
watrr,  vliicli  urc  csscutial  to  their  conipoaitioii ;  the  acid 
o»o  atom  of  base  for  it«  satarntioti.  IIv|>c>|ilio>|>Uile  ot\ 
VKampIc,  may  be  represented  as  PbO,PHjO,.  They 
therefore  to  the  monobasic  pfaoAjilifttcs,  but  3  atom*  of  lii^ 
havo  taken  the  pittco  of  2  atoms  of  oiygeu  iu  the  p\iM{A 
The  Iiypopbospliitcs  arc  all  soluble  in  water ;  many  of  thctn  i 
liic  easily,  by  spoiitaneouit  er»]>urulion  ;  the  cryi4ulli£c<I  ulj 
be  proMrvod  unciianged,  but  tlicir  &oliitioo8,  wlicn  ctnjiorati 
high  temperature,  are  gradually  converted  into  pboaphitcii  by  d 
tion  of  oxygen.  Like  phoiphoruua  scid  they  reduce 
ailver  rroin  tbeir  aalts.  The  tiypoplio»[>liitcsof  the  alkalicki 
DO  water  of  cryfltallixation  :  tlicy  arc  deliquescent,  aud  alw  J 
in  alcohol.*  The  hypophosphite  of  liote  (Ca(),PiI,Oj} 
about  6  parts  of  cold  vntcr  for  solution,  anil  U 
Bolnble  iu  boiling  water.  Each  atom  of  the  Inryta  aalt 
atom  of  witter  uhen  cry«tallixcd  at  ordiuar?'  lenipentur 
Gi;\-!^laUizcd  from  a  boiling  solntion  is  dejiosited  iu 
Uttlta  (BaO.lMIjOj).  TIiC  hypophoapWtc  of  magnads^ 
7[|fO,-f6  A<|)  cryBlallixcs  in  brilliant,  regular  octiibc 
an  oEEbi-esocnt.  The  hy[)opkospliitcs  of  nickel,  cobult, 
oxide  of  iron,  also  retain  6  Aq,  tlioiie  of  zinc  and  mnngatioe 
but  1  atom  of  water  of  eryMtallisation,  which  tfaoy  lo«o  at  ffi 

ITy|>oi>liiK«i)lioroti«  acid  i»  difttinguiabeil  from  pbo9t|i^ 
by  II  reninrknljlc  reaction  with  the  fiotta  of  copper;  if  to  ii-  ,_ 
free  bypophospborous  acid  a  solution  of  sulphate  of 
added,  and  tlie  liiiuid  be  warmed  to  about  130^  a  wlid  tl 
liyilride  of  copper  (Cn^H)  is  jinaipitated.  On  ranting 
mliich  contains  the  preeipitote,  to  the  boiling  point,  tliia  1 
deoom|HMod  into  liy<irogen  gas  and  inelnllic  copper, 

(375)  Oxint  or  PnoNi-nuKis  (1'^).— ArtiU  lower 
osiitatioii  of  pboaphorus  exi&ts,  which  puucues  oaximt 
alkaline  properties.     It  is  always  formed  in  small  qi 
phiixphorn;!  is  bttrned  in  air,  and  is  one  of  tli«  coustit 
rnl  nwidue  after  the  combustion  lias  tenuinatcd.     It 
IHTtir,  a  compound  of  iiiiy  iin(Kirtim«'.     O^iilc  of 
iivUlnir  Bmell  nor  lantc,  nnd  is  quite  insoluble  iu 


•  Mv,.n;,W|>Iiitoor«N!a,wl,I(!li  wnowpmuwJ  Inr—'-  '— ■ 
'  iiiu*  itXploiSM  kpouuooowly  during  tLe  c ' 


(sruiuKs  or  IlvnacKiRK. — None  of  the  compounds  of 
ih  livilrogcn  nrc  jmkmsamxI  of  ac'u\  ctiarnctcrs  :  they 
a  Dumber :  vis.  U^P;  H^P,  and  HP,,  llie  6rst  U  gaseous, 
Bfa|ajd,  tuiil  tilts  Uiinl  M>li<),  at  ordioaiy  tcinj>cnlurcs. 
Relied    Uydrogfn    Gag    (H,P  =  34)  ;*  i>*.    Or.  1-1851 
L  4-~~Pli<>*I>'i">'i^tt>^  hj-drogon  is  n  bighly  mflnnimablo 
,  witlt  a  fustid  alliacootis  oilour ;  it  in  slightly  M)luble  ia^ 
RioitU'd  through  MjUitioti  of  ccrtsin  metallic  salt 
I  of  l&ul,  cof>]M!r,  or  nierciiry,  it  is  absorbed  and  <lc(Miin- 
tsphidc^  of  the  inctnls  ore  prodaccd  and  ktc  precipitated. j 
Icail   Aiiii  cojijicr  ore  bhiek,  tliat  of  uicrciiry  is  yel)our«^ 
of  tb43  MtlU^  uf  gold  aud  silver  arc  reduced  to  the  metallioj 
phnfl])horic  acid  is  found  in  solution.     When  tJie  gaa  is 
wholly  atiKorhnt  by  a  bolution  of  chloride  of  lime.     A 
tbc  j;iis  with  air  or  with  oxygen  explodes  at  a  tetupera- 

Kor  ooini-timiM  crcn  at  common  tcmpcrtitiire«,  if  the 
iddeiily  diniini»lied.     In  this  gaa  t   volume  of  tlie 
tphoru!<  and  6  volumes  of  hydrogen  are  condenKed 
•oe  of  4  volumedi.     It:t  composition  may  therefore  be 
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nlnaiiig  rolumc  ofphosphurettcd  hydrogen  is  the  same  a*l 
iinoiiia,  to  which  it  is  nnalogou»  in  compoMtion  ;  but  it 
Khibit  any  tnarlced  alkaline  properties.  Some  indication 
meter  in,  howerer,  stiowu  by  it,  for  it  combines  with 
ariibi  in  definite  pro]iortiou3.  For  examph^  it 
kti  hydriodic  acid  (Il^PJll)  is  formod  by  the  unioitl 
I  of  tlie  two  gnaes>i  which  in  tlie  act  of  combination 
ndenmilinn,  for  it«  v&povr,  iiecurding  to  Bincan, 
277;  it  crystallizes  in  cubes,  which  fase  at  ft 
OMt,  aiid  if  air  be  excluded  it  may  bo  miblimcd  without 

Ryatals  arc  deliquescent,  and  are  deoo«n[ 
I     ,         lie  add   and    phot^phuri'ttcd   hydrogen    gas.'S 
P  U  nasily  prepared  by  introducing  into  a  small  retort 
'  inc  ground  up  with   powdem)  glass,  and  jt 

II  smnll  frnj;menta;  then  adding  30  i<art»  of 
)  whicli  eome  ofl'  consist  of  this  compound  mixed 
y'driodie  aoid  ;  the  hydriodatcof  phcttphurctteil 
iu  cryetaU  in  the  neck  of  the  retort,  if  W 
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bo  fcrpt  cool.  A  similar  compound  mky  be  olitaiaed  «itk  I 
bromio  Kcid.  Ilofmiinn  and  Calioiira  hxre  xbuwti  that  1^ 
ptitcin)^  till!  hydrogen  in  gaseoiiB  |i1ios]>bi[lc  of  hjdroi^,  by] 
nnd  other  analogous  hydrocarbons,  compouniU  mtj  be  oM 
whicl)  ncntrolixc  anidit,  and  art;  povcrfullr  banc  (1029).        i 

Phospt It)  rioted  hydrogen  combine*  with  tho  pcrcbloril 
many  of  the  mctnls,  such  as  thow  of  tin,  titanium,  anttmoiq 
LroD.  These  compounds  arc  decomposed  by  water  nith  ad 
pbospbnrcltwl  hydrx^en  gas.  j 

Preparation. — Phosphiircttcd  hydrogen  gB»  may  beolj 
in  ft  state  of  parity  by  the  <lccoropoaitioii  of  liydrstnd  phon 
•dd  iiy  beat;  4  (a  IIO.PHOJ  yicldinR  3  (3  U0,POJ  +  hJ 

This  gas,  hon-ovcr,  is  generally  prcjiorrd  by  hcntiug  tai 
of  pIiosphornB  with  a  strong  solution  of  hydrate  of  potasl^  J 
cream  of  Kme ;  Iiypophoapbitc  of  the  l*n*e  is  form«),  with  J 
tiou  of  phosphurcltcd  hydrogen  ;  P«  +  6  HO  +  3  (KO.HO)  I 
ins  3  i^^-  ^^Pa^  -*-  ^1^-  "^''^  K»  *o  obtaioni  has  tlic  4 
able  [iroperty  of  taking  fire  spontancoosly  in  atmoepberie  il 
oxy^-u  gua :  if  allowed  to  escape  into  tUo  air  in  bnbhlJ 
bubble  as  it  brc«k«  produces  a  beautiful  wl)ite  wreath  of 
phorio  acid,  cotnpoeed  of  a  iiiim)>er  of  ringlet*  nn-olnng  is  ] 
planes  around  tlic  axis  of  the  wreath  itself,  ta  it  aaonidi 
traciHg  before  the  eyc^  witli  admirable  tltstindiicss,  tki 
(■yratory  movements  communicatod  to  the  snpcriiu'  '  1  ' 
the  bunting  of  a  bubble  ujion  the  outface  of  a  still  - 
If  tlio  bubbles  be  nllonud  to  rise  into  a  jar  of  oxygeo,  a  b 
flaih  of  light,  attended  witli  a  slight  concussion,  acciimpad 
bnn>tio|t  of  each  bubble.  Owiug  to  the  spontaueotik  iiitlua 
of  the  gas  it  should  be  made  in  naall  retacls  contadoiog  bt 
atmospheric  air.  Qraham  has  shown  that  the  aildilion  d 
ipinntitics  nf  the  vapour  of  some  inflammable  bodies,  sncfi  J 
naphtha,  and  oil  of  turpentine,  destroys  this  self-l 
and  Uiat  of  porous  bodicn,  stich  as  charcoal,  also  rcium^Mi 
tlw  other  hand,  the  gas  otitnincd  from  [rbospboroas  eo^H 
lighting,  but  the  addition  of  so  maall  a  ijuantity  as  ^H 
lU  balk  of  nitrons  acid  gna  confers  thia  proprrty  upou  n9 
(377)  Liyviii  Photpfiidr  of  Hjfdngrn,  H,P,  or  It^U 
«ln||»lar  property  which  phoBpliuretted  hydrogen  posamMfl 
<HMW,  of  igniting  spontaneously  when  mixed  wiOi  < —  ''^1 
niiuaiiu'd  willifiut  explanation,  as  a  careful  iui»!  i^l 

ikV  11"  ilinVivnn'  in  L-oinpusition  between  n  '  ;;j  (^sdl 

utiixt    iiLii.-iy,  which   ilocfl   not  jioMrM  th. .  '■     ^ 

Wi'  I.'  phcuomcuou  was,  huwover,  lnii!cxi  j^| 
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^Hn  tlu)  preaenoo  of  a  mitiuto  quontit}-  or  Clio  vapour  of 
l^^vpliule  of  bjrdrogeD  (H,„l'J,  wtikli  inkcs  Grc  tlic  in- 
t  uaoombiaod  oiygL-n  is  pn'scDtcd  to  it  (Ann.  de  Ciimit, 
JS).  TliU  compuuiid  exists  at  ordiimr}'  tiinpcratiircs  w 
liquiJ,  wtiich  by  cxpuaiirc  to  Itgtit  is  dcomposed  into  & 
□lid,  wxi  tmt  sliglitlf  intlammable  pbo«ipIude  (HP.)>  nnd 
joQ-mJf.ligbtiuugaslHjP);  forH,yPi=UPj  +  3HJP.  It 
been  reiiiarkt.'d,  ultliougli  nnalytiia  itJiowed  iio  dtRerence 
tbc  self  •lighting  and  the  common  gw,  that  vbcn  the  for* 
exjXMOtl  to  sutiUght  for  a  few  hours,  a  solid  yellow  com- 
dejiositcd  in  small  quantity  upon  the  sides  of  tho 
liiltt  the  gas  loMt  its  Belf-li|jhttug  power ;  and  that  tliis 
kImj  dcstroyul  by  exposing  the  gas  to  a  great  degree  of 
effect  is  eridciitly  due,  in  the  case  of  the  exposarc  to  sun- 
Dcnaipontiou  of  the  inllRmmablc  compoand,  aiid  in  the  ca^c 
iicstioo  uf  cold,  to  ita  oouthMiHalion  into  the  liquid  form. 
A  phosphide  of  bydn^cn  may  be  prepared  by  conducing 
bich  in  disengaged  by  the  action  of  water  npuu  phosphtdo 
■  (Cu,P),  tliroogb  a  bent  tube  immersed  in  a  freezing 
ei  ice  and  ult;  a  oolourlcKi  liquid  of  hiffx  refracting 
thuB  condaucd.  It  takca  fire  the  instant  that  it  comes 
with  wr,  and  bum»  with  the  iuteuso  white  light  of 
Solar  light  quickly  decompoees  it  into  the  iioltd 

BP,)  and  into  the  ganoouti  phonpliurctted  hydrogen. 
Wvttpuur  uf  tliin  liquid  bv  alloircd  to  diffuse  itself 
^k,  carbonic  oxide,  or  any  other  combustible  gas,  it 
n  the  pruperty  of  taking  fire  spontaneously  whcu 
ih  atniuapUi^rk-  air  or  nJth  oxygen, 
Sotitt  t'ko»jihidc  of  llydngeu  (UPJ.— The  liquid  pho«- 
immcdiatcly  deooni|)oaed  by  Iiydrochlurio  acid  ;  and  the 
Di*  pboejibide  uf  hydrogen  is  formed.  This  substauce  t« 
rcparcrl  by  treating  phottpbide  of  calcium  C538]  with  hot 
I.  It  i»  ioeolublv  in  water  and  in  alcohol,  ^'heii 
mil  tl»c  ootnpound  i^  din^dvcd,  and  |)hoi>j>liurcttod 
liliereted.  Tben)  app<»r  to  be  tvro  raricties  of  the 
;  one  of  a  yellow,  the  uther  ofagreen  colour;  they 
Grom  each  other  in  compositiun.  Tbo  solid  yttllow 
jthiMpborus  takes  fire  ut  atwut  300^. 

iRtnsa  or  Puohi-uokuk. — ^''ith  dilorine  pbmpbonu 

apounds,  a  tcrcblondc,  PCIj,  corrcaponding  to  plios' 

I  and  a  peLtaebloride,  PClp  which  com!»]Wiida  to  plios- 

•trouj;  i>  thi)  affinity  betwcoo  tlicae  elemeuts,  thu 
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in  nn  Btmoephcrc  of  clilorioc  pliosplionu  immrtlir.'  '- 
The  followiiij;  tabic  sliows  tlic  composition  of  tbi.-3<. 
of  two  of  Uicir  dcrivativci! : — 


bl«B|iaM. 


TercUloriile  of  photphonii 
PtotacJiloTide  of  ilitto     .        PC\,  =  ros-^ 
Oxvclilwitls .    ....    POji.'r,=  i3.y5 
Salphoctiloridc .    .    .    .     I'Sfilt 


PCI,  =  1575 


tO'tff 
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TrreMoride  of  Vho»phort»  {PC1,=  137-5):  Sp.  Gr.  r>f 
4-875;  0/ Liquid,  v6i6  at  31";  Boil.  Pi.  f;^''^;  fvoiA. 
This  liquid  is  Bomciimcit  prepared  by  cauaing  tlic  vapour 
pliorua  to  pass  over  corrosive  sublimate  placed  in  n  long 
gently  IwaU'd;  but  it  tnuy  be  ubtaiiinl  more  rn^ily  and  abunt 
transmitting  a  gcotle  stream  of  jierfcctly  dry  chluriiie  gM 
iry  wid  melted  pbosplioras  ooutained  in  n  returt ;  tite 
may  be  cou<lucled  in  the  same  manner  as  in  the  prcji 
clilonde  of  Kulpbur  (fig.  187} ;  the  cbloride  distiU  aa  s 
tile,  transparent,  colourless,  fuming  liijtiid.  It  iliaMiI* 
pltoni»  frcvly,  Hud  is  itself  soluble  in  benzol  and  in  bin 
carbon ;  alcobol  and  ether  decompose  it  with  ci'ululion 
heat,  giving  rise  to  various  new  compound*.  It  ia  alt 
diatcly  decomposed  by  a  large  excess  of  vatcr,  aitd  for 
phorous  imd  hydnMblonc  acids ;  PCI,  +  6  HO  yieldu 
PUO,  +  3  HCl. 

PeniucMoride  or  Perchloride  of  Phosphorv*   CPCIjS 
Sp.  Gr.  of  Vapour  0/504'',  3-68;  Qrnib.  V<^.  S^Thia 
is  obtained  by  placing  dry  phcnpliorus  in  a  fla&k  provide 
stopcock,  exhausting  tUc   air,  and  slluiting  chlorine  to 
long  as  it  is  altworlicd ;  or  it  may  be  formed  by  Inaitiii* 
of  phottphonu  in  a  tall  glafs  with  an  exccfs  of  chlorine ; 
a  wliite  crystalline  »olid,  irbicU  volatilizes  bcloir  :ii°  « 
solid,  but  it  may  be  faaeA  under  pmsurc.   In  the  Hmm 
it  bums,  produdiig  chturinc  and  pho«pfaoric  acid  :    witb 
it  oombinea  readily.     It  is  very  deliquescent,  oiid  by  a  lai 
of  vater  is  immediately  dccompo«od  into  phospboric  u 
chloric  ocidB ;  I'CIj  +  8UO  forming  3  UO.POj  +5  IlCl. 

Oxtfchtoride  of  Pho«phonu  (PO jiZl^  =  I  Sys)  i  ^P-  <''■■ 
17  ;  (j/"  Vapour,  5'40  ,  Boifiag  Pt.  lya" ;  Comb.  Voi.  4-r— 
IKitiiu)  is  formed  wbou  the  > 
iJoMfly  vrith  that  of  tlw  pen-       1 
cliloride  uf  phospliorus  bciug  the  rtnidt.     TliD 
lows:  PClj  +  3HO=PO,CI,+3UCL     Thcosyc 
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Yohtile,  fumiii};  liquiil,  wliicli  is  docomposcd  by  Ihe  furtlier  adJt- 
ticm  of  water  into  phosphoric  and  hydrochloric  acids. 

Osycktoride  of  phosphoru*  may  be  obtained  iriUi  Tacility  by 
Gcrtiardfa  plan  of  distilliog  i  part  of  crystallized  boracic  acid 
with  4}  |»rts  of  pciitHchloridv  of  plio^phoriis,  when  the  fulluwing 
mctionoccura:3PCIj  +  2(3HO,BO^)=3POp,+6HCl  +  2BO,. 
Dw  oxyciilortilc  i--'  rcailily  condensed  whilst  bydrochlorie  n<rid 
JMam  off  in  tlic  form  of  gas,  {eating  anliydrou-t  Imraoic  aci<l  iu  the 
ivtort.  Crystallized  oxalic  nciil  may  be  substituted  for  borucic 
acid  in  this  operation,  but  it  does  not  answer  quite  so  well. 

Both  lh«  chlorides  and  the  oxycliloride  of  phiwpliorua  have 
liten  extensively  used  in  the  preparation  of  various  orgauio  aul>- 
Mitntiou-pnxlueta,  particularly  the  o\ychlorides  and  anhydrides 
titltD  oi^anic  acids  (1097,  1099)- 

StJp&Ochloridt  o/Pboapftortu  (PSjClg=  1 69-5 ;  Boiling  PL  357°) 
ii  a  conipnund  corn^pouding  to  the  oxychloride,  but  coutuining  sul- 
fhor  ini>tcad  of  oxygen.  It  is  obtained  by  decomposing  penta- 
ddorido  of  phoephoniH  with  smlplmretted  hydrogen :  PCI, +  aHS 
jickling  PSjClj  -f-  2  net  It  is  a  fuming,  colourless  liquid,  which, 
tf  hated  with  a  aolutiou  of  caustic  i^uda  in  cxcchk,  exchanges  ita 
dkninc  for  oxygen ;  chloride  of  sodium  is  formed,  and  a  mlpkoxy- 
/ieipha/e  0/ soda  may  be  obtained  in  aix-sided  tabular  cryslala 
*la^  contain  24  ct)uivatcnts  of  water.  The  composition  of  this 
■It  is  analogous  to  that  of  the  tribiisie  phosphate  of  soda,  but  the 
t»o  we  not  isomorpbous.  The  following  equation  explains  the 
which  nccoinpaiiy  it*  production  (Wurt/j  : — 


PS,Clj  +  6  (HO.NaO)  =  3  Na(),l'S,0^  +  3  NaCI  +  fi  110. 

One  half  of  the  soda  ia  decomposed,  imparting  its  oxygen  to  the 
nipliochloride,  from  which  it  receives  a  correspondiiif;  amount  of 
ditarinc 

[37y  a)  BaoMiDKs  or  Puosruouus, — A  Trrbromide  {$p.  Gr.  at 
jt',  a'9!.5 ;  RoUiiff  Pi.  347'''5)>  Pentubromide,  and  Ojcyhromide 
•f  pbonphorus,  analogous  to  the  corresponding  compounds  with 
tUniuc,  may  be  foraied  by  ximitar  methotU. 

(380)   Iodides  or  Pbosphouus.— Two  iodides  of  phosphorus 

Biy  be  forme<l,  vis.,  a  biniodide  and  a  teriodide  (Corenwiudcr, 

^M.  de  Chimic,  III.  xxx.  342).      The  Bmlodide  (PIj=a85)  may 

obtained  by  di^^mlving  1  part   (or  l  atom)  of  phosphorus  in  In. 

lie  of  carbon   and  adding  8^  parte  (or  2  atoms]  of  iodine; 

lUug  the  mixtnrc  artitlcinliy,  thin  flexible  prismatic  crj'Stals 

the  iodide  arc  depoadted,  of  a  bright  orange  colour.    It  melts  at 
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350",  and  it  decomposed  hy  ntcr,  hjdiiodic  odd  being  oim  iM 

prodticU.  H 

Tfriodide  tif  Pfiosphoria  (PI,=4t2). — ^Tliis  oompounil  flifl 

obtaiued  in  u  eimiUr  iDKiiuer  to  tbc  liut,  liy  diwolvii^  1  pM 

jtboapliorus  aud  i^'^  parts  of  iodine  in  hisulpbido  of  c*rfaiM^| 

liquiilixoonccotruUnlb]^  evapomtioa,  and  on  oooliiig  itdy  kfi^| 

mixture,  dark  red  sis^idetl  jtUitea  are  formed  ;  it  melts  b^H 

120"  iind  tjo",   and  un  cooling  crytuUixM  in   due  prain^| 

dcliiiuesco  rapidlj-  wbm  tKpoacd  to  the  air.  fl 

Brudic   (Q.  J.   Chem.   Soc.,  r.  289)  GniU   tbat  iodiiH,fl 

healed  with  phosphorus  in  the  proportion  of  1  atom  of  io^| 

lOO  iitoma   of  pho«pliorUft,    converts   nearly   tbu    vltole  (fl 

phoiphorus  into  t]i«  red  variety  dcscrilwd  by  Sdirijttcr.    fl 

phosphoniM  wftM  p}iic<-d  in  a  long  tube,  iind  heated  till  it  just  ^M 

niid  iodine  iras  projected  grailimlly  into  tlie  plioaphorus,  thaH 

niui  ditiKilretl,  colouring  the  phonphoruit  »lightly  ml ;  irben  fl 

by  an  oiUbatb  to  312°,  tbc  oolour  became  deep  red ;  and  i^M 

i^o"  und  266",  a  HOtrlet  powder  vrcu*  dvpositoil  on  the  eidacH 

tube ;  nt  284"  tlie  mass  was  quite  solid,  and  on  raising  the  lH 

391'*  v.,  a  shu])  exploMon  took  place :  a  sudden  cvululion  fl 

<Hvurrf<l,  and  the  cork   nbicb  elooed  the  tube  was  blown  dH 

tbo    vai>our   of   pliovplioruK.        The   rtd  man   may   be  ^fl 

in  closed  tubca,  and  whea  it  is   condensed  in   the  eo(ri^| 

liunM  of  the  tubus  it  is  still  iu  the  red  modification.     TlieeB 

whieU  occur  iu  the  process  are  »ii|)]ioe>«d  to  be  the  bUowin^jl 

Uio  formation  of  biniodide  of  pbosphorus,  next  the  haiiifiiiMd 

ofthi*  iodide  by  heat  into  an  aUotrupic  iodide,  and  tbinlly, 

dc<iiinix»ition  of  this  new  iodide  into  red  pfaoi'pborua  and  ^d 

tflo  iodide,  which  acta  upon  a  further  portioa  of  the  pbos^H 

and  thus  the  action  is  iudefniiteJy  continued.  ^M 

(381)  PuoerniMiDe  (liN^P).— If  tcnJiWido  of  phofl 

he  oookd  by  a  freezing  mixture,  and  satnratnl  with  amt^l 

gas,  a  while  saline   mass   (5  UjN.PCl^)   is  obtained!  ;    t^| 

be   iutroduood   iuto  a  tube  of  Bohemiau   glau,  ami   bc^| 

r«ln<<«M  in  n  eurrent  of  dry  carbonic  acid  as  long  aa  any  aai^| 

Iliac  IN  lublimul ;  a  ycltowuh. white  bulky  amocjibous  pM^| 

Minius  iMihiiid  :  tKi&  substance  is  ttoaef* phc^MSe  iff  a'Un^^^ 

elwL'd  vcMcls  it  sustwns  a  roil  beat  without  fusion  or  i^4^^^| 

but  wbcti  heatocl  in  air  it   is  slowly  oxidized,  with  fb^^H 

jiliiMjiborir  mid  ;    if  pnijcctcd  into  fused  hjdralo  uf  pM^I 

drcoiuintM-il  witli  iucaiidcHccuce,  jJiuvpliate  uf  putaak  bd^^H 

whtlit  umiiionia  and   uitrugeu  arc  diseugagod:  bat  t^^^| 

nlilo  that  tlrj'  cliluriue  and  hydrochlut^^cid  gosot,  aoil^^^| 
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■  wiLhout  action  upon  it,  even  at  red  lieat;  ami  it  is 
^y  KtUirkod  hy  c<iiiceiilrutc<l  nitric  aciil.  Solutions  of 
excTt  scarccljT  Mty  action  upon  it.  When  hnted  in 
BDimrmin  is  funm-d.  It  combine*  with  iitil[)hurettc<I 
lR)|cn,  u>d  if  Itcstcd  iu  a  ourrciit  of  tliis  gas  the  ncv  cnm< 
Md  M  it  i«  formfiiJ  ia  slowly  aultlimetl  in  the  funn  of  n  white 
k-^  '^'■'■m  can  be  no  doubt,  howcrer,  that,  as  stated  hjr 
m-  .  "  w>-caltcd  [i)KX«pbi<le  of  uitrogeu  contaiot  bydrogcii, 
i>liia  nality  pbcMphamide,  (HNjF). 

'  "      '^  dks  or  I'no^Miimtm. — Stilphur  and  plioniihonis 

^ctbcr  in   all  pixiportions :   several  dcfiDilo  enni- 
euit  botween    thcin,  comwponding  in  composition   with 
of  phoaphoniH ;  and  in  addition  to  these,  a  combination, 
nf  be  formed  (Bcrzeliut).     All  thi>  itidpliidoNof  phortphonts 
fnathln  than  either  element  separately,  and  arc  exceed* 
tmtiuiltle :    mo«t  of  tlieui   may  be  obwined  in  crvBtaK 
tmbiiic  with  tlie  aulphidcs  of  the  alkaline  metals,  and  Ibrm 
of  (Icflaite  Milta.     The  comlitnntion  of  sulphur  with  pho*> 
\thi--  '  )  '  ■  iniuiuallyeflpeted  under  warm  water;  great  heat 
ir  nnion,  ami  the  vxprrimeiit  require»to  beoon- 
oarefully,  iu  order  to  avoid  explosion. 


CHAPTER  VIII. 


VILtCOX  iND    aOHUS'. 

^  t.  Simoon,  oa  SiLicioM  (Si=t4).* 

rtical  JfeiuUt/  tf  Vapour  (Si  =  a  Tols.),  0-91574. 

0)  Amnhsien  of  Ihe  Silicon  Group. — Silicon  presents  B 
I  Koal«f;y  with  IxKun  iu  itA  tendency  to  unite  with  fluorine 
"-.;rti ;  hut  its  relationabip  to  niobinm  and  tantalum  is 
ugly  markeil,  not  only  in  tbcae  particular,  hut  in  its 
r  forni  au  acid  with  3  atoms  of  oxygen,  and  its  production 
liquid  hichlortde.     Silicon  likewise  exhibits  a  similar 
daacn  (o  titanium  ami  tin.     These  metals  might  probably 
thttt  in  ft  series  parallel  witlt  niobium  and  tantalom : — 

•«lU  W  anQiistflil  wilb  uhIokj  If  llw  ateoia  woi^t  of  eaibofi  bo 
<f  IU  C  z  I  J.  BiiJ  0  a  16,  in  HooordaaM  mih  Oenianli't  naiatioiii 
thu  o(  ulicvo  as  Jf»  B  all,  ia  wJusU  mm  tihoio  add  wooU  bs 
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Silicon. 


Niobium 
Tantaluiu 


Tituiium 
Tin. 


(383)  Silicon  when  in  combination  with  oiygcn  ia ' 
&h»n<laiit  solid  conijioiicot  of  the  earth's  crtut.  It  u  tlici 
constituent  of  SUex  or  Hint,  and  Iicdcg  tlic  origin  of  tlie 
silicon.  In  onJer  to  obtain  tbc  element  iu  its  unconihincdl 
a  mixtun:  of  fluor-Fpar  witb  fine  (piartzosc  und  or  ground  fli 
heated  vritli  conoentratcd  xulpliuric  nc'iA ;  a  gaseoiu  finor 
silicon  is  formed,  which  is  partially  soluble  in  wat«r,  produ 
acid  solution.  TliU  add  liquid,  when  neulndized  with  fti 
of  ]K>tasb,  yields  a  sparingly  soluble  salt  (K-F,8iFJ.  Thisi 
fluoride  of  |)ota!Miiim  in  to  l)c  thorouj^hly  dried,  and 
glaw  or  iron  tube  trttb  ci^ht  or  nioe-tcottis  of  its  weight  </l 
sium,  and  heato<l.  Fluoride  of  potwainm  is  formed,  whilst  | 
is  rodtiecd  and  partially  combined  with  the  excess  of  pob 
(KF.SiF.l  +  3K  =  2Si  +  3  KP.  ThcmiiM,  wbon  oiW,  i»l 
with  cold  water,  which  produces  a  oopiona  extrication  of  hj 
gat,  owing  to  the  decomposition  of  the  water  bf  the 
potassium.  The  washing  with  rold  nater  is  continued  a* 
BDjr  alkiUinc  rcAirtion  ujjon  tott  |)aper  i-t  ob*erv»l ;  whenj 
ceases,  it  may  Anally  bo  well  washed  with  boiling  water,  to  ! 
anything  i*  diiiKulved.  Sodium  may  he  advantageously  snt 
for  putassiuni  in  this  experiment,  iu  the  proportion  of  I 
sodium  to  a  of  the  nlicofluoridc.  Silicon  may  also  be  ol 
heating  potassium  or  sodium  pLiccd  in  porcelain  tmy«,  in 
tube  lilted  nith  mica,  and  exposed  to  a  current  of  tin-  vai 
chloride  of  silicon. 

Silicon  may  be  obtained!  n  three  distinct  modifieTt ' 
amorpAota,  Si,,  the  i/rajthifaid,  Si^,  and  tlic  crystal. 
6eation. 

1,  Amorphoiu    Silicon,    Si.y. — When   pn)cun'd    by^ 
cesses  nbons  described,    silicon   presents   the   apf 
dull    tHPowo   powder,    insoluble   in  water,    ia  which  itj 
It  is  a  DOO'Conductor   of  electricity  ;    it  soils  the   lit 
touched;  it  is  not  acted  upon   by  nitric  or  t»I[thiirio 
is  readily  aoluble  in  hydroRiioric  add,  and  in  a  wanxLj 
potash.     W^icn  heated  in  air  or  in  oxygen  it   ' 
and  is  converted  into  silica,   which  fuses  trc. 
emitted,  and  forms  a  suiierficinl  coating  over  the  udI: 

3.  GropfiHoid  Silinn.Sifl.—T     '      -  -  ' 

ir  heated  inicuBcly  iu  a  dosed  pl;i 
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cf  livilrogcn,  shrinks  greatlf,  becomes  much  (leaser  and  darker  in 
eoloar,  and  undergoes  a  remarkable  cbaiigc  in  prupi'rtie*.  After 
neh  igaition,  ihe  sUicoti  ma;  be  beatcd  strongly  in  air  or  ia 
;  toygcn,  even  when  ur^l  in  ilie  blowpipe  flaint,  nilbont  taking 
1  ire;  it  hav  become  sufficiently  heavy  to  sink  in  oil  of  vitriol,  aud 
itreasu  the  action  of  pure  hydrofluoric  acid,  altboiigh  if  treated 
*ith  a  mixture  of  nitric  and  hydrofluoric  acids  it  ia  rapidly  dis. 
aolrcd.  It  may  even  !«  fu-Hsl  with  nitre  or  with  chlorate  of 
potash  without  undergoing  oxidation ;  but  if  the  heat  be  urged  to 
vhiieiicss,  the  ulicon  bunm  brillinntly  in  the  nitre;  the  oxidation, 
liovcvcr,  is  much  hastened  by  the  addition  of  a  little  carbonate  of 
p>u»h  ;  the  roixtnre  tlu»i  deAjigrntcs  briskly,  even  though  it  may 
be  at  a  much  lower  temperature :  by  fusion  with  earbouat«  of 
potash  alone,  Mlicon  iit  KnsWy  and  completely  oxidized ;  in  both  cu»c-«, 
tilica  ia  formed,  and  ia  immediately  dissolve<l  by  the  melted  alkali. 
Hk  propcrtii.'^  of  this  compact  form  of  silicon  much  rcsL-iiiljlu  the 
psjihitoid  mo<Ufication  described  by  Deville  and  by  Wiihler,  who 
tiitaincd  the  silicon  in  hexagonal  plates,  by  trirating  an  alloy  of 
dkon  and  aluminum  with  hydrochloric  acid,*  the  silicou  remains 
kdiind  in  the  form  of  hcxagouid  plates,  which  have  a  sp.  gr.  of 
l'49,t  and  a  metallic  lustre.  In  this  form  it  is  a  couduetor  of 
llcetricity;  it  may  be  healed  to  whiteness  in  a  current  of  oxygen 
vrthont  undergoing  change,  but  it  is  gradually  dissolved  by  a  mix- 
toe  of  hydrofluoric  and  nitric  acid,  though  it  is  oxidized  but  very 
ilcnrly  when  fu.<^  with  hydrate  of  {lotasli.  When  heated  in  a  cur- 
icnt  of  hydrochloric  acid,  a  volatile  liquid,  the  hydrachluratc  of 
I  fTotocbloride  of  silicon,  (a  HCl,  3  SiCl)  is  formed  (388  a),  whiUt 
I  hdrogcD  gas  i«  libc-ratci]. 

[  ^.  Cri/ttalline  SUicon,  Si^. — According  to  Devilie  {Ann.  de 
I  Cl»»,  III.  xlix.  65),  silicon  requires  for  its  fusion  a  temperature 
I  between  the  mating  point  of  ca»t  iron  and  that  of  steel.  In  order 
I  to  fuse  it,  he  introduces  the  silicon  into  a  platinum  crucible  lined 
I  vilh  lime  and  protected  by  an  outer  clay  crucible;  the  whole  \» 
I  tbeii  intensely  heated  10  a  wind  furnace.  If  the  lining  of  htue 
I  (neks,  and  tlie  silicou  rcacheH  the  platinum,  the  crucible  is  spoiled, 
I  wing  to  the  formation  of  a  silicidc  of  platinum.  Fused  nilieon 
[  Bty  also  be  procured  wheu  the  mixture  of  chloride  of  sodium 
■ilb  reduced  silicon,  obtained  by  iguitiug  sodium  in  the  vapour  of 
chloride  of  silicon,  is  placed  in  u  cnicible  lined  with  charcoal,  and 
I  opoaol  to  ititenac  beat  in  a  forge ;  the  chloride  of  sodium  l>ecuiiics 

*  -~        '1  st'P"'*  ^  bftv*  tho  snmc  fiort  of  tendency  10  couibiuH  with 

ist  cafhon  ha*  to  iinito  "ith  iron. 
;  I  luuad  a  aample  of  gnpbitoid  liiicuu  to  ])oueH  a  ap.  gr.  of  i'^^*;. 
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TolattHiod,  sod  Uie  rilicon  is  Aucd  into  gtobalo*  In  ibi;  mill 
mcllcd  glksn.     Tlicee  globula  frerjucntly  &liow  wcU-tnariic 
tioiisoforystidlixationiiifomia  protwliljr  licloDging  to  tbc 
tjtUsta  ;  they  hhve  s  dark  ttcol-grry  colour,  and  «  liutre  I 
of  apocular  iron  on.' :  now  and  then  the  eiliooa  w  fi>und  c 
In  K^^Imr  double  eix-aid«d  pyramids.     It  may  uUu  be  obt 
rtgular  six-suled  pmmB  tcrmiuatul  by  tlircc-sidod  pyt 
riviil   fn>i»   tbc  ocloliedroii,  by  cxpoBing  pure  uluniiiiuin 
cvlaiu  tnys,  healed  intently  iu  a  |)oroelain  tuW,  Lo  a 
vnpour  of  chloride  of  silicon :  tlie  alumiiiuui  i»  volatilized  j 
ride  of  alutuiuum,  leaving  tbc  itilicou  in  crj-etals  which  linv 
diah  \a*-tTc ;  they  are  bard  enougb  even  to  cut  gbua  like  tlie  i| 
Crystals  of  siticou  may  lilicwiHe  be  procured,  and  with 
eulty,  by  Iveating  au  eartbeu  cruciUe  to  reducw.  tud  inl: 
n  niiMurc  of  3  parts  of  xtlicotluoridc  of  potafsium  with  : 
sudiuui,  cut  iuto  email  pieces,  and  i  of  graiiulaled  liitc- 
lurr  must  bo  maintaintid   nt  a   red  lieat,  but  below 
niure  ncoCMaiy  to  Tobtilize  tbc  siuc,  until  the  sbig  is  < 
molted:   it  must  then  be   allowed  to  cool  slowly.     HiaJ 
ntio  thus   obtained    contains  long   iieedles  of  ailicoa 
rlioiiibic  (?)  oduht-dm,  iusertcd  one  into  tbo  other :  the  I 
may  be  removed  bydigeatioti,  firat  iu  hydroehlorie,  and  1 
bmliii4(  nitric  acid.     If  n  very  high  tcmpentute  be  em| 
thin  DiKTnliiin   the   wttotc  of  the  zinc  may  be  expelled, 
silicon  M))tiiint'<l  tti  tbc  ftiwd  condition. 

Silicon  forms  two  oxides ;  oue,  which  »  of  recent 
Mid  i«  only  known  in  tlie  hydratod  state;  the  other  u 
known  compound,  silicaj  or  ailicic  add. 

tki 


J"  AnXr*\  oxlil*  of  lilSoon,  anO,3SiO=S4|  ^0-00 
ctosi'ul         SiO.ejftI   46«     1^^ 

^K^l  Silicic  Acid  or  Silica,  (SiO,  =  30),  $p.  Gr. 
Miwh  kliflu'nUy  lia*  been  nptTienn^  in  di'i-iding  im  tbo 
t*lf  |in»purttiHiaU  of  oxygmi  lliat  this  oumfiouud  eouloina. 
MpttiM'hiKil  it  as  a  terukifie.  There  ore,  howctcr,  nm 
IwwU'i  tl  tuoni  probahltt  that  it  conl«iii»  only  i  slonu  ofj 
tuil  Ihil  U  cornispoudfl  in  coiopouikio  to  carbonic 
^^ .  itoni   of  cbluridc  of  »ilie<iu,   who-o  conv 

v..  '  'if  I'uriniiig  an  cict'ption  lo  the  gcncnl 

iiui  Ihf  tltMxy  of  Uerseliut,  wouUl  thm  prodonj  3- 


-.'  ,t 


ruirAiATioii  or  rciiB  siucic  acid. 
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Bnlc  acid  a  expdiod  wlicu  tiic  proportion  of  silica  is  to 
u  30  U)  69.*     Cimvliii  lin»  (:alailiiU-<l  ttic  furiuulu 
lunl  Hilientes  apon  tliia  suppoeitioi),  and  bis  furmolc  linro 
.  bjr  Brooke  uid  Miller  in  tlieir  trcatiMoii  Mincndogy. 
bait  the  wlvaDtagc  of  greater  eimplicity,  and  it  will  be 
nl  in  tbifl  wvrk.     Aocordiiig  to  tlic  esperimeutn  of  Dumio, 
Ijarta  iif  silica  contain  46*7  of  silicon,  and  54*3  of  oxygen. 

silira  occun  in  rocli  cryittid  aitd  in  •oiiic  formit  of  qunrtt, 
tu  aix-sided   prisms,   transvcrwly  striated,  and  tenni- 
(-fidwl   pyraniidk.     It   in   noirly  pure  in  iigntc,   ftist, 
'  auA  opal ;  it  constitutes  tho  principal  ingredient  of  all 
I ;  uid  it  enters  largely  into  tbe  compositjou  of  fcUpar, 
.  rariety  of  ininflralH.     Pure  ailiea  is  perfectly  transparent 
rlcMt ;  in  hurdncu  it  approaches  tbe  prectoos  gems.     A 
intcuvt!  tu  that  of  the  oiybydrogen  blowpipe  is  re()iurcd  for 
)n  i  it  UiOD  melts  to  n  tnuupsreat  gUum,  which  may  be 
into  due,  flexible,  elastic  threads.     Native  silica  is  inso- 
water,  and  in  all  Bci(li>  except  the  liydroflnoric     It  is  not 
wbim  hiaUed  alone,  but  when  heated  iu  a  current  of  steam 
partial  sublimation,  lux)   vs  thus  frniucntly  found  in 
of  (umace*,  forming  couct^tiouary  nodules,  somewhat 
e»lccdooy  in  appcaruoec. 
rtUiuH, — Silica  presents  the  characters  of  an  earth,  but 
I  luoluble  it  possasMX  feebly  acid  pro])erti<!s,  as  is  shown  by 
prucbM  of  obtaining  it  iu  a  alale  of  piirily  : — A  mixture 
of  potash  and  soda  is  fused  by  a  red  liL-at,  and  ouo* 
<  i^lit  of  );niund  Sint,  or  Homc  otiier  !iiliccoii!i  mineral 
r,   is  Bdde<l  in  ttmidl  quaittitics  to  the  melted  mass; 
I  addttion  a  brink  eflTcrrescence,  doc  to  tbe  escape  of  carliouio 
))la4!c;   tlic  mixture  is  then  heiitrd  strongly  for  some 
It   i»   Hfterwarda  allowed   to  eool,  and   it'  digested  in 
tlw   nuua    is  slowly  dissolved,    with    the  exception  of  & 
uf  tlic  impurities,  audi  as  oxide  of  iron  and   titimic  acid, 
ilbc  Kilioooos  materia]  may  have  contained.    A  larger  quaa> 
Tiilica  Uinn  titat  above  indicated  would  stillyicld  a  niixtore 
lit  bt-  hiud  by  11  ktrong  beat ;  but  it  becomes  las  aolublo  , 
to  the  cxcoM   of  silica,    till  at  length  a  point  a 
i«i  whkli  it  is  no  longer  soluble  iu  irater  or  ia  the  corn- 


ea Yorko  (PAVi.  3Va»4..  185;)  We,  liowowr, 
.:rboiiic  acid  cxpuUed  by  cijutu  ir«if;bt«of  lilwa 
I  7(lxiii«t>'<.  vuriiM  witb  lliv  nature  of  ibu  b«ai  J 

„   -    -..  -.  —^-r  pru^niott  tbia  cnrbooalcof  ixviuh,  anor] 

■f  LtiuB  uu'rif  Umq  osTDoumte  of  khIo,  wLurv  vqual  ijuautitius  o^f 
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mon  adds ;  iudccd,  it  forma  the  ba«ia  of  gbias.  'n*leu  it 
'propuM'd  to  obtiiin  pure  silica,  liuwcvcr,  an  oxccm  of  alkali  ia 
alwftTB  used;  the  rcsultiug  compound  ia  then  easily  attacked 
by  acids,  in  whicli  it  w  wholly  di^Folvcd,  if  tlic  acid  be  diloM 
and  iu  sutHcicnt  quantity.  If  the  sohitiou  iu  hydroeliknio 
acid  ix  evaporated,  the  «ilieu  k  scpiiratcd  as  a  gelatinous  hydiit^ 
vhich,  by  coiitiouiug  the  heat,  is  converted  into  a  white  eartbj 
powder  no  longiT  i-ulublu  in  ucid»:  after  licing  digested  with  oj 
of  vitriol  to  remove  traces  of  titanic  acid,  and  decanting  thl 
strong  acid,  it  mui^t  be  well  wanhcd  as  lung  lu  anything  isdi^ 
solved ;  if  then  dried  and  ignited,  it  is  perfectly  pure. 

As  thus  procured,  !>ihca,  like  charcoal  ami  other  poroos  bodies 
yapiilly  absorbs  aijueous  vapour  frr>m  the  air,  without  tMHXMnil 
I'Knsibly  moist.  Whilst  in  this  extreme  state  of  subdivision,  ii 
particles,  when  heated,  exhibit  a  singular  mobility ;  Ibcy  floi 
almost  like  a  liquid  when  the  cnicihle  containing  them  u  incline^ 
and  they  arc  ticattered  by  the  lea.4t  breath  of  air. 

Vcrfcetly  pure  silica  may  aliio  be  procured  by  transmitting  thi 
gaseous  Huoride  of  silicon  into  water ;  a  partial  deooni()o»ition  of  tlM 
1  gaa  occurs,  aud  one  third  of  its  silicon  is  oxidized  and  deposited  il 
white  flocculi,  which,  if  wa&hed  and  ignited,  furniiih  silica  of  t-oov 
whiteness;  3  SiFj+zIIO,  yielding  SiO.  +  a  (IIF,SiF,).  Sili« 
may  likcwiHe  be  obtained  nearly  pure  by  hi'^ting  coloorlces  qnait 
to  redness,  aud  quenching  it  in  water;  the  mineral  is  renden 
friable  by  this  treatniout,  and  is  then  eanily  reduced  to  a  fin 
powder :  cx>mmon  fliuts  treated  in  a  similar  manner  give  a 
white  iKJwder,  nhieh  i»  nearly  pure  silica. 

(.1^5)  ^^ydratcg  of-  Silica. — Insoluble,  however,  m  silid 
generally  is  in  water,  a  modification  of  it  exists  which  may 
dissolved  completely,  though  iu  small  quantity.  When  dissolveJ^ 
it  furnishes  a  tiu^teleM  solution,  which  does  not  redden  litmiil 
and  when  evaporated  at  a  gentle  heat,  tlie  solution  leaves  a  M 
transparent  mass,  which  by  further  desiccation  crumbles  to  awUU 
powder.  This  white  pander  is  generally  stated  to  1>c  solubfo  j 
dilute  acids;  but  Dovcri  (jtnn.  rfe  CliimU-,  IU.  xxi.  41)  cnnsida 
that  this  is  an  error,  arising  from  the  [Ksrfect  transparency  wba 
the  hydrate  of  silica  assumes  when  treated  with  dilute  acids.  ] 
the  solution  be  filtered,  nearly  the  whole  of  the  silica  remain*  fl 
the  fdtcr  iu  the  form  of  a  transparent  jetly.  Silica,  in  fact,  whe 
once  deposited,  even  in  the  gelatinous  form,  ia  almwt  insolnhl 
either  in  water  or  in  acids;  but  in  certain  cases  the  ulica  is  di 
solved  at  the  moment  of  its  liberation  from  some  of  its  componDl 
nhich  arc  already  in  Golution.     For  iubtaucc,  if  a  dilute  aolaiif 


K»    ol-    BlUCIC  ACID— A&tiriOUb  tTONB.  223 


kftlino  Mtltcate  lie  poured  into  a  considerable  exceu  of 
■cid,  lliG  wliole  of  tlic  >ilica  U  rulniucd  in  solution  : 
may  be  prmpiuted  froio  this  soid  solutiou  by  the  gnuliud 
bof  potash,  to  »»  to  ucutraliec  the  odd  :  uid  if  to  n  solu- 
ftu  alkKliim  niUcaie  in  water  liydrochloric  acid  l>e  addled 
■,  tbc  citicH  ia  precipitated  in  n  gclatioous  form  iq  pro- 
n»  i)ir  alkali  w  ueutralizied. 

lerc  ia  conHdcrablc  difiicnlty  in  obtainiog  a  definite  bydrat« 
n,  Bfi  it  coaily  Uues  a  [lortion  of  its  water  at  low  temper*- 
■Dd  ia  tDoreovcr  »  rcry  hygraeoopic  enbstauce.  Ebeltneo, 
>  »eHoa  of  moiat  air  ujxtn  tulieic  etlwr,  obtained  •  truua- 
,  gtnsy  hydrate,  which  bad  a  eomiio«itioa  represented  by 
trattila,  3  HO,  3  SiO^ ;  and  a  compound  which  gnve  similar 
,00  luialyaiB  waa  procured  by  Dovcri  on  drying  the 
,  ^Intiiioti'*  hydrate  of  silica  in  itacno  over  niilphurtc  itcid 
DO  aid  of  licat.  Fucbs  obtained  two  hydrates  of  silica, 
ining  from  t^'i  to  9'6  per  cent,  of  water,  correspooiliDg 
ittln  3SiU,,[]0,  which  requires  9-1  per  cent.,  tbc 
reon  6-6  and  7  per  cent.,  aj;rccnng  nenrly  with  tlic 
I  SiOj.HO,  which  would  concain  6*9  per  cent,  of  water. 
whit«  and  light  hydrate  of  silin  occurs  nalundly  in 
ill  beds  situated  at  the  base  of  the  chalk  formation, 
tlifl  upper  grccnsand  and  the  gntdt:  (he  ]>roportiOQ  of 
st  nlicA  in  thcw  dqiosits  varies  very  greatly,  ranging  from 
^w^  OS  71  per  cL-nl.,  being  inoat  abundant  iu  tlic  upper 
loTtbe  dcpotut  (Way).  A  mixture  of  tbia  material  with 
■me,  wlieu  made  into  a  pMtc  with  water,  is,  in  a  few  weeks, 
■d  intu  a  nilicatc  of  lime,  and  the  change  ia  accelerated  by 
mtUB  of  a  or  3  per  cent,  of  Bo<hi. 

■Hkt  ailica  may  be  gradually  conrerted  into  the  soluble 
P^'Jong  digestioa  with  *«lutions  of  tbc  alkalies.  Even 
Itiwir  uiigrouml  ennditiou  may  he  dissolrcd  in  atrong  solU' 
^■■tic  otknli,  if  the  solutiou  be  digewted  upon  them  under 
BIK'k  tempmuure  of  Iwtween  300°  and  400°.  Tlie  very 
■kted  Miliitioo  of  silicate  of  potash  or  of  soda  of  glairy 
mxt  I'ly  ihiia  W  fomipd,  ha»  hern  uti«l  by  Mr.  F. 

^K|j,  I  li,  as  a  cement  for  consolidating  siliccouE  sand 

^^hfietaJ  stotui : — 8»c1y  dividMl  siUiceouB  saud,  miiod  with 
^^■tao^ng  material,  is  moistened  with  this  cement,  and 
HHftinlds)  after  grailiud  drjuig  the  moss  is  fired:  at  a 
■Dporat'UY!  the  ailteato  becomes  scmi-Titri6cd,  and  aggluti- 
l|Kniiti«  of  sand  1  a  rety  hard,  durable,  artificial  sandstone, 
^BEdw  to  being  fired  can  be  mooideJ  into  any  destni 
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form,  U  thus  olituincd.     Fiii«Iy  divided  bydrate  of  silica  nj 
toWcd  by  th«  ollcaliiic  carbonates :  the  raiboiiatcs  sure  only  | 
decomposed  bjr  tbc  siliL'a  whicti  is  dissolved.    It  a)i|iciin  to  bej 
to  tbe  Hulubility  of  silica  iii  solutions  of  the  carbonates  tbat  i 
all  siiring  and  river  wnton  ooiituia  »ilicn  in   »ulution  lu 
quantity ;  on  evaporation   the  silica  is  obtaiucd  in   tlie  in 
form.     When  the  nctioa  of  tlie  alkaliiic  liquid  is  aided  by 
ft  higli   tenijic future,  aa  ia   ihc  ca&e  witb   the  Qeyten  nr  I 
Bpriugt  of  Iceland,   very  larfc  quantities  of  silica  a^ 
vhich,   a*  tlie  liquid  eools,   are  dejioftitcd  as   '  petrir.>L 
aUTTouuding  objects  cxpotoL  iu  the  basin  or  in  the  etn-ao 
Silica  also  exists  in  the  soluble  form  in  a  vhuu  of 
lenned  jtcolitcs,  which  are  kydratcd  siliceous  comj: 
found  in  the  ovities  of  the  amygdaloid  rock*.     Tlic 
finely  powdcnnl,  and  treated  with  hydrochloric  acid,  swdl ' 
traiiBpikrcut  jelly  ;  this  gelatinous  uiasa  is  the  hydnte  of  i 

ThcAc  oWrvatioiiit  on  the  various  cooditioos  ondcr ' 
may  l>e  rendered   soluble  derive  their  interest  from  the 
formation  of  crystallized  silica,  so  abuudoutly  diffuwd 
surfac«  of  tlie  earth.     The  seolitcs  may   bare  beai 
deposition  from  i^olution;  colccdony  po«^bly  by  spur 
taon ;  qoortx  and  agate  by  cryatolliutiou  from  on  aqneoua  I 

{386)  5«/»c<i/o*.— TIm!  silicates  ore  moat  aliuudaut 
duetions.     Mi  the  forms  of  clay,  felspar,  mica,  bombli 
]«i]ge  number  of  other  conunon  miocnla,  ore  oomf 
description. 

Silica  cowbiiit^  with  bases  iu  several  diffarent 
most  of  its  compounds  are  found    in   tlio  fem    uf 
minerals,  many  uf  whtcli  ore  double  silicates  of  very  ooin| 
position.     Tfac  cumbinatioDs  with   bitM^<  whicli  an  uf 
oocurrcoce  belong  to  unu  or  other  uf  the  fuliowing 

^Silicsie  of  litse  jCtO.  3! 

,  HO.  3  SiO,or8es,»l.iUast«    «--'-«,7j>>r-)  ^  ^^^^^ 
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"i-iilesare  fusilile;  tlicirfu&ilillity  »  iiiorraiv»]  by 
r  I'.licr)   tliiMC  wliichf.'uiiL-iin  rciuliij- fusihic  oxides 

||tb4-  lowckt  tcwperature,  aud  in  ^nCTal  the  basic  silicates 
brc  rca4]iW  (Iidd  tliosv  vrlitch  arc  neutral  in  com  position,  or 
tiljun  cmriui  of  ai.-id.  AH  tlie  «ilical<n  are  iiiHoluidc  in 
ith  the  <*sccp{ioti  of  siliaitcs  of  the  alkalies  which  coutain 
tiitnouiit  of  IiAAc.  The  hjdrated  BilicateH,  nnd  tliOMC  which 
the  lur^-Dt  proportion  of  hose,  arc  those  most  easily  doconi- 
ndtU ;  but  the  atitiydroui  neutral  and  acid  nlicatea  of 
are  not  dccomiw^cd  by  any  acid  except  the  hydrofluoric;. 
may  be  detected  by  fusing  them  nith  citrbonittc  of 
if  potasb,  and  then  heating  the  residue  with  acid,  and  crapo- 
uckn  ;  an  treatin)^  what  w  left  with  hot  water,  tbc 
undissolved  in  the  form  of  a  white  powder,  which, 
il  with  cwbonnle  of  aoda  upon  jilatinimt  foil  before  the 
;  Jidda  a  roionrlcsfi  licad  of  glass.  The  freedom  of  silica 
may  Ih-  aaa^lained  by  ita  being  volatiliu'd  without 
ben  evaporated  with  pure  hydrofluoric  acid  in  excess, 
tanot  attacked  by  fuaion  with  inicTOOO«mic Halt,  but  in  left 
tuius  in  tile  clear  head ;  if  any  earth  or  base  be  pre 
Iicad  b  gtMirratly  more  or  lcs«  ojialesccnt.  Borax  dlaiolvcs 
ly,  when  fused  with  it,  forming  a  clear  eolourlesa  bead. 
b  aeiJ  character  U  m>  feebly  marked  in  Mlica,  that  the  onli- 
l^table  arid»,  such  as  the  acetic,  the  osalie,  and  the  tartaric, 

ff  ailicm  from   it*  combioation^  with  Uie  alkalies ;  and  a 
f  carlmnic  acid  gas,  or  even  the  gradual  absorption  of 
irid  fnint  tbr  itliiKjcphirre,  pi'odiices  a  aimilar  result.     At 
•ture,  however,  the  action  is  reversed  ;  for  aa  silica 
1  to  any  jxiroeptihlc  extent  by  the  heat  of  a  furnace, 
ix-a  the  carlmnatcB  and  the  salts  of  all  the  volatile  acids 
tsd  with  tliem  ;  thus  ev<rii  the  suljilinte*  yield  up  their 
tlui  ailica,  whilitt  tbo  aulphnric  acid  is  expelled. 

IlvuatTKb    Pkotosidk   of   Silicon   (aHO, 3SiO). — 

lOnlliKcd  eUicon  is  heated  to  barely  viiiiblc  redness  in  a  cur< 

hydrochtonc  acid,  hydrojEeu  i»  liberated  and  a  toIb- 

,  hyinxdilurate  of  protoehloridc  of  silicon  (a  IICl,  3  SiCl) 

;   ibi>  (x>m[)ound  when  DttM^l  witli  water  i»  immediately 

into  hydrochloric  add  aud  a  voluminous  white  powder, 

roU>xidc  of  diltcoii ;  aHCI,  3SiCl4- jHO  becoming 

hydnitcd  oxide  of  tilicon  at    temperature*   nborc  32°. , 
•  ict    with   water,   undergoes  oxidation,  and  evolv- 
I  ulUcr   aud  Bulf  {Ann.   <U   Chimie,    IJI.    lii.    irh; 
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dcceribc  this  oxide  when  drj-  aa  a  Miow>«-1)ite 
light  to  floAt  upon  irator,  tliough  it  sinks  in  rtlicr. 
alkiiliGs  and  their  cu-ljonatet  disMlIre  it  npidlj-  wiili  In 
vcsocnce,  owing  to  the  fonnAtion  of  a  BJlicatc  of  the 
h^drogc-ii  escapes.  Tlid  iu^il»,  with  tlie  ciceptJoii  of  thobj' 
do  not  act  ujkki  it.  It  ma;  be  heated  io  sir  to  370 
nltcrattoii ;  but  st  n  HOinewhat  higher  temperature  it 
burning  with  sdntilUtion,  and  emitting  a  pbosphoreeceni 
the  Kamc  time  giving  olT  hydrogen  gu,  whieb  burnt  ca 
If  heated  in  a  closed  crucible  it  ia  deooniposnl  into  a  n 
silieou  and  iiiliea  ;  hydride  of  tilieoit  (386  b)  being  libn 
under^going  immediate  decomposition.  Ilydrated  pnM 
nlicon  is  slightly  mlublc  in  water,  but  tlic  liipiid  quick 
goeA  decomposition,  cvolnng  hydrogen  gas.  The  solm 
Rtrong  reducing  imwcr,  precipitating  gold  and  pnlladi 
neutral  solutions,  in  a  metallic  form.  It  alw  inslnntly  I 
solution  of  pcrmangnnatu  of  potash ;  and  throws  doai 
Keleiiiuni  and  tellurium,  from  solutions  of  f>clcnjuuii  aud 
:icid8  in  bTdrochloric  ncid.  \Vijhler  and  BulT,  bowerar. 
jTohable  that  this  solution  contains  a  still  lover  oiida 
than  the  one  above  dcscril>c(l. 

The  while  liydrated  protoxide  of  silicon  U  bMt 
placing  cryriulliicd  «ilieun  in  a  wtdo  glasi>  tube  connect 
IJ-tnbe  cooled  by  a  mixture  of  ice  and  salt,  whiNt  the 
terminates  in  a  bent  tube  dipping  into  ice-cold  water ; 
is  to  be  raised  to  a  barely  visible  red  heat,  and  a  cuirfl 
hydrochloric  acid  gw  traii:<mitled  ;  hydrorliloratc  of  prot 
of  silicon  is  formed,  and  iu  part  condensed  iu  the  U*tu1 
portion  which  pn^scs  on  Es  decomposed  by  the  valcr. 
iKuts  white  precipitate  thus  formed  conuats  of  the  hyi) 
oxide  of  silicon,  and  iit  to  be  quickly  pressed  betw 
blotting-paper  and  dried  in  mwo  over  aulphnrio  add. 

(386  A)  HvwainK  oi"  Silicox. — Along  with  tin-  (utj 
pound,  ^V oilier  and  BulT  have  uImi  described  a  Tcmar1fl| 
combination  of  hydrogen  and  stlicuii.  It  Ims  not  ben 
iu  a  pure  slate,  but  may  be  obtained  mixed  with  a  t^H 
of  free  hydrogen  aa  a  spontaneously  intlnmmslile  gw,^| 
or  plate  of  aluminum  oontiiminatcd  with  siUnoa  ia  phuxd 
tion  of  chloride  of  sodiiuu  and  made  tlui  positive  pole  d 
voltaic  battery.  A  lat;gc  surfaoe  of  aluminum  and  the  1 
of  any  conrnderablc  elevation  of  tempeiature  ue  bm) 
insun  the  maximum  pro«tuetion  of  the  h.  '  '  ' 

The  eloctrulylic  gas  is  culourlcn;  ,«n]  u 
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tke  ur,  it  cmiu  white  fumes,  oonsUtiug  of  amorplioua  idlica.     If 

K  cold  plate  of  porcelain  or  uf  glaf-i  lie  introduced  into  a  jet  of  the 

Innuiig  f^,  a  brown  film  of  redacod  silicon  is  deposited  upon  ita 

•Biface.      It  i»  also  dccompoMd  by  trausmisBion  through  a  glojis 

tnlx!  heated  to  redness,  when  a  coating  of  reducod  Hilieiiu  is  depo- 

■led,   and  the  gaii  in  foaiid  to  hiive  lost  its  se]f>l)gbting  power. 

Its  exact  compoftition  ia  not  known.     This  gas  ])recipitHtc<i  many 

uteialiic  ttoltitionn,  such  as  sul|>hcitv  of  copper,  nitrate  of  silver  and 

(Uoride  of  palladium  ;  hut  in  without  action  upon  the  solutions  of 

lead  and  of  platiuum;  the  prccipitate«iu  most  casi^  contain  siliccin. 

livdride  of  silicon  may  altio  be  obtained  by  decom[iosing  with 

tdi  diluted  hydrochloric  acid  an  impure  silicido  of  magnesium 

olitained   by  nkixing  intimately  40  puru  of  fn*cd  ehluride  of  mng- 

'•*^'i™(   35   of  dried  silicoHuoride   of  sodium,   and   10  of  fused 

diloride  of  aodinm ;  these  arc  mixi.i)  in  a  warm  dry  tube,  wilh  so 

firts  of  aodium  in   small  fragments  and  thrown  into  a  Ilcs&ian 

owdhle,  heated  to  redne»ti,  which  is  iinmediaU'ly  covered  and  heated 

I^  the  vapours  of  sotlium  cease  to  burn. 

Xiiride  of  Siiicvn  may  be  obtsiued  by  the  direct  action  of 
ntrafm  opou  silicon  at  a  very  hi^h  temperature ;  crystallized 
ebcoti,  when  hcainl  in  nitrogen  gas,  Incoming  coated  with  a  light 
lihush,  fibrous  rompound  of  tlie  two  elemental.  'Hiis  nitride  may 
be  heated  to  redness  in  chlorine  without  undergoing  dccompoisi- 
tion.  When  heated  to  full  redne-iH  in  a  enrrent  of  aleam,  ammonia 
it  discDgi^ed  abundantly  and  silica  is  formed. 

(387)  SoLriiiur.  OF  Silicon  (SiS^=4fi). — A  sulphide  corre- 
tpnnding  in  eompoaitiou  to  silicic  acid  is  formed  by  transmitting 
the  Ta)iour  of  bisulphide  ofearlion  over  a  mixture  of  finely  dividexl 
■Qica  and  carbon  :  and  when  cither  compact  or  pulverulent  silicon 
a  Urongly  Iteated  in  an  atniOi'plR-rc  of  sulphur,  combustion  occurs 
with  a  red  glow,  and  a  white  earthy-looking  sulphide,  which 
npidly  ahsorhs  moisture  from  tho  air,  is  the  result :  it  is  com- 
pleteljr  aolnblc  in  water,  hut  it  is  decom|>osetl  whilst  undergoing 
tOlirtioD  ;  SiSj  +  2  HO  becoming  SiO,  +  3  IIS ;  sulphuretted  hydro- 
|ED  and  aoluble  silica  being  formed :  tlie  silica  may  be  obtained 
M  a  jelly  by  evaporation. 

(388)  t:HLOBioE  OP  SiMcox  (SiCl,,  =  85). — Comb.  Vot.  a» 
Vapovr,2;  Sp.Gr.  of  Liquid,  v^2^-j  at  ^l":  of  Vapour,  ^•^^g;  Boiling 
P$.  138". — Thi»  compound  may  be  formed  by  heating  silicon  in 
dilorine,  or  more  economically  by  the  following  indirect  method. 
Finely  powdered  ailica  is  made  up  into  a  paste  with  oil  and 
tharooal,  heated  in  a  ravcccd  crucible,  and  the  charred  mass  in 
fiigmcots  u  tntnsfcrred  to  a  porcelain  tube,  in  which  it  is  ignited 
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Bulijectcil  to  n  current  of  dry  dilorinc  ;  ocither  efalariae 

cnrboii  wparatel}'  can  decompose  silica,  but  together  they  tth 
decomposition  ciunly  ;  carlioiiic  oxiilc  cacapiiig,  wliiUt  Mi 
of  wlieou  i»  formed ;  SiO,  +  CI,  +  aC  =  (CO),  +  StCI j.  TUc  pn 
is  roccited  into  vcssrU  cooled  with  a  frcceiiig  mixture.     Fig 

Pis.  >9t. 
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ehovB  »  form  of  spparatuB  hy  vhich  the  ctiloride  nny  be  i 
proparoil :  d  is  a  porcelain  tube,  which  eontiiius  tbc 
ehnrconl  nnil  silica;  chlorine  is  libcnttetl  ftom  llic  flank,  a, 
with  water  in  n,  dried  by  traosmitting  it  over  pumice  and  anlf 
acid  contained  iu  the  tube  c,  and  alloifed  to  tmu>  tlirouBh 
n,  uhieli  with  its  contents  is  exposed  to  a  red  heat  in  ihc  fa 
^)ie  chloride  of  nilicon  di»tiU  over  into  the  U-nt  lube,  a, 

.  condcused  by  iramersion  in  a  iWcting  toisture  of  ioe  anilj 
'a  ttihe  (u»eti  into  the  hcml  of  the  tutie  t,  conveys  tbo  < 
bottle,  o,  which  may  also  be-  kept  cool  by  ice. 
Chloride  of  silicon  b  a  tmniipiireiit,  cotourlcss  Ii4nii), 
ntngent,   acid,  irritating  odour ;  it   is   vcr}-    volatile,   and 
Htroiijfly  in  the  air.     It»  ooiiijKi;>iuun  is  (he  fitlbwiug : — 
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'■  c-omposcB  cliIoriHc  of  silicon,  dqwsiting 
{;  )i}'ilroclilofi<:  iictd.     A  nioi»t  iitmo- 
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on 
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1 


t  nho  dccomiioetit  tbo  chlori<)e,  causing  the  deposition  of  stUn 
iqtte   Urocllu'  pUte*,  vrliicli  like   tlic    iiiiiirr»l  /lytho/ihane 
c  tr&RBparcnt  irhen  immersed  io   water,   but   resiime  t)ieir_ 
f  ou  drying  :  Uw  citiccou*  deposit  obtained  from  the  joint 
'  .     '   Hj,  knowu  as  labasAeer,  exhibits  the  same  perulisritj 

Moridu  il(M-K  »ut  »ct  on  potassium,  but  if  the  mclul 
io  its  ropour,  chloride  of  potassium  is  produced,  and  silicoi) 
frpc  i  tbix  i»  our  nf  tlie  beet  methods  of  obtaining  mIicod  ^^ 
coinpuaiidti   l>rtween  the  sulphide  Mid   tlic  chloride  0^1 

bcenobtoiucd  (Pierre);  thc^  majr  l>c  rcprcscnto<l by  tlie 
Sis.,  a  SiCl^  Sp.  Gr.  of  Vapour,  $-2^)*  aud  (a  SiS^.SiC'l  Jj 
uf  .^Uirwi  (SiBfj)   is  analogous  in  properties  to  th^ 
it  muy  bo  formed  in  a  itirailar  manner. 

UIm)    IlYriKDCIII^HATK  Or  PuoTUCULuaiDC  UF  SlLICOK  {iHCI^ 

a.'*-"j'  l^p-  Gr.<^ Liquid,  r6^;  Roiling  Pt.JoS°  ;  QVohler  , 
lituiti.  lie  Chimit,  III.  lii.  369), — This  compound  in  ^H 
liiffbly    mobile    li<(md,    which    fumes    powerfully    on^^ 

tbi-   air,   dcpo&itiug  a  white  film  upon  surrotmiling 

emitting  a  vapour  of  itufl'ovating  odotir.     It  is  highly 

aud  buruB  with  a  greenish,  feebly  luminous   flame, 

itig  wlica  aud  emitting  hydrochloric  acid.     If  its    vajwur 

cd  willi  oxygtn,  it  cxplotlcs  violently  on  the  Imnsmission  of 

ctric  Mpark,  silica  being  dcpuvited,  nhilut  hydrochloric  acid 

rido  of  silicon  are  fonncd.     If  passed  through  a  tube 

Ineaa,   it  is  dccorojKwcd  into  a  mixture  of  chloride  of 

I  lijdrocbloric  acid,  whilst  half  its  silicon  is  deposited  io 

brown  aiUDrjihoiu  crust  exhibiting  a  metallic  lustre. 

atnpoecs  it  immediately  with  great  elevation  of  tcmpc- 

t.tr!r-itDd   protoxide  of  silicon  and  hydrochloric  acid  bcing^j 

i<:i,3StCl)  +  5  HO  yielding  (1  110,3  SiO)+5  HCI.B 

of  preparing   ihis  compound   by   trnnsmittiug   dry     ' 

jctd  over  erystallixod  silicon  heated  to  dull  r^dncM, 

been  described  when  s^icakiug  of  the  prei)arutiou  of  the 

atoaide  of  ailicoii  (586  a). 

«i1y  »f  lbt»  *ab«taacv,iappoiiDg  it  to  fiivc  6  Tdumei  of  vapour,! 
tr  of  sulphidi^or  sihcao,  aad  4  ot  eUoride  of  vUcona'l 
i-n.  1*50181  for 

Bjr  toloiu.  Bp,4T. 

atS.  =       a    or    oAj        =       3S59 
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A  mmitar    liquid  compcMind  (iHBr,  3SiBr;  Sp.  Gn 

mny  be  vbtniuc<l  iu  IxWe  muincr  with  liftlrubrocnic  acid. 

|Oorr«pondii>g  oompouad  of  iodine  (3  HI,  3  Sil}  (brms  ft  fl 

'erystallioe  Kolid.  i 

(389)  Fi-coftinc  or  Silicon  (SiF,=52) :  Sp.  Gr.  $-6oA 

Vat.  2. — ^Tke  ftuoride  ia  one  of  tlic  mint  rvm&rkiihle  compM 

eilieon :  so  jwwerful   iH  Uie    iLlVinitjr  Wtwnfii  fltioniic  and  i 

that  hvdro6uonc  acid  separates  silicon  from  its  moat  iiitiniitd 

l>inatioi»,  such  m  silicic  acid  and  ghn*.     In  onler  u>  pr^ 

lliioride  of  Bihoon,  equal  part^  of  finely  powdered  fluor-M 

ftiUcix>uH  Mind,  or  powdered  gln.-Hi,  arc  mixed  in  a  caparioiufl 

retort,  with  twelve  times  their  weight  of  oil  of  vitnoi.     0 

application  of  heat,  a  coIonrlcM  ga»,  with  n  peculiar,  ))iingcn 

odour,  t!t  given  off;  hydroHuoric  acid  is  liberated,  anil  llua J 

diatdy  attacks  the  silica,  as  is  sltown  in  the  following  i^H 

tioD  of  the  reaction : —  ^ 

3  C«F  +  3  {HO,SO»}  =  a  HK  +  2{CaO,SOJ;      1 

I  and  a  HF  +  SiO,=i2  HO  +  SiF,. 

I        The  conipotution  of  the  ga«  may  1>c  thus  rcprcscnie^H 

r  hj  wv^hL  By  tnlufbt,  I^^H 

Silicon         ...        Si      s=  14   or   16*9        1    or    1    »  ^H 
Fluorina     ...       P,     1^  38         73*1        4  7    =  ^H 

Flnoriileof  (iliMaSiP.  =3  51        1000       a  1    ^  ^H 

Fluoride  of  silicon  fnmcs  strongly  in  air ;  it  is  not  infl^B 
but  estingnishcs  a  lighted  taper;  under  strong  prcssnfl 
)i<lticficd  by  Faraday  ;  and  according  to  Nutterer  it  beo^| 
at — iio"*.  The  gas  is  dissolved  and  partially  dccompti*«^^| 
it  must  therefore  he  collected  over  mercury,  and  in  ^H 
hate  been  pcrfL-ctly  dried  at  a  high  tempcmturc ;  tb^^| 
trace  of  moisture  on  the  auriaoe  of  the  jar  cariwa  a  ''(l^l 
silica,  which  adheres  very  firmly  to  the  glass  and  ^H 
opalescent.  Fluoride  of  silicon  combines  with  twice  its  Vdlj 
atuiuoniacal  gas,  and  forms  with  it  a  crj-stallinc  Tulstite  ood 
(390)  SiLtcitri.i;nHic  Acin :  Hydrufluoinlicic  Acid  {III 
=71), — When  a  stream  of  gaseous  Huorido  of  silicon  i«  tmu 
through  water,  it  ia  partially  dcoom]We>«d  and  partially  lUfl 
Two  atomH  of  water  react  on  3  atoms  of  tli!  I'  '  t4fl 
the  silioofluoric  acid,  which    ■»  di)«Dlvc<l,    <  4| 

•ilicoo  ia  deposited  aa  silicic  aeid : —  1 

I  3SiF,  +  aHO=SiO,  +  3  (HF.SiF^.  J 

F       In  tliR  preparation  of  ttiia  r>     '  'nbefruat     ''   titfl 

ia  eaHi{iiug  mu»t  uut  plunyc  l>  .uto  watt:  -t^I 
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inc  ol»truct«:(l  hy  the  liepositcit  ailici. 
m»y   be    prcTentcd 
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Tliis  incoo- 
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maig  ft  litUv  meroury 
10  boUom  uf  tbe  roMel, 
■der  ttmt  the  tiibo 
■ip  bcnrati)  the  mcr- 
Bm  alutwn  iu  fig. 
HBndi  bubble  «a  it 
bccomea  fturroiiti(Ioil 
!»  uliocooa  Dnvelofie, 
Bally  tbff  Itijuid  wto 
'  A  gelatinous  mass : 
■eid  UtiuitI  ia  iCiarnU'd 
lure  in  linen  from 
it,  wltich  whcu 
am  wUtering  add, 
I    pure    hydrate 


i  Mtaratwl  •olntion  of  aJUcofluoric  Kcid   forms  &  very  sour, 

»f  tupiid.      In  snlutioa  it  does  not  attack  glaaa;  but  it  do«ii 

id  to  craporate  tipoti  it  (  tlic  lliioridc  of  silicon  bccomea 

>u^u.  k.*«viu)c  Crcc  liydrolluoric  acid,  vbicli,  reacting  oti  the 

^producCE  water  and  fluoride  of  kilicon,  as  in  the  onliuary 

ifbr  nmktiig  thut  ge»;   i  UV  +  SiO^=i  HO  +  SiF^.     Silico- 

oombiues  iritJi  bucs  to  form  salu,  if  the  base  tie  not 

toew ;  if  an  ateem  of  bn«e  be  cmph>yed,  silica  i»  prcci< 

[and  the  wholr  of  the  Huorinc  is  separated   as  a  metallic 

In   tbo  tint  cue  the  action  may  l>e  thus  rcprcMnted : 

^O+tUF^iFjIssUO  +  iKF.SiFj.     In  the  Hooad  cue: 

JO)  +  (HF,Sit',J=i4liO+3  KK  +  SiOj.     niluti,- *thition of 

:  acid  pruducea  traii4|)arciit  jclly-llko  prccipitatca  in  the 

t  «ltB  I  it  ti  fnH)ueiitly  employed  as  a  {urecipitant  of  potaab. 

ilta  of  hari'ta  the  acid  girea  a  white  crystalline  precipitate. 


{  IL  BoBON  (6sia'9). 

CtJed.  Sp.  Or.  ^  Vapovr  {Comb.  Vol=2),  0753. 

ft)  Boiuio  in  Uie  combiiitihle  nuliclc  of  the  acid  contained 
t,  wbcncc  it  derirea  it»  name.  In  nature  it  ia  always  met 
I  cumtiiuaiion  with  oxygen.  It  is  a  liody  which  occurs  in 
ri|>  (|iiautitics,  and  only  in  a  few  localities,  to 
. .  rnodc  uf  combiu.iti(ju^  H  presents  consideim^iW 


t 
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ftDalo^  vith  silioon,  aaA,  like  it,  rosy  be  obtaini^d  in  tiimm 

modiricatioDS,  the  crj-stuUiiic  [Ht),  tliu  (;ra|>liiioi(l   (B^gl^ 

BtDorpboitfl  form  (By).  1 

Amorp/ioia  Boron,  By.— Benclius  obtwoed  bomn  bv  a  j 

analogous  to  tliat  employed  in  t)ic  ca.w  of  fiUicon.    Tlic  bona 

of  potiuniutD,  a  sparingly  toluble  salt,  is  niidc  liy  Mituniting 

fluoric  with  horacic  octd,  neutraliEiiig  the  liquid  with  carbd 

potasb,  and  iraahing  the  cotupound  with  cold  witter ;  ic  is  tbl 

at  fl  heat  a  Utile  below  rediictts.    When  cold  it  is  mixed  vithi 

weight  of  potassium,  and  hi-ated  in  a  covered  iron  crucible.  T 

rideof)>ota*siumi»  ivmoved  by  hot  water.  KF,HFj  +  3K=4l 

Boroo  as  thus  obtained    is   an   amorphous  dull    olil 

pon-der,  which,  ht-fore  it  has  hwn  strongly  ignited,  »oiI«  ihcj 

and    is  dissoWcd   \>y  pure   water   in   small   quantity,  foii 

grcGuiith  yellow  solution;  from  which,  however,  it  ia  pnd 

unchanged  on  adding  a  little  solution  of  sal  ammoniac.     1 

not  oxidized  by  CiijiOHurc  to  air,  to  water,  or  to  Aolntion 

alkalies,  whether  cold  or  boiling.     It  is,  bowcrcf,  euily^J 

when  treated  with  nitric  ncid  or  with  aqua  rcgia.     After  I 

to  intense  heat  in  veasclB  from  which  air  is  exciudcd,  it  I 

den«cr,  and  darker  in  colour.     It  may  l>c  fuKcd  by  the  m 

of  a  heat  etill  more  iotCBse  than  that  miuircd  to  mdi 

A*  fijvt  obtained,  lioron  exhibit*  a  strong  affinity  for  oxygcfl 

heated  in  air  or  in  oxygen,  takes  fire  below  nrdncM,  bnnil 

a  red  light  and  emitting  vivid  scuitillalions ;   it  is  thus  a 

superficially  into  boracic  acid,  which  melts  ani)  protect*  ■ 

of  the  boron.     If  mixed  witli  nitre  and  heated  to  rcdueaiJ 

grates  powerfully.     It  is  also  oxidized  when  ignited  wiihj 

of  pota»li ;  and  when  heated  witli  carbonate  of  potaUi  in  j 

decomposes  the  carlionic  acid,  aettiug  cluuvoal  free,  and! 

borate  of  potash.     Pulverulent  buroDj  like   silii-on,  in  ■  | 

ductor  of  electricity.  I 

Boron  may   be  obLiincd    in    the    antorpbous   fonii  j 

quantity  by  the  following  method  (Wublcr  and  Dovilte  J 

Aanat.  cv.  6;) :— 1500  gmns  of  fused  anhydmu*  boracJ 

coamly  powdered  and  mixed  rapidly  with  900  graim  of  kJ 

into  small  pieces.     The  mtxturo  is  then  iutrwiuccd  intq 

iron  crucible  provion»ly  hcAted  to  bright  redDcaa:  Tod 

grains  of^ilid  but  prcriously  fused  chloridr  of  •o-''  i 

Uj>on  the  top  of  the  mixture,  and  the  crucible  t*  c*  < 

a*  lh«  reaction  is  over,  the  still  liquid  mam  ia  lborou^i| 

with  an  iron  ro<l,  and  [xitin-d,  "1   '  '  '        '«  aWj^l 

into  a  large  aud  dceji  ve«scl  •.■  aeial^ 
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The  pqlvenilent  boron  is  tlit^i  collected  on  a 
witli  aci^ulatcil  wbUt  till  the  boradc  acid  iit  got 
'-»\iicli  the  witabiiig  iiinyUr  continued  with  pure  vater, 
orou  iM^ias  to  run  tliroii^h  tlic  5lter.  It  muj^l  flnoUy 
^on  a  {Kiroiia  itlab  nitJiout  t)i«  ttpi>lio»tioQ  of  beat. 
Uizett  ttoron,  B,. — In  order  to  oooTert  tbc  amorplious 
-jkloUizcd  funii,  Uic  folloving  method  may  be  adopted : — 
Heuun  crucible  is  lined  vith  the  pulTerulciit  Iwron 
3  a  pA«tc  with  wRtcr,  and  tlic  boron  is  pressed  in 
«•  i»  tbe  ordinary  mode  of  lining  a  crueiblc  witli 
In  t)io  ecntrnl  mvity  a  piMe  of  tduminnm  weigh* 
£o  to  90  grains  is  placed ;  the  eorer  in  luted  on  and  tlie 
ndowd  in  a  Hoond,  tbc  iittervnl  between  the  two  being 
1  recently  i|cuitod  powdered  charcoal.  Tbe  outer  eru- 
rxt  rUvA^l  with  a  lutol  cover,  and  tbc  whole  exposed  for 
af  hours  to  a  heat  tiuSicient  to  fuse  nickel.  The  tempcra- 
bcn  allowed  to  fait ;  and  when  oold  the  content*  of  the 
|o  are  di^r>»tetl  in  diluted  Uydroclilnrie  acid,  which 
the  aluiuiuum;  bcautilul  erj'*tals  of  boron  are  left, 
iffparentr  but  of  a  dark  brown  colour.  A  quantity  of 
le4  of  l»ron  (B^)  are  formed  at  the  same  time,  in 
coloured,  upa<iue  nix-wdt'd  plates. 
llixed  boron  has  a  sp.  gr.  of  2'68 ;  H  assutnes  the  form 
nt  oeioIii:dm  belonging  to  tht-  [ivntinidul  nvKtcm. 
when  pure  are  nearly  colouilc*s,  but  lUcy  usually 
of  foreign  matter*  which  give  tl>eiu  a  pale  yellow  or 
iiey  refract  light  powerfully,  and  arc  bard  enough  to 
jby,  nud  even  Miiaibly  to  wear  away  llii.'  diamond. 
Du  bania  imperfectly  in  osygen  wlicn  heated  to  full 
becouH.'*  coated  with  a  htyer  of  fused  liuracic  acid, 
euily  wheal  heated  to  redness  in  dnr  gaseous 
ling  converted  iuto  tbe  gaMOUS  terchloride  of  borao. 
tturc  of  acids  has  any  action  upon  either  ciystalline 
borun. 

tttAiiium,  enters    into   direct    combination   with 

hi|>li   temperature;    a  quantity  of  thi«   nitride  is 

cy  cohiTL-ut  niaiw  during  the  preparation  of  crystal- 

Pulvcrulcnt  boron,  when  heated  in  a  current  of  dry 

'' 'Comes   incaudotcent,   and   is  converted    into 

;:en  ia  liberated.     lioron  in  all  its  forms  bums 

;  wbou  ignited  in  coutuct  with  steam,  with  sul- 

and  with  hydrochloric   acid,  it  decomposes 

is  attacked  with  some  diOJcitJty;  boractc  acid, 
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.■dcUoride  of  boron  being  formed  n 

Stii  Smmuc  ActD  (BO,s35):  Cryslaifhfd  [HO^ 
»  coosidered  u  a  terosidc  of  boroD.  i 
of  o\jgen  uid  boron.     It  in  funnd 
•  »  bAonte  in  tlie  tincai  obtained  froni  Ttiili 
ef  lioic  Mid  mtguoia  froni  tho 
but  it  »  also  met  with   in    tiit  ui 
ic  diitrict«,  nhcrr,  accoin[uiiicd  ' 
it  iMneB  in  small  quantity  alon^  willi  { 
',  Buiintaiiiod  by  the  oction  of  aubtcrr 
Cerbi)ti  and  Mo»t«  Botoiido,  in  Tn 
hguous  or  urtificini  Uatioa,  swU  m  1 
Ike  •*tei»  of  which  on  crapontion  yield  a 

Fio.  »9j. 


^.ijLeJ 


^m 


a  i^Tfe  proportion  of  tlio  borax  of 


^gg    ^„.  AfT — '      According   to   the  itigcnioua 

I      tiiiMn  ^  ^*  inpplini  by  tlie  rumcrollo  tlitmurlj 


1^    ^«  ^  tliM  rraporation.     WbUt  rroiii  Uic  ailjoccut 
frj _  1 , 1  ntiA^  nppormoat  buin,  a  ;  here  it  *Uyk  fort 
^  ,t4  n  mw  "ll"  "ftp""  •iiccvasive  inltrvaU  of  t*  nttrJ 
...I.  of  tfcp  (i»ur  lower  baains,  A,  c,  d.  t.     FnxnJ 
rt  Aiwa  niW  •cttlinj!  »«t»,  /,  /,  where  in  the  ooui 
litMtn  r  '  "udnl  mailcra  siilmiilc.      The 

,1^1,  tn  i\    la  3  [irr  crnt.  of 

4nMkUtod  Mn  ahallow  l«aiU-n  c^npuruliiic  pau^j 

.-, ,f  --'    '■-  ■■     '!r».  *hi.'l 

.     ,    ..::..-,  .Ml.       Ill   ■ 
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mu>t 

^m  to  ftboat  half  its  btilk ;  it  is  then  tmn&ftired  to 
|Hi  Iriwer  level,  witore  it  i»  xllowod  to  evaporate 
^aura  longer :  it  is  a^in  tnuisrcrred  to  a  ainalter 

tht!  ta[)«c  of  tvrciity-four  tiount  more  it  lins  ncqiiirod 
D"  or  i-oH,  atid  is  Biilltcicntly  conceDtratnd  lo  cryu* 
Ig.  Suijiliato  of  Itroe  in  iitit)n<lim(H;  it  dcpasUcA  in 
g  iJioae  evaporations,  and  it  requires  removal  from 
Aboat  two  thoQsntKl  toiia  of  ttiv  crude  acid  arc  now 
f  thiia  (iroeured  iti  Tuscany.  Tbe  crude  acid,  Iiow- 
iiitnitis  more  than  three  quarters  of  its  weight  of  the 
id  iK'id,  the  rcioaimW  couaiating  principally  of  «ul- 
inia  with  small  qunutitica  of  sulphate  of  alumina, 
alkaline  and  earthy  stdphatejt,  a  peculiar  oi^anie 
imall  praportioD  of  silica. 

Brcial  aciit  i»  purifK-d  h,r  adding  to  it  cftrl)onnte  of 
ition,  and  thus   forming  borax,  which  is  ohtaiocd 

crystal  I  iiation  (4  94). 

•  procure  the  acid,  purified  borax  is  dissolved  in  4 
;  water,  and  to  the  hot  solution,  oil  of  vitriol  ci)ual 
)iMl  of  one  fonrth  of  the  Imrax  employed,  diluted 

K,  is  added.     In  this  process  sulphate  of  soda  is 
ictc  acid   in    liberated.     The    sparingly  soluble 
mtallinn  out  on  cooling,  in  pearly  looking  scales 

io  the  ttiiieli ;  they  contain  ^  atoms  of  water  to  i 
however  quite  pure,  as  it  nlwayti  retains  a  liltltf 
b  remove  this,  the  crystals  are  washed  with  icc- 
and  fiiMxl  in  a  platinum  crucible,  and  on  re- 
B  in  4  tiine!<  ittt  weight  of  boiling  water,  the  acid 
.  coolingi  in  a  state  of  purity. 

til  nf  llii«  acid  is  the  following : — 


I 


lo'i)  or 

no 


5113 


'ho       ~ 


=     1 0-9  or 
=     340 


iZO 


'i  =  34*9     "«o  00 


43<Sl 

KWOO 


HOf^UO  =    61-9 

WThe  cn-ftals  of  Iraracic  SMnd  efllorcsec  and  low 

^Br  water  at  a  gentle  heat,  and  at  a  slight  increase 

iKoomo  anhydrous ;  at  a  re<I  heat,  or  a  little  below, 

ftiaea  (n  a  transiurcot,  viscid,  ductile  glu^i,  which 

wit  cools.     It  gradually  nlx-torb:!  moisture  from  the 

blei  to  pieoea.     Boracic  add  commiinicatn  to  ita 

|r  •  if  reailr  fusibility  ;  iiidertl  it  is  chiefly  on 

1  lied.    Mau^  of  the  boralei  arc  tdmirably 
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adapted  for  flnscs,  nliicli  arc  applied  in  glsscs  far  por 
in  Uie  melting  of  gold  und  Mirer. 

Boradc  add  is  sparingly  soluble  in  coM  vatcr,  but  it ! 
•olved  by  5  times  itx  weight  nf  lioiiitig  wulcr ;  ttir  mlutinn  hu  I 
terish  and  scarcely  sour  taste ;  if  alloired  to  cvaimrate  apou  ti 
pApcr,  it  turiLf  the  pnpcr  1>ro<rD,  m  an  alkali  would  do  ;  it  ] 
litmus  a  purplish  rcd.tint,  instead  of  the  usual  bright 
Mrongcr  aeidn.    Itgmdually  dcconi]K»«x  colutiona  of  thpi 
e?cn  ia  the  cold  ;  but,  on  the  other  hand,  a  brisk  currtmt  nf^ 
ocidorof  xulphunrttc^t  hydrogonwillcauxcaM-imratiouori 
in  crystals  from  a  etrong  solution  of  boras.     Boncie  uaAi 
in  alcohol,  uid  the  «ottitian  burtw  with  a  i^harni-teriMic  j 
It  is  not  possible  to  evaporate  a  tolulioo  of  boraeic 
alcohol  or  in   water  without  losiug  a  portion  of  tlie 
vapour  always  earries  with  it  an  appreciable  amonnt 
if  steam  at  a  high  tcnipcrutiirc  be  traiistnitted  over  bor 
acid  is  volatilized  in  considerable  quantities. 

BoTaltt. — Boraciv  anhydride  is  hut  very  »lowly 
ignition,  and  henoe,  though  ita  affinities  are  exceedir 
at  high  teniiienitunss  cspclx  :ill  acids  more  rolatiti;  llisn  it 
fused  with  their  salts.    It  enters  into  combinatitm  (rith-l 
baH^  in  a  gmit  variety  of  proportion*,  re.(«niblii)];  sii 
this  respect,  as  iu  some  others.     Although  many  of  ll 
oonlain  more  than  1  atom  of  acid,  they  nil  restore  the 
reddened  litmus  paper.    A  i«cxboratc  of  )>otnsb  lK<J,  6  BC 
niuy  be  obtained  in  crystals,  und  n  tcrboratc  (KO,  3  B( 
also   been  erystalliied.     The   borates  of   (he  nlknlie*' 
(Soluble,  tbu«c  of  the  otlter  hnM»  are  only  inijierfi^itly  ooln 
of  the  borates,  however,  arc  so  insoluble  us  to  furuiah  uij 
mode  of  ancvrtaining  the  qti&utity  ofboractc  acid 
tion  by  the  fonnalion  of  a  precipitnle.     All  the 
borates  an;  diswlved  by  diluted  nitric  acid.     In  aualyiiug  1 
it  is  uHual  to  dcterroiue  the  amount  of  all  thcotlier  1 
and  other  couHtilueuts,  mid  to  cstimatv  the  dofidc 
acid.     It  is  not  unlikely  tlutt  boncio  add  may  have 
looked  in  several  mincraU^  aa  its  detection  iu  small 
hither  diHicult. 

^93)  A  gvlphide,  a  chloride,  and  a  bromide  of 
prepared  by  methods  similur  to  ihoK  employed 
corresponding   comiHtuniU   of  silicon.      The    ri 
(BC'l,=  ii7'4;  Sp.gr.  407 y ;  Comh.  vol.  4)  ia 
tetDpcnUurea ;  itfuiuo*  stnsngly  iu  air,  and  is  iustantljrj 


F 
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bydrochloric  and  Iwracta  nc)d».     It  lia*  tbc  fol- 
iiion : — 

B        =     io'9    OT    gsi>        3     or    o'g    ^    *'37^ 
Ct,      =  106-5        90-71        6  i-g    =    3-679 

IJCI,  «  117-4       loo-oo        4  I       =    4055 


pan  of  thia  chloride  unite  with  6  volunie^i  of  ammonia, 
tip  condeiiBcd  to  a  vulutilv  crystalline  saline  body, 
FLtoRiDE  OF  BiiKox  iBF5=67-9) ;  Sf>.  Gr.  2-313;  CemA. 
lama  form*  with  fluorine's  compound  amdoRous  to  the 
t  uUcon.  It  i»  beat  prepared  as  foUona:  3  |)Art»  of 
and  I  of  ritrifinl  bonK'ic  acid,  both  in  line  powder,  arc 
mixed,  and  intensely  ignited  in  a  irrouj^bt-tron  lube 
tut:  cud  :  docompo«itiou  oceurs  thus:  3  CaF+4  BOj  = 
0,)  +  Iii\.  Borate  of  liuie  rcmaitui  iu  tlie  tube,  and  the* 
{ bonm  |)asscB  over  na  a  ooluurlcsa  gas,  which  may  be  cnU 
r  mercury.     The  oompowliou  of  tlie  fluoride  of  boron 

\wmBi~- 

I                                 »f  iHifki.  iit  t->i.  sg.  tt- 

h»  B     =    lOy  or  ifio;  a  or  0-5  =  o*3;6 

MriM  y,    =  s7-«      8.VM  6       rfl  =  >yW) 

P^  "f  j  BF,  =  4j-9     10000       4        i-o      J345 

r  boroti  doe*  iH)t  nnpfiort  combustion;  it  has  an  irritating 
I  nimoi  densdy  in  the  atr.  It  is  instantly  absorbed  by 
|(^  dUaolreH  700  timc»  itA  roliime  of  tlie  gaa,  with  rapid 
tpemtnre,  whiht  it  inercascs  iu  density  to  1-77,  and  fornix 
uking,  fuming,  otul  corrosive  add  liquid,  which  eluirt , 
^tter  ■«  powerfully  u  oil  of  vitriol .  This  solution  has  beeui 
jf/tuoric  aciil.  The  reaction  which  occurs  wlien  the  goa 
y  eautoct  with  water  la  aufEcicully  simple,  BPj  +  3  110, 
Bo,,  3  HF).  ^Vhea  bested,  a  [»rt  of  the  gas  eiicapea, 
tMiBc  itravity  of  tbc  liquid  becomes  reduced  to  1*^84; 
HLdoiuity  it  diNtiU  unclisuged,  and  contains  two  cqui- 
^kcr,  the  formula  of  tbe  aqueous  colutioa  becon 
^7  -1  IK).  ItoroAuoric  acid  is  aim  easily  prepared  by 
hydrDfluoric  ikcid  with  boracic  acid,  keeping  the  mix- 
,ud  tltcui  oonceutrating  it  in  platinuin  vesaeb  tUl  dco#«| 

P- 

^Hrly  diluted  wiUt  water,  one  fourth  of  tbe  boron  iit  sepa- 
^Brm  of  boracic  acid,  and  another  compound  is  foond 
^Bmed  hjfdrofiwiboric  acid.    In  oomposi^ou  this  body 
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•otiKivItat  rcsomblc*  the  •ilico6aorie  kdd,  tbongli  It  Is  bnt 
uiaiu](uus  to  it.     Its  rorraattoa  is  reiulilv  expbiin^rl  b^ 
iug  ociuktion,  from  which  it  will  be  seen  that  hvdrofliinh 
ooutains  tlie  el«inent«  of  i  atom  of  by droHuone  ociil 
of  fluoride  of  boron  :— 

4BF,  +  3HO=BO,+3(HF,BFJ. 

So  strong  is  the  trtidoiicjr  to  tlte  foraatioo  of  this  oonf 
(lilntt;  soliiliouM,  thut  if  borneio  ncid   be  uddvd   to  » 
fluoride  of  potuainm  or  of  aiumoniuin,  for  each  cqutv 
Iwnicio  add  pment,  3  (.'qimalvnta  of  potash  or  of 
liberated ;  and   fliiolwridc  of   the    baae  ia  formed  .-  for 
4  KF  +  BO,.3HO«(KF,BP,)+3{KO,UO). 

(395)   Nitride  of  Boron   (BN). — As  alreadv  mvntiout 
eofnbiues  with  tiitrugco  at  &  red  heat  witb  ^mt  aviditjr. 
of  boron  may  also  bo  obtained  by  tmn»initttng  a  ctirtest| 
nitrogen  ^^aa  over  a  mixture  of  i    part  of  pare,  finclj-i 
cliarcool,  with  4  parts  of  ftued  boraejc  iicid,  expowd  to  a  I 
heat  in  a  poreclain  tube.     It  maj  likcwiec  be  procured 
mixing  I  part  of  anhydrous  borax  with  two  part*  of  m«I  i 
and  beating  it  to  »  full  rcducH  in  a  covered  iilatinum 
»  white,  infusible,  porous  maw  is  left,  which,  whcu 
diluted  hydrochloric  acid  ftD<i  well  washed,  Ticlds  ibe 
borOR  n»  a  white,  light,  anaorphoua,  inMjlubte  powder,  nl 
like  talc  wheu  rubbed  upon  the  tkin.    It  may  be  healed  I 
gcQ  or  in  cblonne  without   change;  it  i>  but  very 
upon  by  oouceutratcd  acid  or  alkaline  solutioDS ;  but ' 
with  hydrate  of  po[a»h  it  i»  resolved  into  ammonia 
acid,  which   latter  corabinea  with  the  potash.      lu  a 
Bicam  it  i«  completely  couverted  iuto  borate  of  nmmoniftj 
4  HO  yielding  H^NO,  BOg.     It  is  also  decomiiosed  wl 
with  cosily  reducible  metallic  oxides,  such  oa  those 
copper;  deutoxide  of  nitrogco  being  cvolicd. 


CHAPTER  IX. 

OTBBR  COUrOL'VD*   »r  TUB    MOK-M KTAI.LIC    RLKUW^ 

^  L  CourotfKos  or  Utoxoobk  amo  Oxrt 

(596)  BiKoxii»x  or  [>Kt'Toxti>t  or  Hym. 
W«/rrl  (H0,=  17):  5jp.Rro/ti>irf,:  "-  "' 
com])Ouiid  of  oxyijeu  with  Lydrogtn. 
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■miiiiiniil  a  remarkable  Bubetaace,which,aa  it  contains  i  cqutralmts 
■  nygcn  in  nnratiiuiition  with  I  cquivnlcnt  of  kTElrogen,  ia  termed 
tmtxide  qf  hydrogen.  It  ia  a  colourlesa  liquid,  of  sj-rupy  cousis' 
moe,  with  an  odour  somffwliat  rcscmbliDg  that  of  clilorine  very 
Boch  diluted ;  it  remains  liquid  at  a  tem^rature  of  —  33^.  This 
idc  is  a  TCry  ai»tiible  compound  ;  a  temperature  of  alwut  70* 
Httflicucnt  to  cause  the  osygen  to  Iicgin  to  escape  in  small 
and  vhcu  heated  to  the  boilini^-point  of  water,  the  ga«  is 
witli  a  rapidity  almoHt  amounting  to  an  explosion.  The 
is  soloblc  in  water  in  all  proportions ;  when  diluted  it  is  less 
deatroyed  by  deration  of  temperature,  though  ebullition  for 
few  miuntes  is  sufficient  to  expel  the  whole  of  the  additional  equi- 
,t  of  oxygen,  water  alone  remaining.  This  circumstance  fur- 
sn  eaay  method  of  analysing  the  biuoxide  of  hydrogen.  A 
weight  of  the  lirpiid  i-t  pliu^-d  ia  a  small  retort,  and  dilated 
to  or  1 3  times  its  balk  of  water;  the  teRi[>eraturc  is  raised  to 
UtioD,  oxygen  \»  given  off  freely,  and  the  gas  is  collected  over 
nnd  measured  when  cool:  the  weight  of  the  oxygen  can 
ated  from  it«  bulk,  and  deducting  the  weight  thus  obtained 
that  of  binoxide  operated  upon,  it  will  be  fouud  that  for  each 
n*  of  oxygen  expelled,  9  of  water  remain;  consequently,  as 
contaiDs  I  grain  of  hydrogen  combined  with  8  graina  of 
n,  the  binoxide  of  hydrogen  will  contain  i  grain  of  hydrogen 
volcd  with  16  gruiuH  of  oxygen. 

Binoxide  of  hydrogen  bkachcs  a  solution  of  litmus,  and  many 
vegcuible  colount;  a  drop  of  it,  if  placed  upon  the  tongue,  blanches 
and  destroys  sensation  for  a  time;  the  taste  of  the  liqnid  is 
igcnt  a&d  somewhat  metallic.     By  means  of  binoxide  of  )iy- 
4rognt  the  black  sulphide  of  lead  (PhS)  i»  converted  into  sulphate 
•T  the  metallic  oxide   (PbO.SOj),  and  many  metallic  protoxides 
It  oxidized  to  the  maximum. 
The  binoxide  of  hydrogen,  howcrcr,  is  not  only  decomposed 
sahstoDCGs  which  poswsis  an  affinity  for  oxygen,  hut  the  mere 
X  of  many  finely  divided  metals  and  metallic  oxides  which 
Qudergo  any  jwrinaiieiit  change,  occasions  its  dccampo»itioD ; 
I,  nilTcr,  unil   platinum   produce  an  instantaneous  evolution  of 
[jgett  gas,  which  is  the  mure  rapid  the  finer  the  subdinsion  of 
e  body  by  which  the  decomposition  is  occasioned.     A  similar 
kel  i>  pfodoeed  by  contact  with  the  oxides  of  these  metals,  or 
tk  the  peroxide  of  manganese  or  of  lead.     It  is  especially  to  be 
urked  that  tbo  oxides  of  silver,  of  gold,  and  of  platinum,  not 
f  dfcomposc  the  binoxide,  but  they  are  themselves  mlueed  to 
metallJC   state.     These  decompositions  are  all  rendered  less 
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rapid  \iy  the  adilitiDD  of  a  few  drops  of  lulpharie  or  byV-^'-l'i' 
acid,  but  are  hastened  hj  tbo  addiHoQ  of  a  little  free 
the  tiiuoxidc  of  bydrogcii  in  itit  coiiccutrotcd   form  be 
fall  drop  by  drop  uyaa  oxide  of  silver,  pcroiide  of  moiigai 
npoo  metallic  »i1vtT,  platinum,  or  orniium  in  a  lluvljr  ditidc 
it  is  deconpOMd  vitli  explosion  aud  great  elevation  of 
rature. 

(j97)  Preparation. — Owing  to  the  unstable  cbaraRter  off 
oxide  of  hydrogen,  its  piepaiation  is  sttcodcd  with  great 
■Itbongh  in  principle  the  process  is  simple.     Au  iitdircetl 
b  nsortcd  to  fur  procuring  it :  caustic  baryu  (BaO),  wl 
to  dull  riilncm  in  a  current  of  oxygen  ga»,  combine*  with  : 
tioniJ  etjuinlent  of  oxygen,  aud   becomes  pcro&ido  of 
(BsO,) :  when  thi*  aulistance  ia  moistened  vritb   water 
a  Iijdmte  (BaO^,  6  HO).     Tlit-  binoxidc  of  bj-drogcii  is 
ftom  tlii«   bydratcd  compound   hy  deconijHi^ing  it  by 
hydrocUloric  add.     The  h;dratvd  peroxide  of  barium  is  I 
to  a  pAstc  hj  grinding  it  in  a  mortar  vitb  wali-r,  uml  ia 
uiudl  i|uiuitities  at  a  time  to  liydrochloric  acid  diluted  wit 
and  kcfit  cool  by  imnieniiig  tbe  * ctw.l  iu  ic«  and  w:itiT ; 
oxide   in   gradually  dissolved   without  cffervescenr 
barium  and  liinoxide  of  hydrogen  being  formed  ;  1> 
yieUliiig  110,+  nO-i-Bna.    When  the  bydrocbloric  acid  i^ 
Mtumtttl  with  tUo  peroxide,  tbe  ddoride  of  barium  is  At 
bjr  iW  k-aiiti4>us  addition  of  diluted  sulphuric  acid;  an 
•ulpttnlr  iifturyU  ia  precipitated,  wLilxt  hydrorlilorio  : 
ttw,  aud   in  ul>l«   to  decomitosc  a  fnsh  quautity  of 
tw^iiiH.  which  niuHi  bo  added  with  the  )«mc  prccuntio 
IV  Mhtilion  of»u1phuric  acid  produces  no  change  on  tlwl 
^  '  .  V     ,11  wliii'h   is   piv«enl  in   tbe  aolulion :  it  is. 
o\y  <ir  gi:ttiiig  rid  of  the  baryta  and   Uboriitin^' 

v>ttktf(c  MCid.* 

Ttto  *ul)dintr  of  baryta  is  next  rcmoTcd  by  filtrat 
lii^uid  ihii»  loft  in  Dimply  a  very  dilutemjlutiouof  hiudxi^ 
g»u  *ilh  uu  cxit-M  of  hydrochloric  acid.     This  acid  U  iS 
y,,    '  line   u  fix'ob  jiortion  tjf  the  jKToiidc  of 

^..  .  Mf  oiH! rations  is  repeated  u{>oti  the  liiiuid  tl 

IH  •uiVT'uion,  altenuitrly  adding   i)erostdr  of 
■  ■'■  ■  ''irium  in   tlic  form  of  suliilr*  ■ 
i.il  urhirli  rni"»»t«  of  dilui 
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40  timvttiu  bulk  of  oxygen,  and  a  large  qunntitjr 
Bcul.  II10  hydrochloric  acid  haa  now  to  be  re- 
is  cffcrUril  liy  luliliiig  Ktilpbatc  of  uItct,  until  a 
yilrocliloric  acid  ia  left  io  tlic  liquid.  Sulphuric 
ntitutitl  for  the  hydrochloric  acid,  which  is  prod- 
)rm  of  the  iusoluhle  chloride  of  siKrr,  while  the 
rogCQ  fvmuia  uuchaugrd  ia  the  liquid. 
c  ttdi!  L*  HOW  got  rid  of  by  the  cnreful  additioa  of 
lich  ie  at  la^t  luldcd  drop  by  drop,  so  as  to  rcmont 
sulphuric  aoi<!  without  introducing  »uy  cxccbs  of 
uid  16  once  more  filtered,  and  Is  now  a  pure  sola- 
idc  of  hydrogen  iu  water ;  finally,  it  mjiy  be  traiis- 
n  and  placed  over  sulphuric  acid  in  the  exhausted 
ir-pump.  The  water  CTaporatcif  much  more  rapidly 
!e  of  hydrogen,  which  is  thus  at  length  obtaiocd  in 
fonn. 

!<howu  [Anh.  de  Ciamie,  III.  Inii,  479)  t]iat  in 
wlierc  oioue  i"  formed,  amall  quantities  ofbinoxidc 
e  alMj  produeed;  and  in  the  electrolysis  of  oeidu. 
solutions  when  oione  in  formed,  traces  of  binoxidc 
•t  likewise  produced  if  the  operation  is  coaductcd 
tare,  the  proportion  of  gaseous  oxygen  coUectcd 
er  beiug  tbeu  always  a  little  below  the  theoretical 
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cmupoumls  ofcnrlmn  with  hydrogen  are  noniennLS. 
etived  from  the  d<!cuoip06ition  of  bodies  of  organic 
of  tbeM  bodies  exhibit  alaolute  identity  in  the 
the  two  elements  which  compose  them,  slthougb 
rd  with  properties  perfectly  di»tiiict ;  aud,  from  the 
of  these  bodice  in  the  gaseous  or  vaporous  con- 
p  Hint  the  (utidiiiK.ition    of  their  |Ktrtic)es  u 

•  ,  ii-,  the  fulkiuing  arc  a  few  of  the  many  ooni- 

loUiu  iu  too  ^ni\»  85*71  of  carbon  and  14*29  of 

(pi»  .  C,H,     .  spcdlic  gravity,  0*978 

.  .  C.H,     .  „           „  "    I-85J 

■ur.  .  C„H„  .  „          „      3-900 

>     .  •  C„H,,  .  „           „      8007 

null  to  Xxpotymeric.     At  pKsent  tt  will  not  bo 
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tktn  tfiroe  compouuils 
,  nftnh  gaa,  iui<l  oil  gu. 
aaun  Gm~;  hagl,  or  Elk^lau  (C,II«=38)| 


b — I . — If  1  mcunrcs  of  cODCcntratcd  bu][ 
I  of  alcokol,  ill  a  retort  capublc 
I  the  balk  of  tbc  liquid  iotrwlucvtl,  i 
'.  eoloorlett  gas  is  obtained,  cousieting  1 
It  is  nccomjwiiicd    by  the  vkjiour  of 
I  of  tbe  procoM  by  sulplmrous  acid  iu  Ii 
iMfk     tW  ofaliMt  gu,  u  tliia  compouud  of  carbun  nnd 
.  ruMiMJ,  aft  tm  eopwa  off  (recly,  bat  by  degrees  tbs 
Wcuwes  thick,  uud  frotbs  up  coimdurablyj 
tiyunH  careful  watctiiog  in  iu  latter 
F  to  hNhingnuy  1*0  much  diminiidicd  by  addiug  to] 
afftying  heat,  a  quantity  of  »aiid  cqiial  tu 
^  at  ^  Miid  employed.     The  gaa  niay   be 
li  tine  W  fUB  tlirough  au  empty  bottk',  kept 
,  tk  wMer,  in  onl«r  to  ooikdeDsc  tho  vapoun  of : 
tkaK  vwkiag  it  in  a  eolutioa  of  pota»h,  to  absorb 
MiM^  the  bat  traces  of  etbcr  by  allow  itig  it  to 
I  goaantntcd  solphtiric  add,  aitd  rinally  drying 
f^  hf  oHBUg  it  to  travcnu:  a  tube  lillud  iriLb 

.•MMM  BMMtaicd  with  Oil  of  Tltriol. 

r»  ck^it  meibo<t  of  obtaiuiug  tbo  gas  waa  1 

tl  ts  sliown  at  fig.  294,  in  wliicb  a  rq)rc9ca( 

totltrfvithol, diluted  with  ouc-tfairdofita  Krigbti 

-I  dwL,  cwnUuiiing  aloobol;  c  an  empty  buttle  j 

.11^  and  water  vrhicb  uay  dt&til  ortr ;  o  il 

J  4  Kilution  of  potash.     The  acid  in  a  b 

I  of  515*.  a,t  which  point  it  ia  maintsinid,  1 

r  /,  aud  raisuig  or  lowering  the  Aanie  1 

■  •  i»  then  slowly  converted  lulo  rB|iour, 

id*  ibe  Itulc.  A,  tu  Bucb  ijiuuility  as  juat  lo 

•.I  of  tbo  avid  at  from  315**  to  330"  j  at  [ 

i|Mtwi'iW>  tfaa  alcohol,  by  coLliivt  witli  auljdiuriej 

iViviKMMil  iutu  ulirfinnt  ga»  aiul  water.     Si 

.  markablu  property  of  (iroducitig  tbu 

.»cil  a)>iuu^nt]y  IN.'  I      '  <;:  any  cliaoi 

i».in(  ^igUtly  bi'  -  bulk  of 

iluriujf  llic  opQTutiofi,  and  tbo 

:,>.iu  uid   niay  bo  employed  to 
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'ftlmtttt  uotimitvi)  amount  of  alcobot  into  olcSaut  gat, 

Fio.  794. 


I  RtDMrkal>lc  ilecompositioD  may  be  Uitu  explained  :  aloobol 
jp  tato  combination  with  sulpburic  acid,  and  forms  a  peculiar 
pponil    acid,   tiic  iiul|)linvtiiic   ur  Hulpfactbyltc  acid,  wbicb   is 
bj*  a  bigh  temperature;  tlic  Hulpburic  add  is  liberated 
coitdition,  wbiUt  tl>e  aloobul  brcakit  up  into  water 
gaa,  at  tbi;  iinmc  time  a  portiou  of  the  water  with 
:  add  wiu  at  lir^t  diluted  di»tili  off,  and  iu;ci>upanie8  the 


■*•: 


HkifA.  vuL 


Hu)|>1,rthyUr  will. 


Wtiir. 


+    a  (UO.SO,)  booomes   110,0^11^0,8,0,  +  2  110; 
and  bj-  beat 

0,C,ajW,.^^0,^  becomes  oTiFo.SO,)  +'cfHr" 
>h)llant   gaa  i»  alv  obtained,  mixed  with  various  oth&r 
oompouDda,  during  the  dcntructive  di*liU»tioii  of  a  large 
of  bodiM  of  organic  origin, — particularly  the  resins,  the 

'  'lie  dilTerent  varieties  of  pit-coal.     It  forms  an 

lit  of  coal  gas. 
(irj>. — Oleliaol  gus  is  tnutsporcut  and  colourless;  it  has 
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n  fnint,  tvrcetisl),  alliaceous  odoar,  &nd  u  wlabtc  in  «boat ' 
its  bulk  of  cold  water.     It  wos  liijuiyficd  liy  FunulBy  uaili 
pmsurr,l)ut  rcmaiticcl  urifroren  it  —  i66°.     Olcriant  gu  i 
support  life  or  combustiou,  but  is  itself  TC17  iuHamt 
bunts  with  ft  irhite  luminous  flame,  ilepotiting  csrboo 
npon  (<old  bodies   irhiob  ore  introdnccd  into  its  fluno. 
ceuion  of  electric  sparks  bo  p*B»cd  tliroii^b  the  gu,  < 
transmitted  tlirough  porcclaiu  tubes  heated  to  bright 
di'«)iii|iosc<l :  liidf  its  carbon  is  dcpo«ito<l,  and  siiotber 
of  cnrlion    witli   livdrogea  (1>S^t  carburcttcd  hjdrogeu)  ii 
which   ooctipics   the  sitmc  volume  «s  that  of  tho 
from  which  it  was   produced.     If  the   heat    to    which 
is  suhjectal  ho  extrcmirly   intenoc,  all   Ihu  caiboii 
anil  fur  rach  voluDioofgas  decomposed  2  volunies  of  byd 
liberated. 

The  composition  of  olcilaut  gas  may  be  ascertained 
tio»  witli  oxygen ;  the  exp1o«on,  however,  is  very  poi 
r<s)uire»  care,  otherwise  Uie  eudiometer  will  W  broken.    Oo 
of  the  ga»  atiuires  for  its  complete  eombuittiou  3  volut 
gen  i  3  volumes  of  owrbouic  acid  remain  aud  represent  3 
3  volunns  of  oxygen,  wlitlat  the  other  volume  of  oxygen ' 
condensed  as  steam,  and  coutmiucutly  combines  with  i  ve 
hydrogen ;  i  volumes  of  hydrogen  and  2  of  carbon 
Ihoreroro   condniMitl   in  oleflant  gas  into  the  apace  of 
From  ihcsc  data  the  compoaitioQ  of  the  g»a  may  be  i-qir 
the  following  mauuer: — 


Carbon 

OMUiit    } 
gss         i 


Itfni,  Sp.) 

8  =  J-O  =  06 
S^a'o  1=  0*11 


C,H,  =    18      iDveo       4  =  I'o  = 


OleSant  gns  is  slightly  soluble  iu  alaihot,  tn  nil  of  t« 
and  in  Uio   Sxod  oils.     It  combines  with  sulphuric 
forming  with  it  a  peculiar  compouDd ;  hence  it  ie 
HiirU^il  by  fuming  sulphuric  a<-id,  awl  it  is  sumcwiiat 
oritiiuiry  oil  of  vitriol ;  tht-  latter  by  brt&k  agtlAtiun 
rosy  lie  made  to  take  tip  30  or  40  timca  its  volume, 
nlliylic  acid  (9^1).     It   also  oonibiues  with,  and  is 
the  prrchloridc  of  antimony.     Olcfiaut  gax,  «hcn  mil 
with  ati  iKjiial  volume  of  chlorine,  uui(j»  with  it  and  '. 
ilriii>ed  to  a  heavy,  sweetish,  aromatic  li[]uid  ;  it  coU 
l(M)kinK  dro|m,  which  »iiik  in  water  :  it  was  owing  to 
that  llic  name  of  olullant   (or  oil-pf oduciug)  gas  was  j 
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!y  itscir  w  i-oinmonly  knoirn  lu  Dutch  H^uirl,  from 

ICO  of  ite  diaooverj-  in   Holland.     If  i  measure  of 

p>  bo  mixed  vrttli  i  mi-iisum  of  cidorinc,  the  mixture 

"I   by  n  lifjhted  tap^r,  and  will  burn  t|uictly,  depo> 

lie  of  tiie  nirboii  uf  the  git>  in  the  form  of  a  dcate 

ibilat  ttio  hydrogen  unites  with  the  chlorine  to  form  hydro- 

Mdd. 

rcB   LiQDiD,  or  nicMoridr  oi  Ethylene  (C,n,Cl,HCl) 
=  yy;  ^p.  Gr.  of  Lii/aid,    1-38    ut  31°;   <ff  I'apour, 
Botttng  ft.  184";  Comb,  Vol.  4.— -Tliis  ia  a  compound  of 
hie  intcreat,  lu  it  is  the  Kubittance  &om  which  the  clilo- 
irf  cnrlmn    were  onjjitiall}-  obtiiiiied   hy  F«i«day;  and  the 
ktudy  (*iuce  made  by  R^;tukult}  of  the  atagc«  of  the  pro- 
lli)r  which  these  substances  nre  formed,  illiistnttcft  in  a  »trikiug 
thr  miHlv  in  wliich  compounds  may  be  procured  by  a,  pro- 
luhaiJtiitioa  iu  which  the  hydrogen  of  tlte  original  body  is 
by  chlorine 

■ation. —  I. — Hutch   liquid  i*    rcquire<l   in   coimiderable 

for  these  experiments ;   it  may  be  obtained  hy  means  of 

similmr  to  that  rq)rcsentcd  iu  hg.  21^5 :  a  is  a  retort 

Fio,  353. 


fitr  mixture  of  aulphuric  acid  and  alcohol,  which  is  to 
oUtfiaiit  |aft ;  b  a  an  ctaptj  bottle  to  ooodenso  the 
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Tapours  of  alcohol  and  etiter ;  e  a  vessel  ooDtaioing  mliilAn 
for  alnorbing  nuy  uucoiuloiwod  vajKiur  of  ether ;  </  U  ■  lain 
receiver,  in  wliicli  the  current  of  olefiant  gas  la  ninglol  f 
atrcam  of  cblorinc  diMngagcd  from  the  fluk,  r,  mhI  «U 
waslu'd  by  {Missiug  UirotLj;ti  llio  water  ooutaiued  in  tbo  bcl 
The  olcfinnt  gas  ia  impplicil  so  that  it  sliall  alway*  be  in  iGa 
ceaa  over  the  chlorine  ;  auil  both  gaaos  uuat  be  moist,  la  M 
faroup  the  reaction  ;  the  operation  ia  best  coiidiictwl  in  full  ifl 
daj'li);Ut.  Tlie  two  gases  combine  rapidly,  ami  conilcntc  ■ 
drop,  nhieh  run  dovm  the  sides  of  the  rocoivcr,  d,  anil  ■ 
lected  iu  the  boUle,  ff.  j 

Limpricht  has  simplifif^  this  apparatus  by  tjaiiwniHl 
oteHant  giu  through  the  mixture  of  oxide  of  mangaueM  nfl 
chloric  acid,  firom  vhicH  the  chlorine  ia  generated.  "S^M 
pa  is  conveyed  into  ihiH  mixture  by  inrani  of  a  bent  tuGn 
panes  through  the  tubuluro  of  the  retort,  and  the  Ouldij 
as  it  is  formed,  diHtUs  over  into  a  receirer  coaoected  vfl 
retort.  I 

3. — Another  method  hy  winch  Dutch  liquid  may  be  m 
consists  in  transmitting  olcfiant  gas  through  [terchlorido  i 
mony  »o  long  as  it  is  absorbed.  Tlie  pnxluct  is  suhmiitcd] 
tillalion,  and  the  heat  is  maintained  io  lutig  as  the  distiUata 
an  O'ly  liquid  on  the  addition  of  vatcr.  J 

The  <^  which  is  obtained  by  either  of  theac  proccaMi 
caQtc<),  ogitAt<)d  with  aucceanve  portions  of  oil  of  vitriol  J 
as  they  become  bUckened,  and  the  product  purified  M 
tillation.  ] 

Butch  liquid  is  a  colourless  aromatic  liquid  wbicb  I 
foluhle  in  water,  hut  freely  soluble  in  ether  and  in  aloobalj 
simplest  supposition  respcrting  the  compo^ilion  of  this  bon 
its  rajiour  (Mnsiitts  of  equal  volmnes  of  chlorine  and  of  olcM 
is  that  2  rolomca  or  l  equivalent  of  chlorine  are  cotnbini 
3  volumes  of  oleRant  gas,  and  condcoeod  into  half  tbd 
(C,U,C1),  whence  the  atomic  weight  of  olcSanl  gaa  slwa|u 
lialf  of -that  which  lias  l>cea  given  in  paragrsiih  391).  I^H 
gattODS  of  Itrguault  hare,  liowe^-er,  rcnd^d  it  ptfifaal^^| 
composition  uf  Dutch  liiiuid  is  not  correctly  represmte^H 
that  its  atomic  formula  is  not  C,H,Ct,  but  just  double.  Tm 
combining  volume  of  an  atoi'      'I  'Ifl 

'    the  atom  of  oxygeu,  and  the  <<  i^^ 

cxpcrimait,  ouineidcs  almost  euetly  with  that  rcqairoJl 
BuppoHlioa  that  the  fonnula  is  {C^llfCli) :—  I 


■>r  LiiwHixB  vrns  DDTcn  liquid. 
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BtoliU<iu>d    Cjn.Cl»=    99      loo-oo       4       I    =    3-4^0 

111U  for  Dut«k  liquid  is  commonly  writtCTi  CjHjCI,HCI. 

asctfrtained  bjr  Faraday  tlint  whco  Dutch  liquid  ia  cic- 

([tiua  Tosacl  with  diloriiic  to  the  direct  rays  of  tbe  nun, 

re   to  Kiiew   the    chlorine    as  long  oa  it  is  absoHwd, 

ia  uisimately  converted  into   tlie  white  cryittulliue  and 

M>«]uichloride  of  carbon,  wbiUt  a  very  copious  diecngagc- 

'  bj^drochloriti  acid  gas  tjtkes  place. 

lult  hiw  shown  that  tliia  formation  of  the  scsquichlcmdo 

ta  the  nrsuU  of  the  inlerehau|^  of  chlurine  for  hydrugeti 

pia|)Ositiuti  of  tjic   Dutch  li<iuid  ;  so  that  eesquicbloridc  of 

rmay  lie  regarded  as  Dutch  liquid  in  whicli  tlM-  place  of  tbe 

ia  sii|iplicd  by  cliloriuc  :  and  he  has  desenbcd  a  series  of 

ida  intermediate  betweeu  this  liquid  and  Farailny's  scttqui. 

of  carbon.     For  example: — if  chlorine   be  transmitted 

Dutch  liquid,  the  gas  is  rapirlly  absorbei],  and  the  liquid 

yellow  colour,  which  disappears  with  copious  erolution 

iloric  acid  when  it  i&  bruught  into  the  sun's  ray^  :    by 

ikdj[u>tinf;  tlicwlJitionof  chloriuc,a  now  liquid  ia  obtained, 

at  23i/°,aiid  ha.4a  spccilic  gravity  of  1*413.   Twoatoma 

[no  aei  upnu  1  atom  of  Dutch  liquid,   t  atom  of  the  chlo- 

ihiniuf;  with  i  of  hydn>gcu  to  form  the  di«cngagcd  hydro- 

Bad,  while  tltc  second  atom  of  chloritic  takes  the  position 

I -'-wl  hydrogen:   thus,  (CJI,Cl,UCi)  +  i  CI   furuiah 

r  IICI.     Thia  new  li(]uid  may  be  made  to  absorb  a 

itity  uf  chhirinc,  and   in  the  sun's  rays  it  uudergoes  a 

logons  to  the  prtce<Iiug  one ;  a  liquid  is  formed  which 

375',  and  ha*  a  density  of  1-576;  (C,H(CU,nCl)+aCl 

!,nn„IICI)  +  UCI.     Tltis  third  liquid,  if  again  acted 

lulijitionnl  atomH   of  chlorine,  undergoes    n  further 

ipositton;  a  still  heavier  liquid,   of  specific  gravity 

at  307",  ia  jiro-hiccd,  (CJICIj,nCl}  +  2  CI   hocoia- 

I  +  tICI :   aod  fin:illy,  thin  fourth  liquid,  when  acted 

U  exccM  of  oliluriue,  loses  the   remaining  atom  of  hy* 

becomes   the  solid    Hcsquicbloride   of  carbon;    for 

IJ  +  a  Cl  =  (CjCl,,ClJ  +  HCl;    the    bucccmivc    products 

cotnpoaitiuit  and  dciiitty  iiidicutod  iu  llie  following 


K       S50                     HISItOUtJ>E   iSa    DIMODIDK  OT  BTBTUKt.            ^H 

H                 Chhnmted  Compound*  derived  from  Dutch  lAi/uui.     ^| 

ka 

L 

BatUu 

Spsddc  rroiij. 

■ 

r 

■         Iftme  orC«ioip«iind. 

Utaid. 

v.p™-. 

'""tdH 

Diiirb  lii[uiil    .... 
Cliloriuntt^l  tlilto      ,     . 
BiohlcirinHU'i]  -Jitto  ,    . 
Totvliloriiintod  ditto 
Scwquidiloridr  of  oirbon 

184 

It  will  be  ecen  tlint  us  the  quantity  of  clitorinc  it 
boiling  point   ritte^,  and  the  density  both  of  the  liquid  aud  • 
vapour  iocrcwes :  id  every  cue  1  atom  of  ilic  cominond  ; 
volumes  of  vapour  (see  also  $  919  and  1021). 

{400  fl)    Bibromide  iff  Ethytene  (C,H,Br.=i88),   Sp. 
Liquid,  3'l63  ;  t^f  Vapour,  6-485 ;  Bailinif  PI.  365°.- 
obtained  a  xeritH  of  coiiiiKtuiids  from  oldiant  gas  containiligl 
tbe  bibromidc  of  ethylene  or  bromioated  compound  001 
Dutch  liquid,  may  Im  procured  b;  pltfcing  bromine  in 
trananiittinj;  into  it  a  current  of  olcGant  gas  as  fau  as  it  is  1 
a  ra{)i(l  combination  occurs,  the  temi^rature  rising  sensibly.] 
broraiuo  is  gradually  decolorised,  and  an  ethcna]  liquid  of  1 
odour,  niid  a  pungent  but  aweet  ta*tc,  i>  obtained.      It 
purified  by  agitating  it  with  caustic  potash,  then  dUtilUng  : 
of  vitriol  and  RiibtH:c[ucnt)y  from  cnustic  baryta. 

Biwodide  of  ElhyUne  {i^^\l^\.=z%2),  or  the  compound] 
fiant  gas  with  iodiue,  com^pouding   to  I>utch  liquid,  i» 
which  crystallixes   in   long,  colourless,  eilky  needles,  or  hn  I 
plates  :  it  bos  a  sweetish  taste  and  an  ethereal  |>e»etrBtiilf  1 
which  causes  headache ;  it  niclto  at  163'',  and  forms  a  1 
mats  on  cooling.     It  may  be  sublimed  in  a  cunvot  of  olc 
but  cannot  be  sublimed  in  air  or  in  vacuo  without  bcittg  1 
it  rlowly  undergoes  spautaoeous  dccom position,  beoooiingl 
ordiuary  temperatures,  especially  under  the  iiiBueuce  of  I 
compound  may  be  obtained  by  placing  iodine  in  a  Aatk  < 
neck,  heitUng  it  by  mean*  of  a  water-bath  to  i^o"  or! 
transmitting  a  current  of  olefiant  gas.     The  iodine  mdbtl 
sorbs  the  gn«,  whilst  tbe  ti<;w  eompouud  a*  it  is  funnrd 
partial  tnblimatiou.    It  i.*  also  said  to  bo  obtained  by  1 
iodide  of  etbyl  by  trauimiiwion  ihrougb  a  purcclain  tube  '■ 
redueas.     It  may  be  puriftcd  by  wosliing  with  a  weak 
potasli  and  recryatalliifntion  from  boiliug  aloobuL 


(401)  LtouT  CAUVKrrtki)  IlYDaooicjf :  fin 
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\itarah  Gax,  or  Ftre-t/aiHp :  Hsfdride t^f  MttAgl  {C,U^=  l6)  i 

1  o'.i59^  ;  Com6.  Vol.  4. 

nria/ion. —  1. — This   gat  U  be»t  obtoiiiod  in    a   Ktate  of 
|liy  a   procCM   rocommcnclcd  byPcraoz:  10'    parts  oftbe. 
:  of  liarytu   uiiJ  \Q\  of  uuhyilrouA  aciCtatc  of  Mxlit,  wre  verjr' 
Jjr  iDued,  and  hcoted  over  a  charcoal  fire   in  a  Florcooo 
Ltcd  with  A  luting;  of  Gre-clay  tnsJc  into   a  imste  vrilli  a 
:  iif  bomx.      The  flask  is  fitted  with  a  cork  and  bout  tube, 
:  gu  iM  coUocted  uvvr  water  in  tbc  nsttal  way.*     A  niixtiiro 
I  of  cauatic  potash  and  3  of  quick^lime  may  be  aiibetitutcd 
!  bjrdralc  of  btu^ta. 

-Tbc  gaa  is  aUo  eAsilr  procured  (mingled  with  nitrc^cn  and 

acid) ,  &»  A  result  of  llic  dL-compo^itiou  of  Tv^etable  matter 

in  the  mod  of  stagnant  pools ;  and  hence  its   name  of 

\$c».     In  order  to  collect  the  gas  from  this  Rourcc  a  bottle 

:  fillei)  with  water,  inrcrted  in  the  pool,  and  having  fastened 

into  the  ticck  of  the  bottle,  the  mud  beneath  is  ntirred 

the  gas  then  rises  into  the  bottle  in  bubbles. 
...... I   carburcUi-d  hydrogen  is  one  of  tbc  principnl  con- 

I  uTcoul  gaa ;  it  also  occurs  abundantly  in  many  coal  mines, 
Cortb  auesjxx^tcdly  from  tbc  scams  of  ooal,  and  bloiring  • 
llic  flasnre  for  many  mouths  tofjether,  as  though  eacaping-j 
Ikigh  pressure.     TbcM!  natural  discliargcs  of  the 
term   '  blowreM.*      According  to    the  exjierimentB   of 
be  gas  from  the  Xewcasllc  coal  field  is  free  from  admix- 
Hb  olcfiant  gas,  hydrof(eu,  carbonic  oxide,  and  carbonic  acid. 
*l>fTtiet. — Subcarburctted  hydrogen  is  a  colourless,  inodo-, 
ud  toktelew  gas,  scarcely  soluble  in  water,  but  hoIuIiIg  in. 
to  k  Hoall  extent :  not  injurious  to  life  if  diluted  with  air. 
i''irt  combii--*tiuii,  but  \*  it-telf  inflikminable,  and 
ilow  lumiuous  flame.     By  passing  tlirougli  it  a 
^ml  •ucecHiiiou  of  elcetric  sparkn,  or  by  ncnding  it  through 
cd  to  wbiteocss,  it  is  decomposed  ;  its  carbon  is  dcpositedgj 
imf  of  hydrogoi),  double  that  of  tbc  ga.*  employed,  is 
A  niUturo  of  this  gas  vilh  a  variable  proportion  of 
:  fas  conHtilul4'K  the  m04t  im|x>rtaiit  ingredient  of  coal 
baa   DO  cflcct  upon  it  in  the  dark,  but  if  the  two  go 
and  espowil  in  a  moist  condition  todiffuHcd  light,  hydro* 
'    larbonic   acids    aro    formed;    CjH^  +  8  CI  +  4!I0= 
I.      An  excess  of  chlortue  converts  marsh  gas  iuto 


•rrto.       Cub  I..ni4,       ('ill..  Kila.       Ibnhl**. 
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hydrocliloric  acid  aod  bkhloridc  of  carbon,  kIich  the 
exposed  to  liglit. 

Msrsh  gas  rcijuirc*  twice  i\x  Toliime  of  cajgen  (or 
oomliiutioii.     The  3  volumm  of  tlie  roixod  gases  after 
are  condensed  into  i  volume ;  they  yii'ld  1  volutoe  of  1 
acid  Hiid  a  little  wAtcr.     Now  carlKinic  acid  contains  its  ownl 
of  oxygen ;    it   tbcrcfbro    represents   uiic  of  iho   2   roh 
oxygen  ttiiich  hkve  dtuppenred,  whiUt  the  other  volume  v^t 
has  united  with  2  volumes  of  hydrogen  anil  formt^  water, 
carhurcltcd   hydrogen  must  conBCiiucntly  coutaiu  its  own ' 
of  carbon  vapour  and  twice  its  volume  of  hydrogen, 
into  the  H|ttoo  of  l  to1ud3C^  and  its  composition   may 
represcnlcd : — 

a        =    ij    or    75 

K     =  *      2 

C,U^     ~    lis         100 

When   marsh  gas  ia  mixKl  with  air,  an  explosive  mt 
formed,  which  takcH  fire  on   the  npprunch  of  n   light,  anili 
oocosiona  accidents  attended  with  loss  of  life  to  those 
engaged  in  cosl  mines.     The  fatal  results  of  an  cxplo*i>'t> 
damp  in  the  mine  are  not,  honever,  limited  to  the  n'<^i:i 
violence  which  it  occasions  to  the  sulfcrers.     Tlie  '  after-< 
the  miners  term  it,  or  vitiated  atmosphere  that  the  cxpl 
dticcs,  is  often  fatal  to  those  employed  in  other  part*  of  1 
or  to  the  generous  hot  ignorant  and  rash  survivor  wbo  1 
to  descend  into  the  pit  before  it  baa  been  properly  vent 
order  to  sucnour  liis  ix>ninulcs,  or  to  aioertain  their  fate. 
tlie  composition  of  fire-damp  it  is  obvious  that  this  gaa  tuj 
ing  renders  ten  timcti  it«  hulk  of  atmospheric  aif  unfit  tot] 
tion ;  the  :  volumes  of  axrgon  which  10  ndumes  of  air  I 
produdiig  I   volume  of  airbouic  acid,  and  2  Tolumm 
which  become  condensed,  ]ca\-ing  8  volumes  of  i^t 

It  was  with  a  view  of  dLtcovering  »ome  mean* 
thcM  fatal  results  that  Davy  instituted  those  important 
on  Rame  whiclt  Inl  him  to  the  invention  »f  tlw  *^ 
inatrument  which  has  prevented  many  teriotis  accidc 
enabled  many  coal-fields  to  be  workctl  which  otfac 
beeu  abandoned,  on  account  of  the  abomlant  cKipe  1 
from  tlie  warlcings. 

(40  j)  Prineiple  of  the  S^/ietf  Lump. — The  tflm| 
for  the  eombu^tion  of  diffi^rcut  bodies  varies  . 
^n  at  a  very  low  tempurature,— ptuMpbortu,  : 


mlNCIVLK  or    TUK   UrXTT   LAMP. 
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Uie  hoAy ;  aiilpliur  at  tAout  4^0" ;  otben,  as  olcfinnt  gw    ' 
IrotulpliuHc  wid,  uccil  s  rctl  lt<'ut.     A   high   temperature   ' 
vevcr  CMcutiol  to  tlie  exixteuce  of  Hiiniea,  and  particularly  of 
'  1  by  the  cotolniBtioa  of  the  hydrocarboiu.     Sub' 
.lri>gcii,   although  an   iuflauiinable  gas,  nHi»irc«  a    ' 
T  tcmpt-rature  to  iguite  it  tliau  moet  other  iollaniaiable 
^.  K  «ill    uot  uxiilo(]<!  vrhcu  mixtsl  either  with  lr*»  than  4 

tib  bulk  of  nii»QH]iberic  air,  or  with  more  than  16  timea  its 
r;  tlte  gas  iu  the  latter  cow  lmrii»  ouly  in  iinmodiatc  am- 
'-■'■'  -Me  flame  of  the  laaip,  fur  tbc  lurgo  volume  of  air  vrilb 
~_  mixed  prevents  the  temperature  from  riaiog  to  tbc  point 
^br  for  the  general  oonllagralioQ  of  tbc  gas :  the  most  power* 
^■oaion  it  occasiooctl  nluiu  the  giu  i»  mixed  with  7  or  8 
Ka  bulk  of  air. 

HitMution  maj*  often  bo  carried  oa  below  the  point  of  inBam- 
^E  llic  smuulderitig  trick  of  a  taper  recently  blown  out  ia 
Kn  point.  Again,  if  a  glowing  coil  of  platiiinm  wire,  or  a  hot 
H«latinum  foil,  be  iiupc-uded  iu  a  current  of  coal  gas  mixed 
^^^Mfilumc  air,  tbc  metal  will  be  maintained  at  a  red  beat 
^^Hhl  comhiiiatiou  of  the  oxygen  with  the  gas,  which,  how- 
^^b  uot  take  6re  uutil  the  platinum  bcconica  heated  m-arly 

^^K>and  that  uo  explosion  oould  be  produced  in  a  mixture 
^^■jirc-dnmp,  through  a  narrow  tube,  owing  to  the  cooling 
^P^btch  the  tube  exerted  upon  the  gas  ;  and  the  narrower 
He^  the  vhurtcr  was  tbc  length  re^iuired  to  produce  this  pro- 
^bSect.  Hemmiug's  safety  tube  for  the  oxyhydro^cu  blow- 
^mu\  dn(iRnJii  for  its  cfBcacy  u|>oa  the  cooling  inllueuce  which 
Htatlic  tulies  or  chaaoeU,  formed  by  the  interstices  between 
Hrm,  exert  upon  the  biiniirig  jet  of  gas :  the  beat  of  the 
^Li&  this  way  prevented  from  pasung  backwards  and  causing 
^^■do  of  the  mixed  gaaea  in  the  reservoir. 
^^^Lat  <  re  be  introchicixl  into  ahy  flame,  a  dark  space  ■ 

^^BirrvLi  .—  ,-  ijiitcly  around  the  wire,  owing  to  the  cooling 
^Ktlie  meul ;  a  second  wire  eoola  tbc  flume  still  farther ;  and 
^^k'  lie  completely  extinguished  by  the  reduction  of 

^HRr<  (  -  -  '<'e<)  by  bringing  down  a  coil  of  wire  ujion  it; 
^br  aaiac  ooil  lic  ptcriously  hcate<l  to  redness,  and,  wlUlst  still 
^■b-  r  the  flame,  the  latter  will  oontinue  to  bum. 

^^B^.^  game  wo  may  easily  cut  off  tliu  upper  part  of 

^^^br  nuburat'd  gasea  being  cooled  by  its  means  below  tbo 
^^^p  '    <     if  a   piece  of  gaiixe  with  large  mcshea  Itc 

^^BjL  '^  tlie  flame  so  long  as  it  remains  cold,  but 


tak.«<^ 


iuvt'i  urKTT  Lxitr. 

Y-ii  • — -f^  the  network  u  soon  »  the  wii 
viha  (nbout  400  to  tlic  GqoDrc  isel 
(^  !   the  metat  U  tutlident  tu  cool  the  fl 

tfe  ^u.ii«  ..  ^'xUtM,  even  though  the  wire  itscir  be  ni 
%,  MMftlftr  nMHWt  tbc  gus  aImyc  the  gavxe  xuaj  be  IdndM 
%bi  c  fBM  through  to  the  gas  belov.     Advsnta 

(^  Li_*  ^.i  ^nufeum  ia  the  bboratorjr  to  obtnin  b  uook 
dM  imt  at  onfinuj  co«I  gu : — A  loctatlic  chiinncy, 
brinw,  and  fumiihcil  At  tnp  with  a  1 
■  any  cotivcuicDt  fonn  of  burner ;  th' 
tk»  biHMB  aMJ  Bucs  with  the  gaH ;  tb»  ini^ttirc  b 
vtth  a  btue  flanu^  wbJoh  emits  scarody 
ao  OBoke  npo«  cold  object*,  pronded  that 
c  dnj;  yrfiforttoned  to  that  of  tbo  air  which  mil 
IfrilirifiT*  vere  beittilirnll}-  npjihcd  \iy  Davy 
Rtrtictiou  of  hiB  miner'*  lam 
merelj  an  oil  lamp,  fig.  2^ 

tvilbiii  a  cj'liodcr   of    Hnr  m 
providt'd   with  a  double  top, 
a  crooked  wircj  w,  irliich 
tiglitly   through  a  tulic  tmr 
body    of    tlie   Uiii[i,  for   th 
of    trimming    the    wtck 
noccBBity  for  removing  the  ' 
iiig.     When  such  a  lamp  u 
into  ati  explosive  ntmoepbei 
■JT    '^""P'   '''*'    (lame   ia  oeai  gl 
^__    ^^-^^-^^  enlarge  as  the  proportion  of 
hydrogen  increases,  until    ml 
<v.:,-  I'vliudrr;  when  tbo  go*  i*  in  »u(Ih] 
^!i  ,  \liiigui)>hcd  ;  if  il  be  withdrann  fr 
•  hitc  (he  cylinder  appcan  to  l>e  full  of 
«  «ikM>>«u^v  rrkiiidtnl,  and  the  lamp  ooDtintua  to 
W%«w«vr  this  pate,  euUrgcd  OaniQ  is  seetij 
h«  .*  for  though  no  explosion  can  occur 
«vi  at  tbnl  lii^h  tnn|)ci-»tiire  the  nvti 
a>i<1   nti^ht   easily   brenk  into  hole* 
xuuld  llien  determine  the  fat* 
•^•^l  lu  tbc  construction  of 
'  tneahca  tn  the  kqiian; 


L^'as 


may  be  blown  thn 


bv  tti  tt-uiporatuiv  is  suOiciratU  n-u^^ 
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tploRiuri,  but  iiich  an  occurrence  may  be  cuity  guarded 
the  use  of  a  icmu. 

JVnlurv  a/  Flame. — It  ia  neocssniy  to  the  productiou  of 
tbe  c^ontbiutiblc  be  of  such  a  nnttire  «s  to  lie  cniivpr- 
vapour  before  it  uiiitcrgocs  combiution,  ottumme  no 
prmlucfxl.  Well  burned  charcoal  or  dianiotid  bums  vith 
Mc-iidud  with  flame,  tut  also  docs  iron  n-irc.  None 
>  -:  are  susceptible  of  vohitilisatioii  lit  the  tciupc- 
idiDg  their  combostion.  Sulphur,  pbospbonis,  and 
into  ilic  aeriform  coiidilioit  before  the/  attain  n  tcmpe- 
bigli  as  that  pnxluccd  hy  ibinr  combination  vitb  oxfgeo, 
f,  H  well  as  tlie  Tariouii  combustible  gnseH,  burn  with 

:  ia,  in  IHct,  produced  whenercr  a  ooutinnoua  supply  of 
vnpour  or  gas  is  made  to  oombine  at  a  eufficieotly 
tefapcratiire   with    atmoxphcric   oxygon,  or  with    some 
I  mpporUrr  of  combustion.     Id  all  ordinary  co&cs,  therefore, 
[a  lumiiions  cnvHope  which  forms  u  limiting  surfiice  bvtwcea 
cunibu»tible  vithin  and  the  aupportcr  of  oombuBtion 

bolliiw  Htructarc  of  flame  may  be  easily  shown  by  experi* 

<  If  a  wooden  match  be  held  for  a  few  tcconds  across  tho 

'tlic  llnoM!  of  a  spirit  lamp  with  a  large  wiek,  the  match 

charred  at  the  edges  of  the  flame,  but  the  ititcrmc- 

ia  will  reinnin  uninjured.      If  a  fragment  of  phosphorus 

in    a  small  deflagrating  spoon,  igniU-d,  and  tlicn  intro- 

I  tliv  miildlc  of  tlie  flame,  it  will  be  cxtinguttihed ;  but  it 

with  it5  former  energy  the  moment  that  the  spoon  is 

from   the   tliimc.      The  tapering   form  which    flames 

I  due  to  the  ascending  current  produced  in  the  atmosphere 

St  aitcnduut  ou  the  rombuatton.  Vr'ithia  the  burning  por- 

Jtc  tiamc  is  an  atmosphere  of  unbunicd  combustible  matter : 

ting  into  a  flftinc,  such  oa  tliat  of  a  wax  candle,  juftt  above 

lower  ostrcroity  of  a  glass  tube,  open  at  both  ends, 

I  of  an  iitcb  in  diameter,  and  Ave  or  six  inches  long, 

"in  the  interior  may  be  drawn  off,  and  may  be  ignited  at 

aperturi!  of  the  tultc. 

unjinrliuit  to  remark  that  tho  light  and  the  beat  emitted 

by  no  means  pniiiortinnal  to  each  oilier.     Tlic  heat 

to  tlic  energy  of  the  chemical  action;  and  when  a 

mitlter,  without  solid  particles,  composes  both  tha| 

and  thv  product  of  the  combustion,  little  or  no  light 


u«iiT  or  DimmcxT  rLiuu. 
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hovof  *  jet  of  bvdrogen  n  inrdy 
tvif  tbe  osjhyilrogvtt  jet  ilaelf,  ftlttio 
nee*  of  bMtt  at  our  ctnunand,  ii 
'  of  hftlrogcii.     For  tlw 
in  oiTgCD  is  feeble,  ootn 
rbich  tliey  oomlnnc ;  Ixrth  the  ' 
'  tdd  are  guseous  bodiu.     Pho 
■oile  >o  oncrgclicallj  w  to  lake  fitcl 
.  kf  wot  coiitAct,  yet  emit  but  little  Itj^Iil  < 
tk«  ehlorida  of  plioRpborus,  u  welt  i 
f  WT  vDlatiie  bodies. 
t««M»  Ahub  the  liglit  ia  emitted  from  wlul 

. IWfight  from  bodiea  fecbl}'  iguiteil  is  red] 

light  bcoomca  jclloir,  tbco  vbitc, 
,  tbe  luore  refhuigtble  rsy»  of  the  i 
:  it  bu  ft  sh&4le  of  blue  or  violet. 
•  aolid  object  iuto  a  noa-lniniaoiu 
k  Mv  «mm[ilc,  into  tbe  osyhvilrogen  jet, 
ihdk  l^v  lime,  doe«  tiot  melt  at  tbat  temg 
iH»  M  intense  tbat  tbo  eye  can  ecaroely 
www,  siooe  tbey  do  not  contribute  to  the  i 
Mf  ID  the  fiiLiDC,  aecessarily  roduce  ibt  bealr  I 
,aM(  p>«cr.     It  b  immaturiid  nbetlier  the 
k»  ewfcmtiblt;.  or  bave  already  underge 
— lA*  thae  of  hydrogen  may  be  rciidend 
riiWMH  a  little  pondered  diarooal  through 
H^  |o»dcrcd    niagiie«in,  oxide  of  zinc,  or  l| 
acid  produced  by  tbe  combtiiition 
.nw  it.     Indeed  no  belter  illustialion  of 
HB  m  affijnled  by  contraitiiig;  lUc  paiiilUllj 
I  )p  Ibe  combustion  of  pbo«phorTu  in  mj 
le  phoBphoric  arid  is  prodiurod,  with 
.  kff  the  aamo  body  aft  it  bum*  in  chlorine 
n  «<rd  for  illnminatitig  purpoees  arc  all 

'inpouod*  of  carbon  and  hydrogen.  Al 
\-'*i  jMrrfect  trnn>]wrcticy  of  tl>c  gaa 
^'tid  purticlcs  of  rarboci  during  thu  i 
■11  of  earboti  during  tbe  |irw9e»a  ofi 
■  •uiijile  ex|>edin)l  of  intnidaring  a  oold 
^MJ^o'  *  piece  of  gla»«>  into  a  tiiminms  ' 
4^  tlackoncd  from  tl 

maol  *  auidl^-  ' '         .  .,k  u.'   . 

«t  taUow  nl  •iok,  an 
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iraonrbnus  hjr  tha  beat  of  tlic  conibiution.  At  the 
the  Barae,  tf,  fig.  ly?,  tliwe  hjdmcarbotis  arc  iinitie- 
inglcd  with  atnioapbcric  air,  do  scparatioD  of 
iweiirn  hrrv,  anil  tlicy  bum  vritli  a  )ialc  bhie 
Tb«  greater  (Kirtiori  gf  the  oomliiistil)!c  giwcs 
n,  however,  nrc  »liU  iitibtirtied ;  tlmy  rive 
wick,  forming  the  oentral  tiark  jwirt,  c,  of 
:  here  ibey  arc  subJL'ctcil  to  a  high  tem- 
(mm  the  nimbiiittion  of  tlio  blue  portJmi 
mvtitioneti ;  th«  heat  now  cnuMts  the  w'pdi- 
pf  the  rnrI»o»  in  the  »oli<l  fonn,  which  bccomr?, 
igiiitvd  iu  the  burning  gM,  emitting  light 
part  iiinrkctl  h  i  ami  this  carboa  it&cU',  in  a 
adjusted  llainr,  graOuallv  bums  nwaj^  witb- 
ue  iir  fimoki',  as  it  comes  to  the  surface,  ef. 
with  oxygen.  In  order  to  produce  1)il- 
Muoiint  of  light,  the  poiDt  which  requires  the  greatest 
is  the  due  uljuatment  of  the  supply  of  air;  if  too  much 
tlie  gna  barna  with  n  blue,  feebly  bimiuouK  flnmc;  &11 
geh  majr  Ito  Hcen  by  blowing  upon  s  common  gaa  flame,  or 
'fciiig  the  effwris  of  tht  wind  npoii  the  osiiofled  gMlis;bt»  at 
Ihc  iLtigthcoitij;  nf  tlio  chimney  of  a  lamp  produces  »  hiinibir 
In  thiMi!  Ckses  the  giui  becomes  immediittely  mixed  with 
of  the  air,  and  it  is  completely  burned  Wfore  it  ha."  been 
li)  &n  elevated  temperature  for  a  time  suHicicntly  long  to 
the  Bcparattoii  of  carbon.  The  supply  of  air,  however, 
be  too  much  limited;  otherwiiie,  n«  may  be  aeon  by 
tbfi  central  tube  which  admits  air  to  an  argand  burner, 
i  Iwcornca  red  from  the  reduction  of  temperature,  tho 
101  off  unbiime<J,  ami  the  oxygen  Iieitig  iii^uificienl  lo 
cutubtI.^tion,  the  fl«nc  become*  smoky.  The  light 
is  iucfcOMd  by  any  contriraiice  which,  williout  dcrangin^l 
nf  the  eombustinn,  conccntrntcs  it  into  a  Mmdlcr  space, 
'■ti<  ru'i'Ft  the  temperature  of  the  deiioftited  eurbun  to  tlio 
t  u  in  tliU  way  l)iat  on  BT:gaud  burner  proihices  a  farf 
,t  of  light  with  a  given  enuHumptiou  nf  gat,  than  if 
itity  nf  gAji  weie  bunio<l  in  eeparatc  jet». 
Thrart/  nf  the  Jihwpipe. — Tlie  temperature  of  a  namej 
riBlIy  iiicrvnaed  by  auf;tiieiiting  the  activity  of  the 
I mcentrating  its  effcci  by  diminishing  the  extent 
er  wliich  il  would  otherwise  take  place.  It  ia  upoa 
!  all  hill'-.,'  1  .■■'A:  a  jet  of  air  or  of  oxygen 
^-riurof.'  the  combustion  ttt  Ihtu  render 
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^iDore  n.pii,  it  is  limited  to  a  much  smaller  *pux,  and 
efaaitged  in  clinnictcr. 

Tli€  month  bloix^ipc  is  one  of  the  mott  rmluablr  a: 
inhtruninits  of  rcm-itrcli  which  the  (Jicmiiit 
'*'  '^       lie   is  enabled  br   its   means,   in    a  few 

n''  arrive  with    certiiioty   and  ecoiiomy  at   roa( 

without  its  aid  would  require  niucli  eipcnt 
of  fuel   and  of  lime ;  oikI  it  often  affords 
which  coald  be  ohtsinnl  in  no  otlicr  way. 

The  niuuth  blowpipe  consists  essentially 

tuho,    terminatinf;  in    a    tint    uniform 

chaiidwr  for  the  oondeiwiition  of  moiMura 

I  breatl).       A  very  convenient  form  of  the 

I  ia  shown  «t  fig.  398.     It  couusts  of  a  coo 

'    ^  tin  i)latc,  about  eight  inches  long,  open  at 

end,  a,  which  i»  rounded  utT  so  as   to  ula 

the  Hpa,  and  closed  at  its  lower  end,  from  the  aid< 

project*  n  biMHK   tubc^  6,  altuut  an   inch  in   length,  11 

is  fitted  a  small  lir:ii>a  jet.     Thin  jet  is  inscTtcd  to  a 

into  the  flame  of  a  cundle,  about  an  eighth  of  on   itu 

wick ;  when  a  current  of  air  from  the  blowpipe  is  dil 

xotitally  along  the  surfsM  of  tltc  wick,  the  flnine   losa 

noeit]^,  and  is  projected  laterally  in  the  form  of  a  bvaut 

_  cone,    iu    w 

Fio.  31)9. 

a 


parts  arc  <U 
cemible  («ec 
In  tlie  rent 
d I- lined  blue 
side  that  is  < 
jiort  of  tlie 

minating  at  a,  and  exterior  to  that  u  a  pale  yt 
e.  The  dilTcrent  parts  of  thi«  flame  pomcM  t-ery  diBci 
tica.  The  blue  cone  is  formal  by  the  admiKtnre  of  a 
combnvlihle  gases  rising  from  the  wick,  and  it  corrn 
blue  portion,  a,  of  an  ordinary  flame,  flg.  34^;.  In 
the  tUmc  eatnbu»tto»  i»  crmiplcte,  and  the  -  ■  - 
the  jet  is  in  exoow;  the  point?  where  the  i  . 
Borbwl  by  combiniitinn  with  froh  [lortiuns  ■■{  tlte 
Tapoura  which  nrc  ooniitantly  futiua  fnim  other  pan* 
l»re  clearly  delincd  by  the  aurfHcc  which  •p<ti.«  1*1  1! 
cone.  In  front  of  tliin  blue  cone  is  the  1 
taintng  nnhnntrti  comhtntible  gaMi«  nt  u  li 
of  connit   liarc  a  powerful   tendency   to   < 
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^B  of  some  mclallii;  oxkIo,  such  as  oii<te  of  copper, 
I^Biiitc  tu  ti«  t'utiipKrtcly  nitx-lopcd  by  the  Iuriidous 
[  introduced  into  this  part  of  the  flame,  tlie  oxide  will 
'oxvgi'n,  ill  oonaoquence  of  the  MipcHor  afFiDitv  of 
\tiir  Diis  element,  and  the  oxide  will  I>c  rcducnl  to 
benco  thia  portion  is  termed  the  reducing 
Slowpipe.  At  the  apex,  t,  af  tlie  llame,  the  cflods 
Hur«,  atmospheric  oxygeu  at  a  high  tompcrnturo 
ly  curried  forward  along  witli  the  com{Jet«ly  formed 
iiubtiBtioti,  and  a  fragment  of  any  metal,  eiich  as 
ir  tin,  if  placed  at  this  point  will  ijuiokly  Income 
and  hence  thia  spot  is  termed  the  oxidating 
iw{n|>c.  A  good  illiiAtralion  of  the  oppoiiittf  actiona 
(uous  portions  of  the  llame  is  aflbrilcd  by  the  eflccta 
respectively  produce  on  a  piece  of  flint-glaiu  tiihing. 
uf  lend  cuntaiDc»)  in  the  glass  is  partially  decomposed 
iig  llnme,  and  the  glaiitt  at  thia  point  becomes  black 
in  ll»c  rcductiou  of  the  oxide  of  lead  to  the  motollie 
placing  the  hIaekcDcd  part  for  a  few  Mecon<l»  in  the 
I',  oxygnn  is  a^in  aliaorbcd  by  the  nict&l,  aud  the 
bf  the  glaav  !s  restored. 

ftc  of  the  Mouth  Rhtepipe. — The  art  of  maintaining 
rjllast   by  the  mouth  blowpipe  is   not   easily  described, 
n]iiired  by  practice  without  much  difficulty.     When 
to  bo  examined  by  the  blowpipe,  it  may  he  first 
a  uRiall  glHSa  tul)e,  in  order  to  oboerrc  whether  it 
[litatcs,  or  is  voliitilizMl  wholly  or  partially.     It  may 
in  a  narrow  tube,  open  at  both  end;*,  to  ascertain 
9,ra»,  or  chnuges  oulour,   or  cmiu   any   odour.     It 
rtiuned  whether  it  la  redu<^ed  tu  the  mutnllic 
Trcduced,  what  is  the  colour  of  the  metal;  whether 
ntid  whether  it  i»  brittle,  crystalline,  or  mullcahlc. 
lions   npon   reduction  may  be   best  made  when  the 
xl  to  the  flume  upon  a  cliak  of  char- 
ay  be  conveniently  auppurtcd,  as  pro* 
in  the  manner  fhowii  at  i   fig, 

:   an  edge  view  of  a  slip  of  tin  plat«, 

long  and  half  an  inch   wide,  bent  at 

to  bold   the    charcoal    di!>k.      No.   -i 

3ot.     The  charcoal  should  be  sawn  into 

third  of  an  inch  id  thickncsa,  so  an 

'-ro»  the  grain.     A  vmnll  cavity 

jon    the    upjwr  aarhce  of  each 
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disk  for  tlic  receptioa  of  the  fragmeut  of  material  under 
1)011,  «bicli  Eliould  be  about  the  size  of  k  pin's  liend,  or  %\ 
iiiusUnl-i<«cil. 

Soiueliines  nhes  the   subaCancc    ts    not   cuily   rcdn 

platinum    wire    (lenl 
•^''  hook  at  one  extreuiitj 

ft  more  conrtuitout  vug 
Bhoitu  at  fig.  301.    Itj 
tlitH    mcana    be 
wlictlivr    the    »ab«t 
parts  niiy  colour  U> 
whether  the  body,  if   it  be  fusible,  yields    a    train 
opiu|ue,  or  a  coloured  l>ead  ;  vhether  any  duitige  be 
tiie  Bubstaucc,  according  aa  it  is  heated  iu  the  icduciug  < 
oxidntiug  flame. 

The  employment  of  certain  fluxes  ofleu  aids  the  jud 
the  opes«tor  by  the  colour   or  Appeoroitoc  thus   produc 
most  importaut   of  these  fluses  arc  borax  aud  cartroiiate 
Wlieu  hor^s  t»  uiitHl  (494)  a  platiuuiu  wire  fui'mx  tlic  bc»t ' 
but  when  carbonate  of  soda  is  employed,  especiHliy  for  thai 
uf  reiliiciiig  the  metal»,  a  nupport  of  churooal  is  rc^uirali 
Diilcrciit  forms  of  the  blowpipe  have  been  prupoacd,  1 
to  tlie  puqjoMw  fur  which  it  is  destined.    The  glau-wc 
requires  a  large  supply  of  air  to  be  inuiulaincd  tiotnUTnip^ 
loug  periods,  and  he  comniouly  employs  a  pair  uf  double 
worked  by  the  foot. 


Fio.  303. 


A  portable 
ginsa  working 
as  follows. — ^A 
box  of  itiiic,  dg. 
14  itit;liC9  bi};h   andj 
is  difidod  intu 
bore,  c   niid   rf,  by| 
plini(;in    which 
tiqiicly  nearly  lo 
uf  the  Imx  ;  thf 
commuairaic 
otlKT  below  i  one ' 
d,   hi   open    abimvl 
oa«cml    aitfa    a 
the    other   cli 
clmnl  at  the 
iii(«    jrt,     c. 
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rtic  «>veriii|«  of  tliii  chnmhcr,  which  U  further  supplied 
toti);cr  |>i)>e,  a  b,  [iftsfiiitg  down  to  oithin  a  !<hort  iti>taiicc 
battom,  cuVcTvd  with  n  lisp  of  ftilk  to  prcvotit  the  return 
irater  in  ciue  the  operntor  should  ttuddenly  cease  to  hhivr 
o.  If  the  box  be  now  partially  filled  with  water,  the 
tif  tlifr  column  of  liquid  will  expel  the  air  through  the 
in  iinj  dc«md  dirMtion.  By  blowing  down  the  Iqdr  pipe, 
or  ciui  renew  tlio  supply  of  air  as  often  lu*  may  be 
;  it  bubble  np  ioto  the  eloecd  chamber,  c,  driving  the 
hack  into  the  open  one,  when  the  rolumn  of  Uijiiid,  by  its 
renews  tho  blast  a<)  before.  The  gas-bumcr,/,  can  be 
I  or  lowered  a»  may  l>e  nccctnry,  and  by  mewiR  of  a  >liding 
g,  can  be  made  to  approach  towards  or  recede  from  the 
ai  may  l>c  rt-(]uircd.  An  oil-lamp  may  be  u^^d  wli(.ii  gwi 
It  ham]  ;  it  has,  indeed,  the  advanta^  of  giving  a  more 
t  tlian  gas,  and  it  ii  less  likely  to  rcdncc  the  oxido  of 
icd  in  flint  glass. 

a  very  intense  heat  is  Tcquircd,a  np)ri(>lamp,  or  gas- flame, 

birh  n  eiirrent  of  niygeu  from  a  giu>-lin1r!er  is  directed, 

ctnplm-itl ;  and  occasionally,  in  ca^cs  where  a  still  stronger 

mitiinilfi,  Twonnte  nuty  be  had  to  the  oxybydrogen  btow- 

'   "'b,  owiiiK  to  the  complete  intermixture  of  the  two 

.^tnc*  i»  •olid,  and  therefore  of  small  dimensions, 

S)  Oil  Gas,  Tttrylew  or  Bu/ylene  (CgHs=56) :  Sp.  Gr.  <j/" 
■*'54 ;  R/*  /.»'/'*■''  «t  5^',  0'6a7  ;   Comb.  Vol.  4. — This  com- 
discoTcrud  by  I-'aroday  to  he  one  of  the  eoni-tituents  of 
obtained   by  the  detitructiYe   duitilialiou  of  oil.     It  ia 
btsolublc  in  water,  but  ia  taken  up  freely  by  alcohol,  and 
I  abundantly  by  oil  of  vitriol.     Oil  )^  is  eondeneed  at  o**  F. 
orleao  lii|iiid  ;  ibe  gas  itself  i&  colourless,  and  bums  with 
powfrfully  luminous  flame.      It  contains  tlie  same  pro- 
,  of  carbon   and  of  hydrogen  a«  otcfiant  gas,  but  the  two 
are   comletm-d    in  oil    gas  into   half   the   bulk   nhiclt 
eu{>y  in   olcrmnt  gas.      1    volume  of  this  gas  ie4]uirca  A 
1  for  its  complete  combtution,  water  and 
'   ^rciMlucts.     Cooacquently  its  composition 
tltua  nipn»t»tcd  :— ' 


(ijdr<i|iitd 


I4J1) 


Oil  KM         V^Uf  =c    3A       10000 


UjitA. 

16  or  ^ 
4        •     »=   t  «1 
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^  III.  CoHFOWDs  or  Caruon  with  OxvanT' 

Bc«i<1cs  carbonic  oxide  ftnd  cnrbonic  ncid,  nrUm 
other  oxidea  pOMCSMid  of  acid  cliaroctcre :   vix.. 

Oxalic  acid 3  HO,C; 

BLodiEOiiic  ncwJ 3  HO.CjO. 

Crocoiiic  acid UO.CJOJ, 

Sleltitic  ncid J  HO,C,0, 

(406)  OuLic  Acid  (HO,  CjO^  +  a  Aq),  or,  more 
a  HO,  C,0g  +  4  Aq. — This  important  and  powcrTul  acid 
usefully  introduced  licre,  though  it  belongs  to  the  dii 
organic  cheraistiy,  ae  it  is  always  obtained  frocn  sugar, 
Momt'  otliiT  nubvtaiicc  of  organic  oiigiii,  and  ia  one  of  thej 
of  tlic  oxicbition  of  these  eiilwtaoccs  under  Utc  infliieD< 
niuic  acid  or  of  hydrate  of  potash ;  it  is  moreover  k 
constituent  of  the  juices  of  plants.  Oxalic  acid  ia  abul 
tbc  leaves  of  the  vood  sorn-l  {Oxalis  acrlOKlta),  to  nt 
communicates  their  powerfully  arid  taulo,  and  iu  wbidi  jl 
in  combination  with  potash  as  hinoxalatc  of  potasli.  ltl 
tikevise  in  the  Rumtx  acelota  and  iu  tlie  leaT-Btalkfl 
common  rimborb.  Many  lichens  one  their  solidity  to  thttl 
of  oxalate  of  lime,  nud  have  even  been  employed  m  a  aoud 
ocid.  It  ia  also  containod  abundantly  in  the  barilla  plad 
form  of  ni-iitrnl  oxalate  of  M>da.  ■ 

Prtjmralion. — Oxalic  acid  may  be  procured  by  liratioH 
citric,  or  malic  acid  with  an  exwM  of  hydnto  of  potM 
when  starch,  sugar,  or  ligneous  tissnc  is  similarly  treated, fl 
ia  evolved  and  oxalate  of  potash  is  among  the  [>n>diicbafl 
qoantitiea  of  oxalic  acid  arc  indeed  now  made  (at  ifl 
printer  by  heating  Mwdiist  witli  hydrate  of  potuh,  or  hfl 
soda.  But  the  acid  ia  cotnmonljr  prepared  by  the  oxifl 
sugar  or  of  fttarcli  by  nitric  acid.  Bcrzrlius  recommcwlfl 
iugcr'a  mode  of  operating,  as  yielding  it  in  thr  l>iir«^^| 
and  in  the  largest  quantity : — 1  part  of  dry  loaf  auj^vSH 
ia  8  ■-  psrta  of  nitric  add,  of  S]>.  gr.  1  '38,  and  heated  in  a  d 
all  cirrrve^ccnoc  has  ccascil ;  a  copious  evululiuu  '  '  I 

aud  of  nitric  oxiile  attoiiils   llie   reaction.     The  -  J 

evajwrMtiid  by  a  watcr-botli  to  one  sixth  of  it«  bulk,  uS 
crystallizes  on  cooling.  Tlie  TDolhcr-lii|iiur  n>ny  Ixt  fe^| 
ociijrated  by  ovapumtiun  :  the  oxalii.-  ocid  ia  purified  nP^I 
liution,  and  amouubt  to  moR!  tluui  lialf  tbc  weight  of  9 
einpliivcd.  ^^1 

Vrojta-tif. — Oxalic  acnl  ai  tliiu  obtabicd  crystallflH 


at  foiir-sidcd  prisms,  which  are  reprcsctitod  hf  tho  formula 
;IiO,  C,0, 'r4  Aq).  Tliis  acid  rvquin:tt  about  9  part*  of  cold 
for  solnbon,  but  it  is  diaaolved  much  more  freely  by  boitin^ 
;  it  is  nlxo  soluble  in  alcohol.  "Hic  crrstaU  when  hcub.-d  to 
,31:^  become  opaque,  oud  ime.  183  per  cent,  of  water.  The  residue 
jdieu  cousists  of  (3  110,  C,0^,  but  the  ranwning  2  atona  of  water 
tunot  be  expelled  by  the  mere  action  of  hent ;  tliey  can  only  be 
by  at)  equivalent  amount  of  some  metallie  oxide.  If  the 
jdned  crystals  be  placed  in  a  retort,  and  licatnl  by  niean^  of  an  oil- 
to  between  300°  and  320°  they  arc  slowly  sublimed  and  are 
rnscd  in  white  nee<llca ;  but  if  beuted  above  330''  the  acid  is 
Idtcomposcd.  When  the  crystalliKod  osalic  acid  is  licatcd  quickly 
irithout  prenous  desiccation,  it  incltn  in  it*  wiittr  of  crj'»talli;talion, 
jkod  at  31 1°  is  resolved,  with  apparent  ebullition,  into  a  mixture  of 
iorbuiic  acid,  cartxinic  oxide,  water,  oud  formic  acid : — 

P       3  UO,C.O,  +  4  HO  =  3  CO,  +  4 110  +  lioic^ll^ 

nd  formic  atcid  wheiti  decomposed  by  heat  yields  carbonic  oiide 
U  water; 

nO.C.HO,  becoming  2  H0  +  {C0), 

clot  ha-9  itliunn  that  tbisi  coDvention  of  oxalic  into  formic 
i«  (-a^iily  eO'cctcd  by  diK^olmg  the  oxalic  acid  in  glycerin,  and 
ing  to  alxHit  300°,  when  Tonnic  acid  slowly  jMuute*  over,  and 

tttbonic  nctd  escapes ;  but  if  the  temperature  be  raised  to  380° 

oriioiiic  oxide  i»  obtained  in  ubundaitec  (1 173). 
Tlie  composition  of  oxalic  acid  is  as  follows : — 


•S^ 


AakjAou. 


hde  add  C,0,  ■•  71    two 


0,-48      53* 
■)B0=i8      wo 


CnxUIHifd. 

Cj      mtAIITia-OS 

0,     =4      3810 
«HO     -54     4f*i 


iH0,C,0y4Aq=  196    loo«a 


The  solation  of  oxalic  acid  has  an  intensely  sour  ta»te ;  if 
nrallowcd,  the  acid  acta  as  a  powerful  poison,  occasioning  death  in 
I  rery  few  hours.  Tlic  best  autidote  in  such  a  case  is  the  admi- 
pttmtioa  of  chalk  or  of  magnesia  suspended  in  water. 

It  ia  a  general  rule  that  when  an  elementarj'  body  forma  two 
more  acids  with  oxygen,  the  acid  wliich  contains'  the  largest 
at  of  oxygen  is  the  most  energetic  in  its  action.  Thus  the 
Iphuric  acid  is  more  powerful  than  the  sulphurous :  chloric  acid 
j»  stronger  than  by(»oclilocouB  acid,  and  the  perchloric  acid  is 
tttoDger  thaD  cither.  It  in,  however,  otherwise  in  t\ie  case  o'C 
joabc  add;  a}lhoitgh  oxalic  acid  caataius  .t  smaller  ]^ro^iUoa  ul 
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oxygen   itian  carbonic  iiciti,   Jti*  udltiity  for  bases  is  mncb  mor 
energetic,  and  it  decomposcB  all  the  carbonnttis  witJi  cfr(Tvc*ceDoe.J 
the  ciiiwe  of  tbis  remarkable:  c-xceplion  to  the  geueral  rule  has  notl 
liitberio  been  explaiucd,     Berzclitis  eupgcsts  that  the  carbon  ui[ 
oxalic  acid  majr  be  id  a  diBercDt  allutropic  coiiilitioii  to  that  in  whic 
it  exUta  in  carbonic  acid.     The  equivalent  of  carbon  in  oxalic  i 
miglu  therefore  be  C=13,  or  the  double  of  what  it  ia  in  carbonic] 
acid ;  and  oxalic  acid  might  llius  be  a  tcroxide  of  a  particular  for 
of  carbon,  CO,.     On  the  other  hand,  the  facility  with  which  os^| 
acid,  under  the  influence  of  oniiiburie  acid  (303),  is  docomi 
into  a  mixturu  of  equal  rolumcs  of  carbonic  acid   and   carL 
oxide,  renders  nnch  a  hypotliKiis  very  doubtful.     Some  chcmiAj 
hare  l>een  disposed  to  rc^rd  the  oxalic  ncid  rather  iia  an  oxide  1 
carbonic  oxide  (C0],0,  than  lut  a  true  03ii<lo  of  cubon.     Su 
Fpecnlations,  however,    are    Taluable    rather  on   accouDt  of 
experiments  and   reHCurebes  which  they  auggeat,  than  from 
iuhercnt  probability  which  they  posMBs. 

Oxalates. — Until  ktcly  oxalic  acid  was  regarded  oa  monobaaie 
but  Cierhardt  has  given  good  reaiioaa  for  viewing  it  as  dibnsie.     1 
forniM  a   Inrge   number  of  iusolubie  salt*.      The   iu«olubility 
oxalate  of  lime  in  vater  has  led  to  the  employment  of  oxalic 
as  a  n^agt-nt  fur  indicating  the  cxistcucc  of  lime  in  solution, 
fur  determining  \i»  aniunnt.     Un  adding  a  neutral  oxalate  ta 
nentnil  or  alkaline  solutioa  of  any  salt  of  time,  the  oxalate  of 
falls  as  a  white  precipitate,  which  ii  insoluble  iu  aceticacid.     A 
drying  at  100°  F.,  100  parts  of  this  salt  coti»i»t  of,  1  CaO.C^Oj 
+  4  Aq,  and  when  healed   to  bright  rcdneit*  leave  34"i5  of 
quicklime,  corresponding  to  439  of  anhydrous  oxalic  scid. 
oxalates  of  magnesia,  emlmium,  and  mangnnc^^c  arc  al»o  white 
nearly  insoluble,  they   each,  when  dried   at   ai2°,  retain  4 
Oxalate  of  xinc  U  white  ;  oxalate  of  cobalt  is  rosc-Colourc<t ;  oxali 
of  nickel  is  greenish  white,  and  the  protoxalate  of  iron  is  yellovi 
they  are  all  sparingly  soluble,  and  retain  4  Aq  at  100*  P. 
oxalates  of  barj'ta  and  s^trontia  arc  white,  and  that  of  copper  is  1 
a  pidc  blue:  they  are  nearly  insoluble,  and  retain  2  Aq  at   211^ 
The  oxalates  of  lead   and  Kilver  arc  white,  and  anhydrous, 
tlic  insoluble  oxalates  are  readily  dissolved  by  diluted  nitric  aaSA 

An   insoluble  basic   oxalate  of   lead   {6  PbO,  C^Og)   may 
obtained  by  precipitating  the  tribasic  acetate  of  lead  by  means  of  j 
neutral  aoluhle  oxalate.     One  of  the  most  characteristic  salts ' 
this  aeid  is  the  oxalate  of  silver,  which  when  licstcd  ou  pbitiai 
foil  ia  miitlctily  reduced   to  the  metallic  state,  and  ia  diaper 
■  with  a  slight  ex]jIo9iou,  owing  to  t\ic  %iiiiaLCtt\ftK!«!C\i»  (S  ■ 
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AgO,C^O,=3  Ag  +  4C0,.  The  oxalates  of  many  other  of 
be  metuU  whtoii  hftve  but  »iiun  ^tiilj'  for  oxygen,  tho!<c  of  cobidt 
■d  nickel  amcmg  the  number,  arc  reduced  to  the  metallic  state  if 
Mated  to  rcdni^w  in  n  clu*fd  vewc),  *«  *»  to  i-^xohide  iitmo«phcric 
niygen  ;  4  equivalents  of  carbonic  acid  ga»  being  expelled,  whilst 
tiic  ]>iire  metal  i«  \c(t  iH-hiiu].  Tliis  reducing  ;ictioii  occuru  in  the 
^Bof  gold,  when  a  solution  of  a  aalt  of  this  metal  is  Kiriiply 
^BbI  with  an  oxalate;  the  gold  is  [irc^ipitittcd,  cither  in  (lakes 
^Hn  the  form  of  a  very  finely  divided  powder.  The  oxalate!*  of 
Rf  alkalies  and  the  alkaline  enrthit  arc  converted  by  a  dtdl  red 
lieat  into  Ciulwimtes  of  tlie«e  bases;  tlie  carbonic  ojiiile  burning 
off  irith  a  pale  blue  6anie,  whiUt  the  salt  docs  not  exhibit  any 
lappesrance  of  charring. 

;  With  the  alkalies  oxalic  acid  forma  three  classes  of  salts :  one 
diM,  the  normal  salts  of  the  acid,  conlainii  3  eijuivaleuts  of  btuc 
to  3  equivalents  or  i  atom  of  the  acid ;  such,  for  example,  is  the 
CM  with  the  oxalate  of  ummuniu  [2  ll^NO,C^Og  +  2  Aq).  The 
•eeoDd  class  is  add,  and  contains  1  equivalent  of  a  lixed  base  and 
I  of  vatcr  to  2  equivalents  or  1  atom  of  the  acid  ;  biuoxalatc  of 
ipolaih  or  the  tail  of  sorrel  (K(>,  110,  C,0^i-2  Aq),  is  a  salt  of 
I lU>  dcscriptioD :  whilst  th«  third  class,  exemplified  by  the  wilt 
!a»iJly  termed  quodroxalat*  of  potash  (KO,  3  HO,  a  <'»<)«+  4  Aq), 
Botains  the  unusual  proportion  of  4  equivalents  or  a  atoms  of  a 
'fibnic  acid  to  1  atom  of  a  fixed  base  and  3  atoms  of  haxic  water. 

Oxalic  arid  forms  a  large  number  of  double  salts, — such  as 
tint  of  protoxide  of  uranium  and  ammonia  (TJO,  H,NO,  C,0,),  that 
jrfMsquioxide  of  uranium  and  ammonia  (UjO,,H,N0,  C^0|,  +  6Aq), 
aai  t  ticautiTuI  scries  of  saltN  with  oxide  of  chromium,  of  which 
Ac  double  salt  of  potaj*!i  {3  KO,  Cr,  0^,3  C,0,  +  6  Aq)  is  the  re- 
iroeotativc. 

i  {407}  RAwihon'ic,  Croconic,  and  MeUitic  Adda. — Three  other 
IKtds  containing  carbon  and  oxygen  arc  known  uudcr  tlic:«e  iiumeit, 
bit  they  are  of  i>Hgbt  importance. 

ftltodizonic  Acid  (3  HO,  C.Oj  ?)  is  an  acid  which  forms  salts 
tfa  beautifiil  red  or  scarlet  colour,  whence  it  derives  its  namo 
tbom  pvSo*',  a  'rose'].  It  is  obtained  by  the  action  of  a  moist 
Unocphere  on  the  dark  olive-green  compouud  which  pota-tsium 
|)eUa  when  gently  heated  in  carlxinic  oxide  gas,  aud  which  is 
famed  abundantly  during  the  preparation  of  potassium. 

If  the  aquoou»  solution  of  rhodizonale  of  potash  be  bcnled,  it 
.  *  dceoiuposed  into  oxalate  of  potash,  and  the  salt  of  a  new  acid, 
fhich  from  the  yellow  coJwwr  oFiU  compounds  is  termed  Croconic 
1 1134  whj'btpotMJi  u  »ct  at  Ubcti^  (^J't^big)  : — • 
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Hhodif  unu^  (rf  Oulatdof  CrocoutAf  t4 

pQiaaiu  pu|jM}u  polvili. 
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a  HO  +  a  (3  KO.CjOj)  =  3  KO.C.O,  +  2  (KO.C.OJ  +  2  (KO,H0) 

Croconic  ftcifl  w  obtuined  hy  dccoinjwiiing  crooonate  of  poUdi 
with  silicofliioric  acid.  It  forms  yellow  crrstals  Bolable  both  ia 
water  and  iii  alculiol.  Crocouic  acid  and  tlic  M>lut)l«  crocoiuM 
furnish  yellow  sparingly  soluble  crystalline  plates  when  misod  wiA 
salts  uf  biiryta  or  of  Icik). 

Mrliitic  Acid  [i  H0,C„Og)  has  hitlierto  been  found  otAj 
ill  MeiliU,  a  larc  miucrnl,  consisting  of  mcllitatc  of  iilnmint 
{2  ALOj,  3  C^Oj  + jfi  Aq),  which  is  now  and  then  met  »ilh  ia 
lignite,  nnd  occurs  crj-stalliM-d  in  honcy-ycltow  traDsparent 
hcdra.  Mellitic  arid  is  cutractcd  from  mellite  by  Irailiiig  t 
pondered  mineral  with  carbonate  of  ammonia.  Jlcllitalc 
aitunoiiia  is  obtained  in  solution  :  by  the  addition  of  acetate 
Icwi  to  the  liquid,  the  mcllitatc  of  lead  (2  PbO.C^Oa  +  a  Aq) 
prccipitriti-d.  Tliis  precipitate,  when  wa-ihcd,  is  »u»p(n)ded  in  wai 
auti  decomposed  by  a  current  of  sulphuretted  hydrogen;  eulphi 
of  Ictiil  is*  thus  formed,  and  is  iteparatol  by  filtration  from  t]i 
sohitiou  which  contains  tbc  hbcratcd  mcllitic  acid  ;  on  eyaporati: 
the  li(|iu(l  tlic  ai'id  is  k-ft  in  a  :<tntc  of  purity.  McUitJc  acid  i 
soluble  in  water  and  in  alcohol ;  it  may  be  obtained  crystalli 
in  groups  of  needles  by  tbc  «iioiitnneous  e\'a]Kiratioii  of  the  aleoholt 
solution.  Its  solution  reddens  litmus  strongly,  and  has  a  strong^ 
Hour  taste.  Mcllitic  acid  is  unchanged  by  boiling  nitric  or  sut 
pliuric  acids.  The  acid  is  deoom|Ki»ed  by  heat  into  a  volatile  crjr* 
tallinc  sublimate,  and  into  carbon.  With  the  salta  of  lead  tfai 
meJIitati-n  give  a  voluminous  white  precipitate,  which  gruduall 
shrinks  in  bulk  and  becomes  crvstallinc. 

K  §  IV.  Compounds  op  Carbon  with  Nitrogen. 

(408)   Cvanoorn  (NCj  or  Cy  =  26)  :  Sp.  Gr.  1-8064;   Com 
Vol.  2. — This  substance  is  one  of  the  most  interesting  compouni 
of  carbon,  and  itH  discovery  by  Oaj-Lumac,  in  1814,  formed 
ejvooh  in  the  history  of  chemical  science.     It  was  the  first  cou: 
pound  body  which  was  distinctly  proved  to  enter  into  combinati 
with  elementary  substances  iu  a  manner  similar  to  that  in  uhii 
the  elements  combine  with  each  other.     New  views  of  cbcmi 
compaction  were   thus   originated,  which  have  since  acquired 
extensive  development,  and  have  exercised  a  most  material  iufluct 
Bpoa  tlie  theory  of  organic  comiwnuds  in  general.     The  namft 
^j'tfjwym  (from  xifucoc  '  blue,'  •ytvvjiw  t.Q '  ■^toivwtf^i'ub'katvwdfa; 
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tbe  drcamstaace  tltat  tlits  body  form*  an  essential  inf  rcdivnt  in 
PruKiao  bine.  lu  componcuts  arc  uuitcd  in  the  iHoitortiou  of  a 
■bRDS  of  carlwu  ari<l  i  atom  of  nitrogen,  but  no  direct  union  of 
Aetc  elements  caii  be  effected.  If  a  mixture  of  charcoal  aiid  car- 
bonate of  potoah  be  lic-atal  to  rcdncM  in  a  jiurcclaiii  tube,  and 
nilrogcii  be  passed  over  it,  the  potash  ia  reduced  to  potasaiiim, 
oibuuic  oxide  escapes  abundantly,  wbiUt  cyaoogcn  is  formed 
aod  uaitca  vith  tbe  potassium,  yielding  cyanide  of  putasxiiim  : — 

KO,  COj+4C  +  N  =  K,NCj+5CO. 
is  also  prncnt   in   small  quantity  amonj;  tlie  products 
led  dimog  the  diiitillation  of  ]iit  ciial;  uiid   it  is  fiirniKbcd 

_        tlie  decomposition  of  oxalate  of  ammonia  by  heat,  2  H,N(), 

!,0,  becoming  3  C,N  +  8  HO. 

The  compounds  of  cyanogen  arc,  however,  almost  always  ob- 
tained from  the  doublecyanidvof  pota«Hiumand  iron,  a  salt  which 
tiy*la!liic8  in  transparent  yellow  tables,  and  is  commonly  known 
^  the  name  of  jirugsiate  o/polath,  or  ferrocyanidc  of  potassium. 
flu  «alt  is  prepared  by  beating,  in  a  covered  iron  [>ot,  about  j 
pvta  of  refuiK;  animal  matter,  such  ns  the  parings  of  hoofs,  hides, 
Wuns,  &c.,  with  2  part-1  of  [tearlash,  and  irun  filings ;  the  nitrogen 
■nd  carbon  of  tbc  Bnimal  matters  react  upon  each  other  at  a  high 
Wnperature,  and  oombine  witli  a  portion  of  reduced  |K>tassium  and 
•ilh  iron.  On  digesting  the  mas?,  when  cold,  with  water,  the 
fenocyanide  of  {wtawtium  (K.j,KeCy,+3Aq)  is  formed,  and  is 
lepatitcd  from  the  solution  in  large  four-sided  tables,  ^Vhen  10 
prtoaf  thin  tudt  arc  dissolved  in  4  times  their  weight  of  warm  water, 
nd  distilled  with  7  parts  of  oil  of  litriol  diluted  with  twice  its 
weight  of  water,  until  about  half  the  bulk  of  the  liquid  hns  passed 
otcr,  a  dilute  solution  of  hydrocyanic  acid  (H(3y)  is  formed  ;'*'  this, 
if  mturated  with  red  oxide  of  mercury,  furnishes,  on  evaporation,  a 
BystalUuible  compound,  the  cyanide  of  mercury  (HgCy).  If  this 
k  tboTDngbly  dried,  aud  heated  in  a  retort,  it  is  decomposed  into 
■CTcory,  whicli  distils  over,  aud  cyanogen,  which  passes  off  as  a 
(CRoaiient  gas. 

Cyanogen  is  a  transparent  colourless  gas,  of  a  peculiar,  pene- 
Itatini;  odour :  it  is  p<HKonous  if  respired.  It  bums  with  a  beau- 
tiful flatnv  edged  with  pnrplo.     Cyanogen  is  soluble  in  one  fourth 


*  Thr  rcaetton  in  titia  case  i*  mtlicr  lew  umph  tbsa  might  havo  been 
•lk:]iatcd  I  it  WHS  lint  accanilolj  traced  by  Kvi-rJtt ; — 
i(K,PcCyJ+6(nO,SOJ  =  3UCy-)-(KFe,Cy,)+3(KO,HO.iSO.). 

rPMioKM  only  in  Mjwllod  b*  hydroryaolc  add.  the  other  half  temm. 
id  in  ilu-  /oimi  of  a  nrhittr,  insoluble,  <iuul)le  ojaiiido  ot  iroa  an& 
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of  its  bulk  of  water,  atitl  atill  more  Freely  so  in  alcoliol;  hcocel 
must  be  collected  over  mercury.     In  poreeliini  or  glxss  Te»«btt1 
supports  a  high  tem|>cr»tiire  without  decompoiiitioR,  but  if  heated 
in  iron  tube^^,  chnrconl  is  dcposile-d,   an^  a.  volume  of  nit 
equnl  Ui  tlml  of  the  cyuuogeii  utt-A,  rcni»init. 

The  composition  of  cyanogen  may  be  determined  by  del 
tioii  in  tho  eiulioiiieter  with  oxygen  ;  the  combustion  is  attei 
with  a  powerful  explosion.  Two  volumea  of  cyanogen  wit 
voliunes  of  oxygen  yield  4  roluuie»  of  carbonic  acid  nnd  2  Tolv 
of  nitrogen ;  4  volumes  of  carbon  vapour  and  2  volumes  of  nil 
mn^t  therefore  be  eoiidoused  in  it  into  2  volume:),  as  19  kU 
in  the  following  table : — 

Carbon  C,    =  ti  ur  46-15        4  or  3  =  0^39 

Nitrogen       N    =  14        53"S5        J         i  =  0971 

Cyanogen  HC,  =  36      10000        3         1  =  I'Soo 

Cyanogen  is  readily  reduced  to  the  lic|uid  stjitv  by  a  prcsmMJ 
of  its   own   vapour   eijual   to   about  4  atmospheres.     It  fomu 
colourless,  limpid  liquid,  of  sp.  gr.  0866  at  63*",  wliicli,  on 
removal  of  the  prewure,  rapidly  hut  quielly  resumes  the  ga 
state.     It  freezes  at — ^30",  and  forms   a  transparent   crysfc 
solid,  wliieh  i»  nearly  of  the  same  dea.iity  a«  the  liquid. 

I"*ig,  503  shows   an  easy  method  of  liquefying  cyanoj^tii :  a 
tube  of  hard  glas*  i*  licnt  into  the  form  a,  6,  c.     Into  the  limb,  a, ^ 
well  dried  cyanide  of  mercury  is   introduced;  heat  is  applied  taj 
the  cyanide  of  mercury  at  a ;  the  bend,  b,  is  placed  iu  a  l>asin  ' 
taining   a  frccKiug  mixture  of  ice  and  salt ;   as  sooa  as  the 
licgins  to  escape,  the  stopcock  at  c  is  closed,  and  liquid  cyaao 
becomes  condensed  in  the  bend,  b. 

Fio.303' 


I  ooiul 


-^^^ 


If  potftssinm  1>c  hcate<I  in  cyanogen  it  bums  and  coml 
with  it,  without  occasioning  the  decomposition  of  the  g«a,  forroin 
a  saline  boi}y  annlogous  to  common  salt.     This  experiment  &bo 
the  exiateuce  of  tlie  remacka.'blc  ptoprtV^  ^^ftswaai  \i^  t-j'san^'cft,,' 
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uirtnU  and  other  hodies  liico  an  element,     Thi« 

iu   Hui    mcuXc  iif  coiiiliiuiitioii  of  eyaoogcii,  vrbicb  has 

riM  to  the  theory  of  compouod  radicles  uow  ao  extenairdy 

|!b1  ill  ori^uio  clicmiatrir,  will  he   better  Lnictxl  by  cxamiaiii| 

of  tlku  itumtmiiia  coiujioiiuda  wliicti  cyuuogeu  foniLi  witli  tlh 

^tarj  tmlica. 

j)  IlruiuicriSicT  or  Pkussic  Acid    (!ICy=3;1 :  Sp,  Gr. 

f.  0-9476  ;  </  Li<iHid,  07058  at  45°  F. :  Mfiltf^g  Pt.  5*; 

Pi.  80" ;  Comb.  Vol.  4. — Cyanogen  forms  witli  hydrogen 

hly  irnjwrtaiit  oompounil,  tUougb  tlic  two  bodies  cauoot  be 

uiiitc  directly  nitli  eiMih  otber.     If  a  current  of  dritid  sul- 

sl  bytlrugctt  bo  transmitted  through  a  long  tube  filled  with 

of  luerenry  until  tlie  cyanide  lias  become  nearly  bliickened 

3ut,  anlphidc  of  mercury  and  liydrocyomc  acid  are  formed ; 

may  also  be  {nvpoml  by  deoompoaing  any  of  t]>e  cyimides 

img  acid,  and  enhjei^tiug  them  to  dictillatioa.     The  most 

ai(5il  (iroccM  is  that  of  Wohler :  he  prejiares  n  crude  cyanithj 

by  fusing  H  parts  of  the  dricJ  yellow  ferrucyanidc  of 

with  3  of  carbonate  of  |iotasb  and   1   part  of  citarcnol. 

I  n3t'!tion  the  potash  of  the  carbonate  is  deprived  of  oxygen  by 

J,  and  the  putaxsium  tuUes  the  place  of  the  iron  in  the 

side ;    3    atoms   of  cyanide  of   potaiisium  being   formed 

^1  atom  of  fcrrocyauidc ;  the  carboaiv  acid  of  the  carbonate 

kh  is  also  rcdurctl  to  the  state  of  carbonic  oxide  by  the  ex- 

[af  charcf>nl  which  is  employee!.     Thin  decompo«ilion  la  ebown 

:  following  cquttion :-~ 

K,FeCy,+  K0,CO,  +  2  C=3  KCy+Pe+3  CO. 

maaa  ia  trcatetl  with  6  times  its  weight  of  water,  in  & 

.  Tfsael  J  tho  dear  bquid  ia  decanted  from  the  iron  which 

ol^eot  of  this  operation  to  separate,  and  is  poured  into  a 

■ul|>hunc  add,  diluted  with  an  ctiual  weight  of  water,  is 

■iic  proportion  of  1  part  of  oil  of  vitriol  to  2 

_,_i    Ic,     At   lirst   the  distillation   procewU  spon- 

Jy  from   the   heat   deTcloiicd  by  tlic  admixture  of  the  aul- 

thc  water.     1 11  oi'der  to  oondciiHo  the  acid,  the  pro- 

iLf.    i-.       10  jMna through  along  U-ehaped  tube,  immented  in 

r,  Dtid  filled  with  chhvide  of  calcium,  with  the  exception 

•  toI)e,  nhich  contains  fragmentti  of  tbo 

)i.  _  md  ;  to  the  lx:nt  tube  is  attached  a  second 

cube,  which  [ia»sca  to  the  bottom  of  a  bottle  cooled  with 

U,     T1  .'    ..r  calcium  in  the  »yphou  tu)>c  retains 

d:i  ,       li;  of  potoMiuiu  absorbs  any  «ulpliunc 
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moA  tliat  miglit  cliAnce  to  poM  over,  wliiUt  tlic  livdr 
collccto  in  an  ftnlivdrous  atatc  iu  the  cooled  n-cvirer. 
tioD  of  sulphuric  nci<l  upon  cjanide  of  )iota»»iutn  u 
being  exactly  analogou§  to  iu  nctioti  upon  chloride  ofi 

KCy  +  no,  SOj,= UCy  +  KO,  SO,. 

Anliydrouti  Iivdrocyati  ic  add  is  a  volourleaa,  tnna; 
veaj  volatile  liquid ;  bo  rapidly  does  it  evaporate,  tb&t  if  i 
allowed  to  fnll  upon  n  glnsA  plntc,  part  of  the  acid 
by  the  cold  produced  by  its  owu  evajKiratiou.  Its  Tap 
odoiir  of  peach  blo«»om»,  causing  a  iwculiar  seiwo  of  of 
and  of  constriction  in  the  fauces.  Oiring  to  its  intco&cly  ] 
character,  thi;  greatest  car*:  is  mjuidtc  iit  oontluctiug  ny 
upon  this  sulifltauce;  the  apfaratua  should  always  be 
that  tlic  vapours  arc  carried  nvay  from  the  opcmtor  bj 
current  of  air. 

Hydrocynnic  acid  is  very  inflammable;  it  bums  wit 
resembling  that  of  cynnof^n.  but  of  a  iihtter   coltmr. 
formity  with  its  analogy  with  the  hydrogen  acids  of  cl 
the  other  halogens,  it  is  composed  of  2  Tolumea  of  hydr 
3   of  cyaiiugen   uDitcd   writhoiit  coudcnsation.      If  j 
oxygen   be  mingled  with  4  volames  of  this  VB]iour,  1 
obtained  which  detonates  iwworfally  on  transmitting  tU 
sfAtk  through  it;  4  volumes  of  ciirl>oni<-  neid   and  3  m^ 
nitrogen  remain,  and  3  volumes  of  stcain  nro  co<)dcn.»ed. 
poniliuu  of  hydrocii-auic  acid  may  be  calculated  from 
this  experiment,  and  may  be  represented  as  fiiUoiia  :— 

C.   =ticr  4445 

y  =  M       5'-H5 
n  «   I        3-jo 


CsHmd 

Nittogoi 

II;di«Ken 


4  or  I'o  =  V41 

2         org  =  0-4' 
a       O's  =  coj 


*2fSl«-^-'^.  =  '7     -«, 


l-O  ss. 


The  acid  properties  of  this  compound  are  but  fi-eblc; 
litmus  slightly,  dissolves  red  oxide  of  mercury  freely, 
pitatcs  mtrut«  of  silver  in  white  floccuU  (AgCy). 
potassium  always  has  an  alkaline  reaction :  its  solutic 
odour  of  the  acid.  Pure  liydrucyanic  acid  may  he  kc 
if  excluded  from  light;  but  in  diSiised  light  U 
jKwetl,  and  a  hruwti  tnattfr,  coiisiatiug  chielly  of 
it  formed.  I'clonze  has  pointed  out  n  remarkable 
vhich  furuiabcs  dilute  hydrocyanic  scid  almost  in  ■  stal«  1 
cryBUdlisid  i'oti-- 
li'iit  of  Iivilruci ,.  .,_,__.. 
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■11  a  retort  ami  licmted,  it  m«IU  at  248^,  Icnea  a  little 
u  184'',  nitii  between  356*  m«l  391"  Jistils  over,  aod  if  the 
bfl  transmitted  tlimtigh  n  rcH-hot  tube  it  is  wtiollv  converted 
ik^iln«yunic  nci*!  nml  wntcr;  U,NO,C,nOj=I!XC,+4  IIO. 
lul  uic-a»iir(w  itf  cniiDentratcd  byilrocyiiiiifi  and  Iiydroclilorio 
b*  mixol  tflgothcr,  formic  avid  and  ammonia  ore  rqiro* 

[jilmuvnnic  add,  toised  with  a  peculiar  csscntinl  oil,  is  ob- 
by  dUtillattoii  rrr)m  the  kerneJo  of  tlie  bilt«r  almond,  and 
tboM^  of  many  varieties  of  stone  fruit :  it  is  also  prcecnt 
ntur  which  i*  dUtillcd  off  the  leaves  of  tlic  laurel,  the 
and  sonic  other  shrubs :  the  juice  of  the  tapioca  plaut 
mf/niAu/)  liken  tMe  eontiiins  it,  iind  it  '»  uIm)  formed  under 
rcninatancca  during  the  oiidntiou  and  dcoompo«itioQ  of 
hidfi  of  nitrogen ijitii  KiibsiancieK. 
Iircjianitinii  of  diluted  hydrocyanic  acid  by  distiltatioa  < 
Hide  of  {lotaMiuoi  with  diluted  sulphuric  acid  hax 
ly  it>)ti(-4;d,  but  AS  the  acid  is  now  frequently  employc<l  in  mcd 
ii  (■  liijflily  iinjiortimt,  on  accuunl  of  its  energetic  action,  tu  bc 
'■II  iQ*are  it&  prc[)amtion  of  au  uniform  litrengtb.  This  is 
iiitaiiip<l  by  the  proccM  of  the  London  Phnrnincopocia,  which 
.(S;  gnuiiiof  cj'nuideof  sihfr  to  be  su-ipcndcd  in  an  ounce 
>dW.  and  to  bc  dceomposed  by  39^  grain*  of  hydrochloric  acid, 
it.  I'lir  lirguid  fnim  the  chloride  of  silver;  this  acid  con- 

;  ,.: .         :.  of  the  auhydroua  acid.     The  dilute  acid  is  less 
to  di«ompoairioit  than  if  concentrated,  C!ii>ecially  if  a  little 
'}-iC  arid  be  present:  but  it  stiouhl  always  \k  excluded 
^lit.      Thi»  ai'id  is  CTtrcincly  volntilo,  and  if  a  bottle 
laiiig  the  diluted  acid  be  left  open  for  a  few  hours  it  will  bc 
tn   h*Tr   iMilTiTt;d   n  very  material   rtdimlion   in   strength; 
the  mere  opiMiing  and  closing  the  bottle  in  dis|kensing  the 
iM  alwRya  reduces  it«  Mtreugth.    When  subjected  to  dintil- 
•  laf:ge  quantity  is  nsually  lo-it,  and  the  greater  jxirtion  of 
come*  over  in  the  first  fourth  of  the  distillate      What 
Scftrrtr'a  acid  varies  greatly  in  strength,  owing   to  the 
iitg  the  itcid  vapour.     It  is  directed  to  be  prc- 
piirt*  of  femeyiinide  of  potassium  with  yy^  ^ 
.  prorionsly  diluted  with  40  part«  of  water,  and  distill 
io  jiorta  ara  collected.     It  seldom  contains  more  th:m' 
„  of  tlte  acid,  and  the  proportion  is  often  coasidcrably  tesa. 
B}  Ci/anitUn. — The  cyanide*  of  the  alkaline  metal*  arc  freely 
n  water.      Mnuy  of  the  evaiiides  of  the  heatricr  metals  aro 
In  water,  but  niwt  of  thcni  are  deoomposed  with 
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tton  of  hTdrocjaiiic  add  whwi  botlal  with  tiyilrocliI(»ric  &ai 
those  of  Bilvi-r  nud  mercury,  wbcD  heated  to  redness,  yield  eraiiogi 
gas.  Solutions  of  the  salts  of  the  suboxide  of  mercury  give 
grey  [irmjiitiite  of  the  reduced  metal;  but  the  sails  of  tbo 
oxide  give  do  preeipilate  with  the  cyniiitUii.  Mont  of  the  cyaaiitc 
wbivh  nre  iosolublc  iu  water  may  be  dissolved  by  means  of  a  sols 
tion  of  the  ciiaiiides  of  the  iiutnlii  of  the  alkalies,  or  of  the  alk« 
line  curtlis :  in  such  cases  double  eyanide§  are  generally  formo 
Liebig  has  given  u  ready  method  for  the  ex  net  determination  oftfai 
Htreiigtb  of  a  solution  of  hydrocyanic  acid  formed  upon  the  soluhilit] 
of  those  double  eyaniditt  :■ — The  acid  to  Iw  tested  is  HU|icr!>atuntc 
with  It  solution  of  caustic  potash,  aud  a  standard  solution  of  uilnUi 
of  silver  (17  grains  of  nitrate  in  1000  mawnrcd  grains  of  wat*a 
is  gmdually  added,  agitating  the  mixture  after  each  addition; 
sooa  as  the  preeipitate  is  no  longer  ledisaiolved,  tb«  number 
divisions  of  nitrate  added  mu&t  be  read  off,  17  grains  of  tin 
nitrate  of  silver  represent  _;'4  grains  of  bydrocyauic  acid.  Tl 
reaction  i»  the  following  : — 

Ag0,N0j  +  2  KCy  =  KO,NO,  +  KCy^\gCy. 

The  presence  of  cbloridca  docs  not  interfere  with  the  ap[dtaa 
tion  of  the  te^t.  Sulphate  of  copper  msy  be  substituted  for  tli 
nitrate  of  eilvor,  if  the  hydrocyanic  solution  be  rendered  alkalin 
with  ammonia  instead  of  with  potash.  The  reaction  is  complete  I 
•oon  as  the  liquid  arquirca  a  slight  blue  tinge :  14*5  grains  of  tb 
oystallized  sulphate  represent  54  grains  of  hydrocyanic  acid. 

The  presence  of  the  soluble  cyanides,  or  of  hydrocyanic  aci 
in  aolutiou,  may  be  determined  by  the  foUoning  tests: — 

I.  "With  nitrate  of  silver  a  white,  cuitty  precipitate,  whic 
does  not  blacken  by  exposure  to  light,  Je  formed;  it  is  nearly  tH 
soluble  in  cold  nitiic  acid  ;  when  heated  to  redness  it  gives  off  tb 
intlammablc  vapour  of  cyanogen. — z.  If  to  the  liquid  a  slight  exco 
of  potash  be  udilcd,  luid  then  a  mixture  of  protusulphatc  aud  pel 
sulphate  of  ii'on,  a  precipitate  is  occasioned  which  when  trrott 
with  excess  of  hydrochloric  itcid  leaves  Prussian  blue.  This  ta 
may  be  modified  by  heating  gently  the  suspected  niixturo  wil 
sulphuric  acid,  and  suspending  iu  the  flask  or  retort  for  a  fy 
minutes,  npiere  of  paper  moistened  with  a  solulion  of  potash;  0 
dropping  a  weak  solution  of  protosulphate  of  iron  upon  the  papM 
aud  immersing  it  in  diluted  sulphuric  acid,  very  minute  traces  ( 
bydrucyanic  acid  may  ho  recognised  by  the  formation  of  Prtiuia 
b/ae. — ^.  Let  the  liipiid  he  acidulated  witli  a  few  drops  of  hydra 
chloric  acid,  place  it  iu  a  wntc\i  g\w*,  ttwi  \rt.  n  w»aA  Nta-ieli  glm 
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mowtCTiol  with  a  Hrop  of  a  aolullfiii  of  hydromilplinh!  of  annnonia 
be  iiivcrted  over  il ;  after  a  few  minutes  let  tbc  upper  iratcli-glosa 
be  rctnovetlr  tlie  lii]Ut()  be  evii]x>rate(]  to  di^nna  by  steam  heat, 
uul  let  the  dry  residue  be  treated  with  a  drop  of  a  weak  solution  of 
vcMjnidiluride  of  iruii ;  m  red  sulphocyanide  of  iron  U  formed  under 
Mitse  circunwtances. 

Tbc  cjBnidv))  of  iron,  of  cobalt,  of  chromium,  of  platinum,  adA 
I :  «ome  other  metaU,  form,  with  the  cyanides  of  the  alkalies  und 
of  iIk  earths,  compound*  of  a  pc^culiur  clinractcr,  in  which  the 
iicctenoe  of  the  iron,  or  of  the  cobalt,  &c.,  cannot  be  didcctcd 
br  the  usual  tests  for  these  mctjd».  Some  of  these  compounds 
uv  of  coosiderable  iraportauoe,  and  will  be  noticed  at  u  future 
point.  (1346  and  w^-) 

(411)  Ctamic  Acid  (lIO,CyO=9  +  34). — If  cyanogen  gas  be 

|incd  into  an  alkaline  solution,  a  change  ensuot  i>onR'tbiDg  analo* 

IpHU   to  that  which   occurs   when  chlorine   is   similarly  treated, 

I  ^uiidc  and  cyaiute  of  the  base  being  produced ;  but  the  cyanic  acid 

ataiiis  only  1  equivalent  of  oxygen  united  with  i  of  cyanogen ; 

Cy  +  a  (KO,nO)  =  KCy  +  KO,'CyO+i  no. 

CfUuUe  of  potash,  however,  ii  better  prepared  in  a  state  of 

itr,  by  fusing  the  cyanide  of  potassium  in  a  crucible,  and  add- 

io^  litbai:ge  (oiide  of  lead)  in  small  <)uantities,  till  tLc  oxide  ceases 

I  (t  be  decomposed ;  KCy  +  2  PbO  =  KO,CyO  +  a  Pb.     The  cyanato 

Ifteuily  separated  from  the  reduced  lead  and  the  excess  of  oxide 

Irf  ImiJ,   wliich,   from  their    superior   density,  sink   through  the 

ladted  mass  to  the  bottom.     Another  method  of  propariug  tlic 

iQuute  of  potash  consists  in  heating   an   intimate  mixture  of  a 

l^rts  (^  thoroughly  dried   ferrocyanide  of  putitssium  with  i  part 

I  ri  finely  powdered  anhydrous  black    oxido   of   manganese :  the 

■nnrc  is  placed  npon  a  sheet-iron  plate  ami  heated  to  dnil  red* 

and   tlie  mass  Is  kept  constantly  stirred.     When  the  eom- 

aa  has  ceased,  cynnntv  of  potiti«h  may  be  dissolTcd  ont  of  the 

ritb  hot  alcohol,  from  which  it  crystallixea  us  the  eolittioD 

Cynnate  of  potash,  if  kept  dry,  may  be  prw«rvcd  without 

but  so  nnstable  is  the  cyanic  acid  when  uncombincd  with 

ktsid  base,  that  on  attempting  to  separate  it  from  the  cyanatc  of 

by  tJie  addition  of  sulplinric  or  any  other  acid,  Irmcce  of  it 

ily  are  olitaincd  :  a  brisk  effervescence  euKucv, — each  eqairalcnt  of 

cyanic  acid  assimilates  the  elements  of  water,  and  is  almost 

cly  resolved    into  1   etjxtivuhnt  of  ammonia,  which    remaura 

tu»l»ujt£K«    r/Xfi   die  acid  catphycd    iii    dccompo«i«g  tUft 

.M.  T 


274 


cvAxic  ACID — cyAuuu>— ruuMtxio  Acra. 


cyoiiftte,  and  3  equivHicnts   of  carbonio  aciil,  irliicfa 
ufl'crvcaoencc: — 


Sotfl'-  '^'^'•■^        CfmUt  Vttub. 


tulpksid 


3  (H0,S0,)  +  K0,C,N0  +  2  U0  =  H,N0,S0,  +  K0,80,- 

Cyaoic  add  mey  he  otIicrui»c  procured:   rix.,  Uy 
eyanHric   acid  (a  HO,C,NjHO,l,   which   is   a   ciystalliaUl' 
BubsUncc  (13O3),  I    etOQi   of  which  contains  exactly   thej 
dements  as  3  atoms  of  hydntetl  cyaiiic  acid.     When  tb 
ponnd  IB  scaled  up  in  a   bnit   glass  tube,  one  limb  of 
kept  cool  vrhiliil  hoat  is  apjilied  to  the  cyaiiunc  acid  in 
limb,  a  limpid,  colourless   liquid   distils  over   and   is 
The  C)-aiiiiri<;  acid  is  thus   wliolly  convcftcd  into  pure 
cyanic  add. 

Cyanic  ncid  has  an  cxtrcmrly  pungent  odour,  and  is 
tile ;  it  acts  as  a  powerful  eauxtic  if  incautiously  dropped ' 
akin.     It  is,  however,  inapossihlc  to  preserve  this  conif 
in  the  course  of  a  few  hours  it  chaugcs  spootaueoDsly  iuta  : 
enamcl-likc  niii.->«,  which  is  pcminucnt  iu  the  air,  inM>Iuhle  i 
and  destitute  of  acid  properticft.     To  this  body  the  name  of  4 
has  been  given  :  it  Iiaa  the  same  composition  by  weight 
drated  cyanuric  and  cyanic  acids. 

Solutions  of  the  Holuble  cyauntes  give  white  precipic 
solutions  of  the  salts  of  lead,  of  silver,  or  of  suboxide  of  1 
they  yield  uo  precipitate  uilh  sulutioii  of  curroaive  sul 
with  tlic  solutions  of  salts  of  iron  or  of  tin.     With 
copjuT  tlicy  give  a  grcenisli-brown  predpitate,  and  with 
of  gold  a  brown  predpitatc. 

(412)  FrmiNic   Acid. — Besides  tlw  remarkable 
cyanogen  already  meiilionod,  there  is  aootbcr  acid   whit 
QU  analysis  tlie  same  pcr<cculage  of  its  L-omjioncats  as 
and  the  cyanic  and  eyanuric  acids,  though  it  posseaaca 
totally  different  Irom  any  of  them.     lis  compounds  otf 
fearful  violence.      By  diMwlnug  1  grain  of  silver  iu  20, 
nitric  add  dilutctl  with  about  jo  of  alcohol,  the  new  eami 
dcjKwitcd  in  crystalit,  wliicli,  when  dry,  detonate  with  tbcj 
friction :  they  consist  of  2  AgO,N,C,0,.     Hie 
this  Mtlt  )•  produced  1*  cuinpltcstul ;  the  nitn'-v"'  ^• 
riiud  from  the  nitric  add,  aud  the  varbuu  frut 

Fulminio  arid  luu  not   \xcn  nhiaiard  in  ou  lujlau 
atteinptiug  to  separate  it  from   its  salts  by  a  nuifc 
i(  b  resolved  inu)  hydrocyanic  add  and  other  hi 
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in  be  made  to  the  rultnitiatea  vbvn  other  compounilN  of 

are  dcteribcil  (1364). 

Lhr  fiilniinates  are  boiled  witli  a  §o)ution  of  chloride  of 
or  of  cbloriilo  of  potBmium,  the  ncid  i«  coDverted  into 
Uomerio  oonpoiiiii)  termed  iMOcyaituric  or /ulmimtric  acid 

This  body  is  bat  rcry  slightly  cz|iloa)ve. 
)  /tooxTUM. — The  jtropertiea  of  these  oxidca  of  cyanogen 
ariy  to  sbon  tbst  mere  idcutity  iu  ultimate  eomiKwition 
ifB^ent  to  produce  identity  of  cJienucal  chnrnctcr  or  pro- 
tliey  plnce  tlic  doctnne  of  iaomfrint  (or  the  cxisCetice  of 
6»   iili!iiti(-jil  in   ultimate  vom|iotutioii,  but  dilfcTciit  in 

pro])cnic«)  in  a  striking  point  of  riew.      Xumcroua 
itanou  will  occur  as  wo  pursue  furtbcr  the  study  of  the 

CDmpDUuds,  not  only  of  cyanogen,  but  of  other   bodies, 
ticularly   of  tluwc   which   forta   the   subject   of  organic 

8  arc  TftrioHs  fornix  of  iwmeritm ;  in  foiuc  cases  we  have 
la  the  proUablo  iliflercnDcs  of  molecular  arrai4;cmeut :  iu 
icre  iji  every  rciuou  to  suppose  tluit  the  amugemcot  of  the 
vj  molecules  is  ou  a  totally  diOercnt  plan  in  the  two 
hicli  are  compared.  Ilydratcd  cyanic  acid,  for  iustauoe, 
repraaeiiLed  aa  hydrated  oxide  of  cyanogen;  whilst  it  u 
httt  iu  cyamelid,  which  is  iusolubic,  and  presents  nothing 
cid  character,  tln^  urraiigement  of  its  coDntituentH  U  quite 
laomerie  compounds,  the  equivaleut  uumbcrg  of  which 
tii:al.  an  nid  to  he  tnelameric.  In  other  cases,  the  diffe- 
pn>[icrtic»  of  tx>dics  which  oootaiu  c^juiil  amounts  of  their 
U  ill  IOC  [Ktrb,  may  be  aimply  explained  u|)OU  the  aup- 
U»t  in  tbo  ditftrent  oumpouutU  the  slate  of  coudcns&tioD 
etiunenbi  in  dilfercDt;  bodies  supposed  to  be  thus  oonsti- 
;yo  been  termed  polymeric. 

follciwhig  ubic  onntaius  a  lint  of  M-veml  different  polymeric 
tub  of  carbon  and  hydrogen  which  contain  these  two  ele- 
tbo  |iroportiuu  of  ttiugle  equivalents  of  each.  Euch  of 
dies,  boworer,  posscases  properties  peculiar  to  itself:  and 
of  the  vapour  of  CJieh  be  compared,  it  will  Iw  found 
.cuts  have  undergone  ditleront  degrees  of  cxindensation 
remit  compounds.  As  the  deii»ity  of  the  vapour  iucrcasca, 
ed  tliat  the  boiling  point  of  aucb  a&  are  liquid 
iely.  SupiKMing  thot  an  L-quivalcnt  of  each  com- 
i*c»  otr  4  Tfilitmea  of  vapour,  tlie  fonnube  will  be  such  an 
led  in  the  Bubjoiucd  tabic  : — 

T  2 


nUUCTlNOOCN— CBURIDtS    or    CTANOOBX. 


I  Vtanlni)  (TrityleKe)   . 

'Ah^Mw 

:  RvfMW  ..... 
ItulAra*  (Ootrlcoe)  . 

Pmbjtmm    .... 

!C«t;kB» 

OMlylmM 

IbfaiiM 


Vttagb. 


DMiVatnpow. 


CNHmi.   CUmWtd 


0490 

1498 
I'iKa 

1-S75 

gofii 
8-O07 


o-48.i 
©■96: 

r4s« 

'■934 
■-418 

yass 

r73« 

>4-5«^ 


1u  tUs  acric6,  oIoBant  gas  luu  double  tbo  ik-iisi^  of 

I  it  mutt  ooutaiti  in  the  Mtme  volunio  of  Tapour 
M  ttlaiBentury  atoms.      In  like  mannc^r  oil  gna  miu 
t%tc«  H  Biauy  au>m«   m   oleriant  gas,   and  four  timei 
,  M«dlj|4BlMi ;  lutpbtheoc  vil!  contain  twice  u  many  1 
cetytaw  agiUD  <*>11    contain  double  llio  naintMT  of 
uid  bnlrogcn  in  tlic  umo  volume  of  vapoor  as 

1^14)  rAUCY&KooSN    (N,C,F). — The  ordinary  t^ 
tjmm^im  gM   from  cyanide  of  merrunr  ■&■ 
1  of  polymeric  isomi-rism.     AlWr  tbu  nioronl 

baw  Imi)  «s))rUcd  from   tlie  gisn  retort^  Uil 

itM  a  fltrtain  <|wuiti^  of  a  broim  matter,  composed 

m4  twtoi,  oombiDM)  U)  the  saote  proportioas  as  in 

fXi,  Jijy Jii»jni.  as  tliis  brawn  body  is  called,  is  iosolablo 
II  k  tjriilitT  volatile  nor  fiiAible,  but  like  cyanogca 
tel»  oiiwWwalvwi  with  other  elementary  bodies,  thcni^ 
ttMilhw  of  ih(*B  pnmpoands  has   (Men  aa  yet    but  ii 


ih:.— 


tu  Mirftoratiosvii  tlie  carbon  and  nitJogsD  arc  mora 
,  ,  :^m  ;  M>  that  if  wo  regard  cyHnogon  M  A 

\  .  II,  aeoonling  to  the  rxperiment*  of 

I  \  ,r,,  it*  combining  nuinlirr  bdng  ihm 
wiJ  ttw  olomeDts  wbiefa  oompoM  it  being  1 


.tWiMs  or  CfANoorK. — Chlorine  form* 
MMfio  coiU)niutid8,  all  of  wbieb  arv  1 
-  -*-  -  n>-dinary  temperature  of  the  mr  -, 
.1  I*  Mild. 
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■Chloridt  lif  Cj/anogra    (C'yCl=:6r3;    Sp.  Gr. 
it  Ims  an  intolerably  puugeiit  oitour,  and  irri> 
poworfaU;  ;  at  o"  F.  it  coudctun  in  long  prUmatie 
fuse  Bt  5°.      Four  voluiDGA  of  tlic   {^u>   contain  z 
anJ  i  of  cyanogen,  united  iritbont  condcnsa- 
com]>oiitiou  nay  be  tbus  repnaeaUd : — 


1 


Cv  s  i6     or  43-i8 
Cl    =   K  = 


I  of 

Ecn 


^ 


57'J3 


BjnlniH.  ilp.gr. 

a  or  05  =  0-900 


■0000 


I'o  =  1-116 


fililoiridc  of  cyanogen  m  freely  soluble  id  natcr,  in 
nlooiiol ;  the  iiolution  has  no  acid  reaction,  and  doct 
Bitnite  of  Mlvcr.  It  is  obtained  readily  by  trans* 
it  of  chlorine  through  a  retort  containing  a  roixtoro 
cyanide  oC  mercury  and  water  cooled  to  32^  by  tm> 
aelting  ice :  the  chloride  of  cyanogen  is  dissolved  by 
joi  this  tolntion  it  may  be  expelled  by  the  applico- 
itle  heat,  and  may  be  collected  over  inercnry. 
Fonoi,  the  gaseous  chlondc  of  cyanogen,  if  liquefied 
of  its  own  vapour,  atid  preserved  in  tuliea  her> 
led,  gra4liiaUy  becomes  cooTcrtcd  into  a  crystaUiaed 
>lid  chloride. 

kioruie  of  CyaHoycH  (CyjCl,=  ia3;  Meitmg  Pt.  19"; 
[1^  ia  procured  by  es))osing  ^-aiiideof  mercury  to  the 
gaa  iu  direct  sunlight.  A  yclloirish  oily  liquid 
id,  which  i»  converted  into  a  cryKtalline  mtwt  at  19^. 
vox  resembling  that  of  tbo  gaseous  chloride.  Liquid 
iiog«u  is  not  aoluble  in  water,  but  i*  freely  soluble 


i 


'hiaridr  0/  Cj/ancfffn    (Cy,Cl,=  i84'5) ;    Sp.   Gr.  of 

Mfding   Pi.  1^4,°;  Boiiing   Pt.  374*.— This  sub- 

iaci  in  tihitc  needles.     It  has  a  disogrcenhlc  odour. 

:iiee.     The  rapoor  of  this  compound  is  three  times  as 

that   of  the  gaseous  chloride,  it  therefore  contains  6 

jf  chlorine  and  6  rolumes  nf  cyanogen  condensed  into  the 

4   rolumes.     This   ehluridc  is  but  sparingly  soluble  in 

crash  it  la  freely  taken  up  by  alcohol  and  by  ctfacr.     The 

tridc  of  cyaoogru  may  be  prepared  by  decomponiug  eon- 

rdrocyanic  neid  by  exposing  it  in  a  glass  tcgscI  with  an 

chlorine  to  llie  direct  rays  of  the  sun. 

'     -    form  solid  crystalline  compounds  with 
w^. g  in  comi»eitioa  irilli  Ilicgascotu  chloride-, 
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tliry  may  he  obtaiued  by  dUttlling  cyauide  of  mtrcury  with  broraiw 
or  with  iodiac. 

(416)  Tlierc  are  other  iinporlaiit  rampounds  of  cynnogen,  the 
COiiHidcnilion  of  which  will  be  more  advuntagvously  pursued  hcrC' 
after ;  it  will  lie  sufTicldit  at  this  poiut  to  indicate  some  of 
leading  chemical  peculiarities. 

CyaHOjprii.  a*  we  ha%c  seen,  enters  into  rombioation  with 
iioti-nivtallic  elements  as  though  it  were  of  itself  an  cliMneittary  bodj 
III  this  manner  bodiett  itueh  a»  the  chtonde»,  tlte  bromides,  and  Ik 
adidcB  of  eyauogcn  may  be  obtained ;  they  form  wcll-defitiwi  com 
']WumU,  which  do  not  exhibit  any  tpcninl  tendency  to  uoite  wit 
other  elements.  lu  other  cases,  however,  it  is  importstut  to  obserf 
that  iniiny  of  the  compounds  to  which  cj-aiiogen  gives  rise  ai 
themselves  endowed  with  the  property  of  uuiting  again,  as  thoug 
they  were  simple  bodies,  with  other  clement*.  With  Milphur,  Ca 
example,  eyaiiogeo  forms  a  bisulphide  (NC,S,),  which,  in  combiai 
tioti  with  the  mctnl»,  performs  the  part  of  u  compound  radidl 
usually  termed  tulphocyanogen  (Soy),  and  which  ])roduec8  a  scrie 
of  salt*,  tcrractl  sulphocyanidc«,  many  of  which  may  be  erystalliwd 
of  this  the  sulphocyanide  of  potassium,  KjNC^^Sj  or  K,Scy,  fi 
nishes  an  instance  [1359).  Similar  compound  radicles  are  fumisi 
alwi  by  the  union  of  cyanogen  with  many  of  the  metals  themselves 
in  this  way  iron  in  the /wroey a ni (/<•*,  and  cobalt  and  cbromium  n 
the  cobalticyanideit  and  chromiciftmides,  form  eacli  a  compoun 
group,  or  salt.radicle,  iihich,  when  it  unites  in  its  turn  with  otb 
luetds,  performs  the  functions  of  a  wimple  IkhIj-,  such  as  cldoria 
or  iodine :  an  example  of  this  Is  seen  in  tho  well-known  prusaiat 
of  jjolash,  or  us  it  is  usually  termed,  ferrocyanide  of  potuKstun 
{KjjFeCvj),  in  which  the  compound  of  iron  Hud  cyanogen,  PeQ, 
is  considLTC'd  ua  a  compound  radicle  known  wsferroqfanoffen,  (Fey 


279 


tNCUA,!.     RCUIKKS  ON   TIIC  DlHCRIMIVATIO.V  OF  THE 
GxStS  VKOit  EACH  oTuex. 

llnvitif;  now  described  all  tlie  gaseous  compounds  nliicli 
cDUMtlerultli;  inijturUnce,  uith  lIic  cxcvptioii  uftwo — vis., 
XcA  Ityilrugea  and  antimoaiiiretted  bydrogou,  it  will  be 
NJUK  to  Uiko  a  briiif  review  of  tlicir  grucrol  characters 
uiug   to  the  ooDsideratiou  of  the  inctala  and  their  coni- 


fe 


about  50  bodica  irhich  are  permat'iciitlj'  gaMKius  at 
temperature  of  the  atmosphere.  Scleral  oftlietio  com* 
re  met  with  iii  the  uiteonihiiied  form  in  the  atmo!t|ihcrc, 
iibrmly,  or  uodcr  j»rticular  cireumstanccs  not  of  ua&e> 
urrvnc« :  these  piaes  are  oiygeii,  nitrogen,  carbonic  acid, 
IS  a^^id,  h;rdrmulphuric  acid,  ammonia,  and  oocasionalljr 
BKiiic  and  light  carhiirctted  hydrogen.  GencraUy  «p«ik- 
iflercnl  (Coecs,  when  pure,  arc  readily  distinguished  from 
by  Mime  well-marked  jihytticai  or  chcniicnl  jiroperty. 
^Kav»  which  are  coloured  arc  at  once  indicated  by  tbc 
jr  of  their  tint,  eoiyoinwl  itith  their  cliaraeterislie  odour : 
tftjuier  peroxide  of  nitrogen,  chlorine,  hypoelilorons  acid, 
acit),  peroxide  of  chlorine,  a»d  bromine  ra|)oiir  are  at  once 
Id. 

f  gasea  have  a  peculiar  and  ch»ractt-ri*lic  odour.  Some 
t  itnportaut,  however,  including  oxygen,  nilrogca,  bydro- 
bouic  acid,  cirl»iiic  oxide,  light  carburcttcd  hydrogen, 
.,  and  protoxide  of  nilroj^en  poiseaa  little  or  do  odour, 
Bmt    utlicr  means    for   di«crimiiialiiig   tbvm    from  eaeli 

In  order  to  aid  the  ojierator  in  dislingtiixhing  the  <lif- 
frtdu  each  other,  Thi^uard  divided  them  into  four  gronpB, 
Ifeoieiit  being  dependent  upon  the  action  of  a  Hulutiou  of 
wo  tliem,  conjoined  with  the  occurrence  or  the  absence  of 
10  oil  the  uppticatlon  of  a  lighted  mutch  to  the  gait.  The 
potash  i*  ascertained  by  admitting  a  few  dro|)«  of  a  sola- 
>b  into  a  test  tul)c  filled  with  the  ga«,  and  vt^nding 
ntry  ;  ou  agitating  the  contentii  of  the  tube,  it  is  imme* 
Nriooa   wliether  any  ubwrption  occurs.     The  application 

I  trttyl,  with  (heir  hjdriilo*.  ■■  welt  a*  trilylenp.  art 

vHil  i;u.  Imt  ll»-y  will  not  horo  Iw  Rpcrially  notinud. 

:irtf!ii3  oaiuiot  M  liinliDguittlied  froin  cacti  other  cicejit  by 
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of  a  lighted  match  to  nnothcr  gmall  tube  filW  nritb  tlie  { 
whctlicr  it  be  iDllaminable,  or  wbetlier  it  utinguislics  or  i 
combiistion. 

The  foar  groups  of  ga»«t  wliiclt  arc  formed  by  the  i 
of  thcM  testa  are  the  folloiring : — 

t .  Ob^ch)  which  arc  uboofbablc  hy  potash,  but  wl 
iollaniinablo. 

2.  Omcs  abmrtMiblu  by  potasli,  but  which  arc  inl 

3.  Gases  not  absorbable  by  potash,  and  not  inllamo 

4.  Oases  DOt  abMirbablc  by  {luluib,  which  arc  ii 
We  proceed  to  point  oat  brieily  the  obancters  of 

nents  of  each  group. 

(419)   t.  GaMs  which  are  ahaorbable  by  Potash, 
flammable;  these  arc  15  iu  number; — vit. 


1. 

Ilydrochlonc  ncid 

9- 

Nitrous  acid 

a. 

llydrobromic  acid 

10. 

Peroxide  of  eh 

3- 

llydhodic  ncid 

11. 

Chlorous  acid 

4- 

Fluoride  of  silicoa 

IX. 

Ilypochlorous 

5- 

IHuoride  of  boron 

»3- 

Chlorine 

6. 

('blonde  of  boron 

14. 

Carbonic  acid 

7- 

Clilorocarbouic  leid 

'5- 

Chloriile  of  cyi 

8. 

Sulphurous  acid 

Of  the«c  gaitcs  each  of  the  first  ctcrcn  reddens  lit 
when  moistened  and  plunged   into  it.      Hypodilorous 
clilorioc  destroy  its  colour,  and  blench  it  entirely. 
i.4  nearly  without  action,  and  cliloride  of  cyiinogen 
eOcct  upon  its  colour.     The  Rrst  six  gases  I'umc  st 
mixed  witli  the  air,  owing  to  tlicir  action  on  tbc  mc 
contains ;  the  solutions  in  water  of  hydrochloric,  hyilroti 
liydritxlic  acids  arc  immediately  distinguUhcil  by  the 
for  them.     Each  gas  also  presents  certain  peculiahtic 
small  quantity  of  chlorine  produces  no  change  in  the  b} 
gas;  3.  In   hydrobromic  gas  it   occasions  tbc  separmttfi 
fumcH  of  bromine ;  and  3.  lo  Uie  hydriodic  gas  rioletj 
iodine  appear.     4.  Fluoride  of  silicon  is  recogniard  by 
noun  deposit  of  oilica  whicli  water  produces  when  ibc  1 
solrcd  in  this  liquid.     5,  The  fluoride  of  Imron  prodt 
tiuoua  prpcipitittc  in  a  mlution  of  pohuh,  but  nut  in 
fS.  Chloride  of  boron  is  decum[K)acd  by  water  into  hydr 
boracic  acids,   which   may   be  n>00(>iii>cd  in  tho  pototi 
appmprialc  teslii.     7.  Clilontcsrbouic  ai-u'  '1--  - 
odour,  and  is  dccom|>o»«l  by  water  into  '  1( 


iciiiuixation  or  txim  oases. 


SSI 


-s  Dciil  is  immctlialelj  recogniied  by  Itie  .lufTo- 
^_  il[i(iiir  mnU'Ii  :  it  i^«  nl>*orbnl  by   the  |)croxidc 

lad  a  whito  sa]|)b«to  of  \ead  is  formed.  9.  Nitrous  ftcid 
bitljr  cluirtirtnrlitHl  by  iu  colwir  aud  pccaliar  odour ;  aod, 
Iuim:  nwy  be  remarked  of  peroxide  of  cUloriiie.  1 1 .  Chlo- 
I  bw  a  grenwr  tingo  tlkan  the  peroxide  of  chlorine,  and  it 
bhght  yelkw  solutioo  «ben  dissolTcd  in  watcir.  13.  Hy> 
ha  Kcid  tuu  ti>c  odour  of  the  bleaching  compoimds  of 
with  the  dkalie*  aud  earths,  aitd  it  rapidly  destroys  rage- 
imn :  ibne  tiirra  ostdit*  of  cblurinc  detonate  by  the  ap{)lv> 

a  tcmiiorature  boluw  that  of  boiling  iratcr.  13.  Chlorine 
uiftbod  by  it«  green  colour  aud  renuirkablc  odour,  by  iti 
I  action  on  vegetable  colours,  and  by  its  ajkariog  solubility 

which   take*  up  about   twice  it»   bulk  of  the  ga*.      14. 

MCtd  estin{;uif>hcs  flame,  readers  lime-water  turbid,  and  is 
t  about  itn  own  bulk  of  water.  15.  Chloride  of  cruiogen 
iscil  by  its  puugent  odour,  and  its  peculiar  irritating  eObct 

["»• 

j  3,   Ga»tr  ahaorbahie  by  Polatft  and  inflammable  ;  these 

[|  in  number: — viz., 


^hurctte<l  Uydrogeo 
^nrctted  hydrogen 


3.  Tellurt'ttcd  hydrogen 

4.  Cyanogen, 

I  gaMa  iiTti  i!«cognt(*ed  with  great  facility.    1.  Sulphuretted 

haa  a  peculiar  odour  of  putrid  eggs ;  it  bums  with  a  blue 

fa  nttoided  with  u  de|>onit  of  sulphur:  it  Uacketu  paper 

a  solution  of  acetate  of  lead,  and  is  decomposed  by  moist 

With  separation  of  sulphur  ;   water  diMolws  about  twice 

if  tbe  ga*.     2.  Sclcniurettcd  hydrogen  has  au  odour  analo- 

liat  of  the  pTCccdiug  gas;  it»  nqucous  solution  gnuluollj 

idenitim  id  the  form  of  a  red  amorphous  precipitate :  it 

pm  aaltjt  (if  xiue  of  a  fleitb-red  colour.    3.  Telhirette^l  hydro* 

10  deootnpiMed  by  chlorine,  tellurium  bciug  set  &ee,  and 

aa  a  brown  powder.     4.  Cyanogen  bums  with  a  rtne* 

rple  tUnie ;  it  has  a  penetrating  characteristic  odour,     li 

tfa  an  L-xjual  I'olumc  of  oxygen,  and  a  red-hot   platinum 

iupeodcil  in  the  mixture,  red  nitroua  fumes  are  produced 

of  the  nitrogen  contJtincd  in  tlic  gaa. 

;    '     ■<ra  not  abtorboble  by  PotatA,  and  not  infianunabte ; 

there  are  (bur — vii., 

3.  Nitrogen 

4.  Ueutoiide  of  nitrogen. 


n  i>  at  once  distiiiguithcd  trom  all  other  gases  tiy  lU 
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of  a  lighted  match  to  another  sm::V     ^^witB  power  of  pnk 

whether  it  be  inflammable,  or  »!..    _<_*c  iitrogen,  and  by  id 

combustion.  ^-^^     It  is  absorbed  hj 

The  four  groups  of  ganeR  "  '  -  ,^  •idHxide  of  copper  in  am 

of  these  tests  are  the  follow;         ^~*b  blue  ;  and  by  a  solid 

).  Gases  which  arc  -'        _^,iae  becoming  of  an  intenie 

inflammable.  __  !■-  of  the   alkaline  metal 

X.  Gases  absorbn'ii  fyexsiB  of  nitrogen,  though 

3.  Gases  not  rIo  ..  ...amieA  when  agitated  with 

4.  Gases  not  n'         ^__^.,aM:'}f  burning  bodies  ;  it  isia 
We  proceed  to  r-  '■  --  ime-water  turbid,     4,  Den 

nents  of  each  groi"      "         n^jir— '  by  the  red  fumes  which 

(419)  1.  Gase^      ~     , J.  jt-  ^  &ee  oxygen ;  it  is  imme 

fiammable  i  the-;'  ^_  ■  nmMalphate  of  iron,  giving  the 

„' ,    ,    '""  ^    jM  tiifffr  by  Potash,  which  are  i 

9.  Hydp.'  -*■    •  '     .         ' 

3.  Hy.li         ^-*-=-»  "  *  "™       ■~^'^*' 


4.  Fli!<  ■ 


5.  Phosphuretted  hydro 

6.  Arseniuretted  hydrog 

7.  Carbonic  oxide. 


~, »«««»,  if  pure ;  it  bums  with  a  feeblj 

"  ~      -^\t«  »iih  half  its  volume  of  oxygen  pr 

w'  "'         ^  ^^jBsa^siou  of  an  electric  spark,  or  by  the 

'■'  ^.^jg,    na:iuum.     a.  Light  carburetted  hy^ 

t  ■'  .,c«.sii  4»ine;  it  is  not  acted  upon  if  mise 

'  **<   *■'*'  s-""!*^'"^^  f"""  light,  and  is  not  dL 

T-j-*  •■■*^-     3-  t^'cfiant  gas,  when   mixed  n 

-   ■^  ~"     .fl, -^Btf.  oren  in  the  dark  becomes  condei 

^,^,,  s  :n»ohible  iu  water;  it  is  also  absor 

i.'.v»f».  »'"'  ^7  *'*''  Nordhauaen  sulphurii 

^   "         ^-liriw:  *uioky  flame.     4.  Oil  gas  is  solubli 

*  "    '        -  Bir-j^'- :  i*  bums  with  a  brilliant  smoky 

■  ~"   "     ^-  ^ae*  arc  mixed  together,  there  is  consii 

.-  •-.■*rji  the  existence   of  each  in  such  a  ni 

^  '      t,  ^i&vUy  occurs  when  methyl,  ethyl,  trityl,c 

"  ■ -■"       j_^y._     ;.  Phosphuretted  hydrogen  is  distini 

'-' '"''  *    .  Jm^-^ou*  odour  :  it  bums  with  a  lumiuoos 

"*^  -THMCtf  pf  phosplioric  acid ;  soiutiona  of  th 

"    "ter-  »>i  VKCff^TS  di^olve  it  and  form  brown  f 

-  -■■'«<**      nJanHf*^  hydrogen  is  decomposed  if  passed  fl 

■**^  \_  taUB*  ttf^y  to  redoeaa,  a  ring  of  mBtdlig  | 
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viWh   s  ]>ccu1iar   wliititli  flame,   and 

lit;  arseiito  on  cold  boilim  introduced 

trvini'];  poiAoaous,  and  bos  a  peculiar 

ili>tiiigui»lied  from  antimoniuretted 

■'-rilK'd  hcrcaRcr  (709).      7.  Carbonic 

|b  lilue  HsRie,  producing  carbonic  acid  :  it  is 

Ik  diawtlvcd  by  a  solutioo  of  subchloridc  of 

loric  acid. 

al  Prindpin  of  tic  Analyaia  qf  a  Mixlurr  of  Gates. 

r  <if  (^asea  a  qualitatirc  examination  miut  be  made 

■y  alep  in  order  to  aeccrtaia  wliut  gases  arc  present. 

neodlesB  to  search  for  those  which   mutually  coii- 

(WM  each  other.  TIius  ammonia  would  not  be-  found 

icit  contained  hydrochlorte,  hjdriodie,  hydrobromic, 

oltrotu  acid  gase#.     Oxygen  would  not  occur  in  a 

icli  binoxide  of  nitrogen  was  present.    Neither  could 

or    its  oxide*  co-cxiflt   with   hydriodic   or   hydro- 

or   with    oletiaut    gaa,   or    with  the  compounds   of 

Kulphur,  selenium,  tc-llurium,  phosphorus,  or  arsenic : 
oxides  are  equally  incompatible  with  ammonia, 
tc  analyvts  of  a  mixture  of  different  gases  ia  one  of 
Iviicate  and  diSicult  braiichen  of  chemical  analysis,  and 
itciided  on  the  present  occasion  to  attempt  to  give  more 
ea  of  the  pniM:i])le!i  on  which  i'lieh  !in  operation  is  coa- 
h^f  the  appwrstUB  by  which  it  is  effected, 
^^btmtiou  of  the  mi^thod  of  prooi^cding  we  may  take  a 
[nmt  oL-ciurenec  ;  rix.,  the  dclcrmiuation  of  the  compo. 
•ample  of  coal  gas.  In  tlii^  gait,  the  in);redienta  which 
DMut  are  aumGrous.  These  arc — t,  hydrogen  ;  2,  ole- 
uul  other  heavy  hydrucarljons ;  -},  li^ht  carliurclted 
carbonic  oxide ;  5,  carbonic  acid ;  6,  sulphuretted 
monia ;  8,  oxygen,  and  9,  nitrogen,  the  last  two 
atmosphere. 

examination  in  made  thus  ; — the  proportion  of  am> 
erf'  sulphuretted  hydrogen  is  usually  very  minute,  and  in 
guea  must  be  sought  for  by  placing  the  tot-t  for 
fer  Minfl  time  in  a  current  of  the  eoal  gas.     In 
unmonia,  a  piece  of  moistened  litmus  paper,  feebly 
d  fur  a  minute  in  a  jet  of  the  isRuing  gas :  if  the 
tcstond,  ammonia  is  prcsuut.     Paper  soaked  in  a 
of  lead  may  be  nubjeoted  to  a  similar  trial : 
linrcttcd  hydrogen  is  present.     The  presence 
luluiilting  a  bubble  of  lite  deutuiide 
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nitrogen  into  a  tube  filled  with  the  gas  under  trial,  and  \ 
thmugh  tiidtubuuliliqticly  u|)Uii « »lii«t  of  wliite  jmper;  very 
traces  of  oxygen  may  thua  be  detected  by  tbc  red  tinge  produced 
owing  to  tlio  formation  of  peroxide  of  nitrogen.  Carbouic  acti 
may  be  detected  by  the  turbidity  which  it  produces  in  limc-wiUcf 
or  in  n  volutTOu  of  tubaectate  of  lead,  if  thrown  np  into  tlte  ga^ 
whilst  standing  iu  a  tube  over  mercury.  The  eidstcDCO  of 
othi.T  gasfs  may  be  osj^umL-d,  for  thiy  arc  ccrtwn  to  be  {>reBeii^ 
iu  greater  or  lesa  quantity.  Tbe  solphuretted  hydrogeii  an 
ammonia  arc  too  small  iu  amount  to  be  quantitatively  determined 
but  8up[)oaiiig  tliat  o.tygeu  and  carbouic  add  are  found  to  be  |ire- 
Kt^iiL,  the  proportion  of  seven  different  ga«e»  will  remain  to  be 
certained.  The  fallowing  method  may  be  adopted  for  tbcir  qiUHi 
titativc  dctcrmiuntioD : — 

I.  Carbonic  Acid. — A  volume  of  the  ga»  is  confined  over  men 
cury,  and  its  bulk  ts  measured,  with  due  attention  to  tcmpcratun 
atid  preHKUrc.  A  piece  of  caustii^  poLiisb  which  liaet  been  melte 
upon  the  end  of  a  long  platinum  wire,  to  senc  as  a  handle,  a  m< 
trodticcd  from  hchtw,  through  the  mercury*  into  tlte  tube.  Afta 
two  or  three  hours  the  potaah  is  withdrawn ;  the  amount  of  the  abi 
sorptioTi  imlieatis  the  proportion  of  curlwnic  ncid  which  wa*  present 

3.  Olejiant  Gat  and  Heavy  tfydrocarbons. — These   gases 
ab!iurlx:d  by  introducing  another  ball,  con«sling  of  poroiu* 
moistened  with  fuming  sulphuric  acid.-    It  ia  necessary,  howetcf, 
before  reading  off  tbe  volume  of  tlic  gas,  to  iittrwluce   a  IwU 
potash  a  Heeond  time,  in  order  to  withdraw  the  r^iour  of  nnhtd 
Bulphiuic  acid,  which  possesses  suBicicnt  volatility  to  introdnce 
Reriou»  error  by  dilating  the  bulk  of  the  gaa  iinle»a  il  l)c  complete 
removed.     The  total  amount  of  absorption  will  indicate  the  p» 
portion  of  oletiant  gas,  together  with  the  vapoum  of  oondcnsUil 
hydrocarbons. 

^.   Oxyffert. — Tliis  gas  is  determined  in  a  similar  manner, 
employing  a  ball  of  moist  phospliorus,  which  must  be  left  in 
gas  for  twenty-  four  hours ;   the  £rcsh  diminution  in  bulk,  shows  til 
proportioit  of  oxygen.* 


*  A  hall  of  colie  moiatfiwd  with  a  concwntrateJ  eoluttoD  of  poc.iiA  ui 
pjFTojtailio  aritf  raay  be  employed  for  tUo  Mine  piupoM :  the  absorpu^ui 
tbii  case  ia  munli  more  rnpu). 

Xbv  une  of  jivltcU  of  ap[inipriat«  matrriat*  may  b«  «xt«iKlMl  to  othar  ciMS 
for  exampie, 

S<UpAitr«M  aeid  may  bo  sbiorb«il  by  twing  8  ball  of  roinili-acd  peroxid* 
aunnnuete,  or  of  peroxide  of  IvaJ  \  aait  hgdrvektorie  «eiJ  a  rnpiiUf  abMibi 
kjr  a  ImU  eoamtiag  of  ury«tul\iii:d  tViodAjw  -i^ofiv^Mi  <!A  v*^ 
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-Tire  nccu- 
nio  ox'ule  ^io.  2P*- 

■,  M  twt  nuiljr 
Ftrik;  be  divided 
a,  noe  of  which 
ily  RietiKtirt-d  as  it 
rrciirj',  iu  tlte  jar, 
,  Miwll  <]tiiincity  of 
eubdiloride  of 
ftltxfcliloric  acid  is 
means  of  Uie 
ad  the-  mixture  is 
1 ;  tire  gafl  in  theu 
means  of  the 
bnwii  in  fig.  261, 
i  traiififcrrcd  Uy  its 
I  seoond  graditated 
^■uidiug  OTCT  mor- 
Bia  tube  a  hall  of 
^Kb  end  of  a  platinum  wire  b  iBtroduoed,  for  the 
^a))»orbiii)5  the  TBi>oiirH  of  hydrochloric  acid  with 
Bi  is  saturated;  its  bulk  ma;  then  he  read  off,  and 
^B  oarbonH!  oxide  may  be  knotrn  b;  the  loss  in  hulk 
M  cxpcricnenl.* 

J.  i\ilr(igen,  Ctirhttretlril  H^drogeUt  and  Htjdrogen. — 
uoation  of  tlic  carbonic  osido,  however,  may  be  effected 
tbo  corburetlcd  hydro^n  and  hj^drogcn  without  hitring 
ption.  Let  a  portiou  of  the  gas  in  which  the 
is  still  present  be  now  tmntferred  to  a  Hiphoii 
J.  357),  and  let  iu  bulk,  V,  he  accurately  measured  ; 
^ut  tnici:  itN  volume  of  osygi^i,  and  mexitire  the  gns 
ttme  :  let  this  bulk  he  V, ;  V,— V  will  give  the  volume 

Kb  has  been  addwl.     T.ct  V.  lie  the  hulk  of  the  gita 
re  has  been   exploded  by  tho  traiismissioa  of  the 
V,— V,  indicates  the  diminution  in  bulk  which  it 
;  call  ihtit  a.     Then  inject  a  small  quantity  of  a 
llotiou  of  pot&sh,  and  oguin  nuic  the  volume,  V,.    Tlie 


baarptkin  of  gues  b;  liquid  rMCMto  is  miK'li  nraro  rapiil  Uian 
■ri  li-iT'iii  sri'FniiitovMl  iiMlpro¥idi>d  ttnUonlj-TrrTimnil  to]u»c« 
■.  wynimte.     Thin,  carbonip  aoid  ln«y 
I  solution  of  Miistie  polssli.  one  or  Iwo 
iBiarc  1  uiid  uxyjccu  iMT  be  wiUtdra*  a  uy  a  ooDevnlnUd 
^Mid  uul  cnuniic  immui. 
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absorption,  Vj-Vj,  will  be  due  to  the  quantity  of  carbol 
vrhicb  liaa  been  fonn«(l :  coll  this  t,  T)ic  remaiiiiiig  gas,  1 
Bista  of  oxjgvti  in  csocm,  and  nitrogen.  The  quantity  ofj 
in  exccea  ia  aAoertaiiied  by  mixing  llie  residual  gsa  witll 
tirice  ita  bulk  of  bydrogcn,  and  causing  tlic  electric  spark. 4 
a  Hccond  time.  Let  the  volume  of  tlie  mixture  before  n 
V^,  and  let  V,  be  the  bulk  after  firing  :  V,— V^  will  id 
the  amount  of  coudenaatiou  ;  and  one-third  of  tbi«,  or^ 
be  due  to  the  exeess  of  oxygen.  On  dedueting  tbi*  fl 
rewltic,  Vg,  the  diflen>Qcc  gives  the  volume  of  nitrafl 
Vg— It:^tt  =  «.  The  dilTerenee  lietween  tlie  amoiiut  of  tfafrl 
tbua  found  to  be  in  cxceMi  and  that  originally  introdiuwdJ 
course  rcprcHCDt  the  quantity  of  oxygen  consowed :  call  I 
tliua  V,-V-i^  =c. 

We  have  now  all  the  data  for  calculating  the  pniporn 
carbnretted  hydrogen,  of  Itydrogeu,  and  of  carbonic  oxidu 
ue  prewnt  in  the  mixture.  jj 

Let  r  represent  the  quantity  of  light  carburctted  byl 
this  gas  requires  tniee  ita  own  volume  of  oxygen  for  comijn 
bUstioD,  and  fumi«hcs  its  own  volume  of  c»rbonic  acid, 
requires  for  its  formation  an  equal  volume  of  oxygen,  or  b 
amount  consumed  ;  whilst  ttie  other  half  of  the  oxygen  is  n 
by  the  bydrogen  which  is  coudcused  in  (be  form  of  vstCI 
will  consequently  represent  the  dimiuution  in  bulk  of  c 
which  occurs  on  detonation,  duo  to  the  amount  of  outN 
bydrogen  wbich  is  present  {401).  J 

Again,  when  hydrogen  is  converted  into  water,  it  ra|W 
its  bulk  of  oxygen,  and  both  arc  oondeu^cd  rutircly.  If  ■ 
sent  tlic  bulk  of  the  tiydrogen,^^  will  be  the  diminutiaal 
of  the  mixed  gases  on  detonation  wliicb  is  oocuioncd  by  tbn 
gen  in  the  mixture.  ■ 

Let  ;  represent  the  volume  of  carbonic  oxido  presmt ;  I 
oxide  for  itn  conversion  into  carbonic  sold  requirm  bolf  ita 
oxygen,  the  carbonic  acid  produced  occupying  the  asnel 
tbe  carbonic  oxide.  ~  will  tbcrefore  iudicxte  the  ooofl 
wbicb  occurs  on  firing  Uie  mixture,  owing  to  tlie  crboJ 
present.  I 

The  total  condenutwa  in  bulk,  a,  which  occur*  ou 
mtxtnra  of  light  cartmrettcd  hydrogen,  bydrugan,  ftnd  I 
oxide  will  oonseqnently  sdmit  of  bting  thus  rrpresMted  • — I 


(» 


39  .  « 


a  s  a«  +■  ^^  1 


r 
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qoantity  of  the  cartioiiic  ntrlil,  b,  formeil  by  tlie  deto- 
compoftMl  of  A  volume  of  carUinic  acid  cqtul  in  balk  to 
corhti  ratted  b^drugon,  uid  «  volume  cciual  to  that  of  Ibe 
nde,  BO  tliat  tbe  total  quautit;  of carbouic kcuI  maybe 
»U)d: — 

(2)  4  =  *  +  ». 

',  the  ozfgCD  coasumiM],  e,  will  be  composed  of  the  fol- 
uititics  ;  by  light  carbti  retted  hydrogen,  tirii.-v  iti  bulk, 
lyilrogeti,  tiaif  its  bulk,  J  ;  aiid  by  carbonic  oxide  half  ita 
ir  the  total    quantity  of  oxygen  oouaumed  irill  be  the 


(3) 


y     a 

2      3 


these  three  equations  the  values  of  x,  y, ,;,  are  deter- 


g  = 
V  = 


3 
a-e; 

a+4b 


la  ilin.'ctlotu  for  tlic  analy&U  of  irarious  gaaeous  mixtures 
liy  Rcgtiaulc,  in  tlie  fourtli  volume  of  his  Court  Eli- 
lie  CMimie,  which  eonlains  a  description  of  a  form  of 
well  adapted  for  accurntc  cxix^riinetits :  this  eudiometer 
■drantai^iuly  modified  by  Fmnkland  aud  Ward  (Q.  J. 
tr.,  *i.  197].  Bunsen  haM  aim  introduced  v(;rj  importnnt 
lenta  in  tlic  manipulntion  and  apparatus  required  for  the 
f  g»*t»,  wliidi  arc  fully  detailccl  in  lii»  Gatomelry,  trans- 
Uwcoe  (iff  also  the  article  on  Endiometry,  in  Ijiobig  and 
riTs  Hat*du?Merliuch  dir  Vhcmif,  vol.  ii.) ;  ami  ibc  modcat 
dl&tiou  bare  been  still  further  simpUlicd  by  Williamson 
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§  I.  Genkhai,  FnoFBiiTies  up  yiik  ifiTAU. 

(434)  General  Charactert  of  the  Melals. — TnK  ukta 
class,  arc  characterized  by  a  pocutiar  liutrc  temird  the : 
)u»tro.     Tbey  are  possessed  of  a  hif  h  degree  of  ojiocily,  1 
good  conductors  both  of  beat  and  electricity.     Soinc  of 
oUo  endowed  with  the  pro|)crties  of  ductility,  or  litiiesa  fbr( 
into  wire,  aud  of  malleabihty,  or  extensibility  under  the 
MoAt  of  them  have  a  high  specilic  gravity.     When  sc[ 
tJicir  compounds  by  electrolytic  action,  tlicy  appear  at 
node,  or  ucgatire  wire  of  the  Toltaic  battery. 

These  properties  are  not  devclupcil  equally  in  all  the  1 
some  metaU  one  or  more  of  them  may  be  wantin;;  alt 
there  are  other  subrtaiiccs,  not  oictallic  in  their  nature,  11 
aome  of  these  characters  are  strongly  displayed. 

(415)  Lustre,  Opacity,  and  Colour. — Although,  when ; 
all  metjila  present  the  lustre  termed  motsJlic,  yet  raoit  1 
may  be  obtained  by  minute  siit>divisiun  in  n  form  deioid  1 
Irou,  copper,  platinum,  gold,  silver,  and  crcn  ntercnry  may  I 
readily  procured  by  proccucs  to  be  meiitioued  hereaA«r. 
If,  however,  these  metallic  powders   be  sahjccted  to 
under  the  burnisher,  a  sufBcicnt  approxiaiatioii  of  thrir 
ia  pnxlucnt  to  render  them  capable  uf  reflecting  light, 
metallic  lustre  re.appcars.     This  property  admit*  of 
in  the  fine  arts :  for  instance,  it   is  possible  to  mi 
medals  or  ancient  coins,  by  employing  finely-divided  cupytrJ 
is  introduced  with   the  meilal  into  a  mould :  by  auhmittil 
pressure,  an  exact  copy  of  the  medal,  with  a  beautifully 
surface,  is  obtained  :   tlie  copy  ia  then  stronffly  heated, 

token  to  exclude  ntmoftplieric  air:  dn '    >S 

shrinks  a  bule  in  alJ  dircctious,  but  »  <io  t* 

is  extremely  distinct,  though  reversed,  aud  a  little  staaller  I 

original. 

Bodies  which  arc  not  matalUe  oocasioDally  asrame  1 
aurftcc  like  the  metala.    Iodine,  which  io  all  it«  chri 
is  directly  opposed  to  tltv  metals,  .<  >  ^troo; ! 
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Uune  thing  is  observable  in  «  form  of  cliitrcotil,  termed  hy  the  work- 
fnen  kish,  vhicb  escape  from  the  veut-hulce  of  the  moulds  during 

Dm:  proocu  of  casting  iron.     A  nutiw  form  of  curbon,  gniphitc 

or  plumba^,  bas  received  its  popular  uanic  of  black-lead  from  its 

Eictallic  nppcarancc. 

MclaJs  are  among  the  most  opaque  bodies  with  nliich  wo  are 
I  Kqaatntiid ;  but  thvir  opacity  is  not  perfect.  WKl-ii  reduced 
F  ta  exceedingly  fine  leaver,  a  portion  of  ligltt  ts  tratiamitted ;  thus 

pore  gold,  of  not  more  than  fjrfl.Sni-ff  ""=!»  thick,  allows  a  green 
^bt  tn  pa.<M. 

K  The  colour  of  tbc  reflected  light  varies  with  the  nature  of  the 
MMtoL  In  moHt  cases  it  is  nearly  white,  with  a  Hhndc  jieruliar  to 
Itacb  metal:  the  lints  of  silver,  platinum,  tin,  cadmium,  and  palla- 
I  6am,  »ro  newly  alike ;  other  meluN,  Huch  m  lead  and  xinc,  Im^'e  a 

blutsb  colonr ;  others,  like  iron  and  arseuie,  have  a  (greyish  hue  ; 

(Hlchun  Vid  barium  are  pale  yellow;  gold  i*  a  full  yolKiw;  aud 
I  mpper  is  of  a  red  colour.  By  repeated  reflections  from  the  same 
^hrtal  a  dintinct  colour  in  oft^n  rendered  obviouN,  thongli  it  in  not 
PCen  apoD  kx^iog  at  the  polished  surface.  A  red  tint  may  thus  be 
'^Inade  cridcnt  in  silver,  and  a  violet  tinge  in  steel. 

Some  of  the  metals  possess  a  characteristic  odour :  iron,  tin, 

lad  copper  emit,  on  friction,  a  Kmell  pL-culiar  to  themselves,  and 

■ncnic,  when  volatibaed,  evolves  a  powerful' odour  of  garlic.    The 

iMrte  of  most  of  tlie  soluble  conipuimdx  of  the  mctaJs  is  astringent 
I  ■acrid,  and  of  the  peculiar  kind  termed  metallio. 
\        [4^)  Hardwsf,  BrUUvnei»,  and  Tenacity. — Orcnt  differences 

tor  oI»scr\ah!e  between  the  hardufsa  of  the  different  nietaU ;  steel 

May  lie  rcndertd  hanl  rnongh  to  snrHtch  g1a«fi,  while  Ic-id  will  lake 
I  inprcanons  from  the  finger-nail,  and  [wtas&ium  may  be  spread 

like  batter.  J^Inny  of  the  hurtlcr  mctids  arc  very  clastic  and 
I  louorons  when  struck;  but  these  properties  are  more  strikiugly 
I  fiajJayed  in  some  of  the  alloys,  or  compounds  of  the  metals  with 
liadi  titbi-r,  OM  ID  the  alloy  of  tin  and  nopper  used  for  bells,  and  in 
fcthe  eombiuation  of  caHion  with  iron,  well  known  as  steel,  which, 
Wm  its  high  elasticity,  is  pre-eminently  qualified  for  the  cou»truc- 
Hha  of  the  springs  nscd  in  machinery. 

^H  Closely  coiiuceted  with  the  hardness  are  the  brUtknfsx  and  the 
^■un/jr  of  metals,  which  arc  very  variable.  Some,  like  antimony, 
^Hpaic,  and  biitmuth,  may  be  pulverised  without  diftieulty  iu  a 
^Hhrtw,  while  others,  as  iron,  gold,  silver,  and  copper,  require  great 

jf  trw  to  effect  their  disintegration.     The  hrittleness  of  some  of  the 
^AMib is  materially  aSecteil  by  temprratare.    Zinc,  willii\i  'Cox.  ot^v- 
Tjfcy  wltmo^cric  nuge^  is  ao  brittle  that  it  ciuiuot  l>e  >io,i\t  at  a. 
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sliarp  sngle  without  diinger  of  dMtroying  its  colioioo, 
hcitU^  to  l)Ctw(M?ii  300°  aud  300*^,  it  muy  be  wrought  villi 
Bnee,au  alloy  of  copper  aud  zioc,  ou  tlic  contrnry,  bccumtsl 
At  tvmpcniture.'i  apiirondiliig  to  rediieaa,  but  vrhile  cold  it 
considerable  timllcnbility. 

Taking  the  tenacity  of  lead  =  1,  tlie  tenacity  of  tlie 
ineUlB,  after  antivaltng,  will  be  rcpnaented  according  to  We 
expcritneiits  aa  follows : — 


Lrad  .  . 
Cadmium . 
Tin  .  . 
Gold  .  . 
Zinc    .     . 


I 

Silrer.     . 

l'3 

Platinum  . 

•           ■          * 

•M 

Palladium 

m                 w                W 

.5-6 

Copjter 

•                 •                • 

8 

Iron    .     . 

•                 •                 » 

The  tenacity  of  tlic  mtrtnU  lias  been  measured  by  fiiiii 
in  a  rice  one  end  of  a  bar  or  wire  of  tlic  metal,  llic 
which  IB  to  be  aKccrtiuiicd,  and  attaching  to  the  otlier  cud  I 
vMiirnt  HUpjiort  for  neightji  which  are  cautiomly  inc 
the  wire  brmliB.     By  oompariug  together  the  weighta 
determine  the  rupture  of  tha  different  metal*  for  barv  of  1 
section,  a  comparative  tabic  of  tenacity  may  be  formed. 
cireumBtances  mitKrrinlly  inllunin-  thv  »trcii^b  of  the  atmei 
Huch  aa  its  purity,  the  mode   in  which  the  bar  has  been 
(whether  by  ca.itin;,  by  forging,  or  by  wiri'-drBwing\ 
pcraturo  at  which  the  compari^ous  are   made,  tlte  applir 
omiMion  of  the  procesai  of  annealing,  and  the  manner  in 
tension   has  been  exerted,  vhelhcr  grnilunlly  or  auddntlyJ 
fcmit  ob«crver»,  in  ooum^ucucc  of  operating  diffcrmlly; 
one  or  other  of  these  respects,  have  obtained   result*  «U^ 
from  each   other  conviili'mbly.      The  nceosity  of  att 
tlieae  points  will  be  eridcnt  on  examininj;  the  rcMilt* 
Wcrthcim   {Ann.  de  Chtmie,  11 L  xxii.  p.  440),  wlm  hi* 
elaborate  series  of  CKpcriiornls  upon   the   teuarity   of 
metals,  the  most  important  of  which  arc  cmWIicd  in 
itig  table.     The  numbers   represent  tlie  weight  in 
whteh  a  bar  of  each  metid  of  1   millimetre  square  wc 
without  breaking,  botli  ulien  the  straiu  ia  gradually 
when  suddtiUy  ap]>Ued  : — 

*  I)«vUl«,  Tor  4'XHni|ili>,  tit  mvllinff  oab«Il  in  a  eninhk  uf  ] 
tainrd  it  free  rrDumrlwm  and  tiiti  -  '.    ' 

at  RUck  l«BMliy  08  to  fumihli  n  '^ 

wetj^lil  M  B  w"^'  ■->"■■'■ '-I  uf  Hi.,,;. i ,,.<-,  m 

IiBffd  ill  n  tni  !i  uif^mir  ID  tcBBni;  to  ■ 

oaetJ  it\>u  ill  :  1. 


Cut  «t«ol,  drairn     .    , 

Do.  do.,  uiumIikI  . 
KuM  wir«,  («l«ol)    .    ■ 

Do.,  Muinlfd  .  .  . 
Iran  win    ..... 

Do.,  utucalcd  ... 
COMter  wire     .... 

tfo;  aniuiaW  .  .  . 
nUiBUB  wire     .    .    . 

Do..  ■Jiuealdd  •  •  ■ 
hOaditun  wiro    .    .    . 

Do.,  aanealvd  .  .  . 
Bihvrwijtt      .... 

Do.,  uinrali-d  ,  .  . 
ZiDO,  cOmiiitrciBl,  dna'B 

Do.  do,,  a&u«ai«d  . 
FuiT  Zinc  e»at  ,  ,  . 
Gold,  dniirn    .... 

Do.,  anneaJcd  .  .  . 
Cwliiuuiii.  dnwn .    .    . 

tki..  nnoMJed  .    .    . 

LMd.  iMit  .    .    .    .    . 

Do.,  dlnirn   .    ,    .    . 

Do.,  uin«al»d     .    .    . 

Tin,  drmwn      .... 

Do.    do.,  laaealod 


M>r. 


OndoaL 


65-7 
700 
400 
61-10 

4030 
30'S4 
34' "» 

87-4 
»o 
1601 
■3-6o 


It  will  be  aeeti,  from  an  inspection  of  thi»  table,  tlint  tlie  general 
tfcet  of  Iicat  is  to  iliminish  the-  tcnanty  of  the  metals,  except  in 
he  eato  of  iron,  «teel,  and  gold,  tlie  tenacity  of  which  tieenis  to  be 
oit»eiitiat  increased  hj  a  heat  of  212**;  this  is  parUcuIai'ly  so 
rith  iron :  by  a  further  elevation  of  temperature  the  tenneity  in 
pin  (liuiinislied.     The  influciiee  of  annealing,  or  heating^  the  bar 

dull  redncMt.  am)  atloning  it  to  eool  nlowly,  i«  Mtill  more 
cmwluble,  for  bv  this  means  the   tenacity  of  gold   ia  reduced 

K  than  half,  lliat  of  silver  nairly  as  much,  that  of  platinum 
iboat  one-lliird,  and  that  of  iron  and  copper  about  a  fourth. 

<417)  AtalUabUUy  and  DtcetUily. — The  following  tnctals  arc 
Itrmcd  malleable  melal»,  i.  e.  inetiiln  which  nmy  bu  n-dticeil  to 
UuD  leavcH  cither  bj*  lamination  between  rollers^  or  by  bam< 
■ering:— 


Gold 
Silver 
Copper 
Fbtinnm 


Palladium 
Iron 

Ahiniinum 
Tin 
Zinc 


Ijead 
Cadmium 
Niekel 
Cobalt. 
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Lithium,  potaHsium,  and  sodium,  as  well  hs  mercury  wbea 
a  froseii  alat«,  likewine  admit  of  cjileiiMOii  under  the  hanuiie 
Gold  far  surpasses  all  tho  other  metals  in  malleability,  bca 
capable  of  rctUictiou  into  loJiveit  t>o  tliiii  lliat  a  Miuare  foot  vn£ 
les»  tliau  3  grains,  and  the  Sim  docs  uot  exceed  the  300,ooct 
of  an  iuch  in  tbickncsa.  Silver  aud  copper  may  also  be  reduced 
leaves  of  great  tenuity.  The  other  metals  may  be  rolled  into  foi 
but  eaiuiut  be  hammered  into  Iciif.  At  the  hidiiHtrial  Kxhiiniii; 
of  Brcslau,  1852,  an  album  of  leaf  iron  was  exhibited,  tltc  sbtc 
of  which  did  not  exceed  the  yVirflth  of  an  inch  hi  thicknew, 
u  square  iuch  of  the  leaf  weighed  ouly  thrce-fourlhs  of  a  grail 
Niekel  nud  cobalt  arc  lar  lew  malleable  than  the  other  metal* 
the  list.  The  metals  become  denser  iu  rolling,  and  are  often  r 
dercd  »o  hard  by  the  opuration  that  tbey  require  to  be  aoneaJl 
between  every  second  or  third  rolling.  During  tlic  proce&KS 
hanuiicrin;;  and  roUio',  much  heat  is  extrleated. 

TheiuetiiK  may  bearrauj^cd  in  the  following  order  of  ductilil 
the  property  bciug  posscvecd  to  a  nearly  equal  extent  by  thcfii 
five  upon  the  list ; — 

Gold 

Silver 

Platinum 

Iron 

Copper 

Ductility  is  peculiarly  displaycil  by  the  Grtt  7  metals  on 
list.  WoUuston  procurod  u  wire  of  platiuum,  the  diameter  I 
which  did  uot  exceed  the  ^n.^im^h  of  an  iuch,  by  placing  a  nil 
of  platiuum  in  the  axis  of  a  small  cylinder  of  silver,  and  redDCin 
tlio  compound  wire  to  the  utmost  pnictlcable  teuuity  in  Ui«  orii 
nary  war,  by  drawing  it  through  holes  made  in  a  bard  steel  pbl 
tufiiicd  a  druu-|jlute;  the  apertmes  through  which  the  wire  m 
made  to  pass  diminishing  in  size  by  regular  gradation.  Ik>lb  met 
were  tlius  attenuated,  pari  paxsu,  and  the  silver  was  finally  di 
solved  ofT  by  nitric  acid,  which  left  the  platinum  unacted  upo 
Gold  wire  equally  fine  waa  obtained  by  a  similar  process  {Pk 
Tratts.,  iili3]-  Steel  wires  of  extreme  fineness  have  been  p> 
duoed  in  a  similar  manner,  the  silver  being,  iu  this  ease,  dimohl 
by  the  action  of  mercury,  /iuc,  tin,  lead,  mafniCBiuin,  and  en 
lithium,  may  also  be  obtained  in  the  form  of  wire,  but  with  dl 
oulty,  on  uwount  of  their  feeble  tenacitj. 

The  HiaJleability  of  a  metal  is  by  no  means  always  proportion) 
to  >li  ductility :  iron,  thougb  xX  maj  Vit  ttivitoAVvi  -sinss  of  C 


Pslladium 

Zinc 

Cadmium 

Tin 

Cobalt 

Ticad 

Nickel 

Ma^Csiu 

Aluminum 

Lithium. 

■t»vi;ti'«« — srcciFic  GRivrrr  op  Tnt  uetau. 
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SiWDCM,  in  r<  !y  no  nmllonlilc  m  gold,  silver,  copper, 

otbtv  mi  i.-li  are  inferior  to  i(  in  iluctilily.     A 

■tancca  which  ara  not  mctnllic  exhibit,  irlico  in  a  state  of 

HI,  a  vcrj-  [icrfpct  ductility.     HalT-melted  glass  ahoirs  this 

in   a,   toar\in\  (It^rw; ;    it  iniiy   be  spun   ioto  very  fine 

which    bavo  even   beeii  woven  into  a  niwcic*  of  cloth, 

Liianu'iitnl  purpOHCs. 

Ns  ttiat  tho  projKirtiea  of  hrittleiiew,  trnncity,  dncti- 

mallrabiJity,   miut  be  materially  dependent   upon   the 

rof  th«  metal.     Tliis  is  strikingly  exeni|ililie<l  in  tlip  mria- 

tcnacity  exhibited  by  tliu  snmc  metal  under  different  eir- 

Silver,  in  ordinary  coses,  i>  tough,  ductile,  and 

I ;  by  repeated  Iimtings  nud  coolings,  however,  its  particles 

I  thenuelrea  in  a  onritalline  mauncr,  and  it  then  becomca 

Je.     Copper,  when  deposited  in  crystals  by  slow  voltaic 

I  very  honl  and  brittle ;  but  whcu  the  nction  i*  moiv  rapid  it 

ml  tough,  and  the  mct^d  then  exhibits  a  tibrous  characlcr: 

ay  be  stated,  as  a  general  principle,  tlint  tlie  cryntalline 

^anch  as  zinc,  antimony,  bismuth,  and  arsenic,  aro  the  most 

while  those  which,  like  iron,  hitve  a  fibrous  structure,  are 

of  a  high  degree  of  tenacity. 

•tmcttire  of  a  m<^tnl  is  <-ftt.ily  displayed  in  many  ca*es,  by 

it  in   nolventa  the  operation  of  which  is  very  gnulual. 

tlie  miitals  which  fllv^  rciulily  may  be  obtained  in  crystals 

idifRculty,  by  allowing  a  few  pounds  of  the  melted  metal 

j[alawly,  and  pouring  out  the  interior  portions  hi.'fure  the 

[■ad  time  to  solidify;  tbe  inner  walls  of  the  cavity  are 

to  He  linod  with  crystalx.     Btsmnth  in  particularly  woU 

)to  this  prorcss.  'Hie  lexs  fusible  incta)a,Bncli  as  copper,  iron, 

r.  mny  often  l>e  crystallized  from  their  solntinns  by  kIow 

jtiua.     Many  of  them — as,  for  example,  gold,  silver,  and 

ir  native  in  crystals.    A  large  proportion  of  tbe  metals 

rtns  bolongii));  to  tho  regular  system. 

ijir  Gntvitif. — Wide  dilTerciicos  urc  obscmhlc  in  the 

■vity  of  the  metals.    In  the  annexed  table,  vanattons  are 

between   tho  extremes  of  iridium   nod   platinum,   the 

fitnowii  forms  of  matter,  on  the  one  hand,  and  lithium  on 

which  has  litth;  more  than  half  the  density  of  water. 

^tln  are  all  ehiirnetcrii:e<l  by  their  powerful  affinity 

b.-.  ,   -  J  ■^*  which  aro  least  oxidixabic  possessing  gcncrajly 

mat  specific  gravity.     Id  a  few  in!>lnncc4,  ttie  mo«t  marked 

r.  11,  the  density  may  be  somewhat  increased  by 

f,  111^  ;  but  thi'i  is  not  usually  the  case 


i 
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Specific  Gravitg  t^  tke  Metah. 


ItfUl. 

Fktiniim  . 
Ouniaiu. 

Gold      .  . 

UnntuiB  . 

l^tiladiam  . 

ButliiMiium 

lUtA      .    . 

Ifilirer     .    . 

aalli     . 

Lit  .    . 


MoljbdeBai 
Oadmlum  . 

Iron  .  .  . 
Tin   .    .    . 

Zine.  .  . 
dmnnittni  • 
Aulimonj  . 
'relloriiitn  . 
Aracaie .  .  .  . 
Aid  nun  11  m,  rolled 

BtrontiuBi  . 
Gluciiitun  . 
Magnniiuiu 
CmIoiubi  . 
Boilittin  .  , 
FoldHinta  , 
litbinm 


ai'S 

I»'4 

ll't 
¥199 

fk      • 

8-63 

8-604       ■ 
8-013 

■  ri^* 

.    6-Si 

:  %V    : 

■  'l*i 

■  r57S        ■ 

:  «   : 


WollMtoo. 

PpTiUtf  uid  Debni 

U.  Bom. 

IV-licoi. 

D'filhunrL 

RffCiualt. 

WoUuUm. 

Dcvillo  ud  Itobnj 

Rcidi. 

G.Rom. 

MaKtianduKlSch 

KsDiincIilMTg. 

Mnrrliknd  oad  8dl 

Tiipiiuti. 

Bttcboli. 

Stronurjrcr. 

John. 

Brolm|{. 

Kujiffer. 

Wi-rlUt-im. 

M*tv>kwtd  Bnd 

FWrxoIju*. 

Guibotirt. 

BlllKOD. 

Bunsen. 
Oay-UuMc  Bill 

Uonara. 


[439)   PiuiliHily. — l^o  melting  points  of  thi^  ilif 
ililTer  not  less  uiddy  Uiaii  tlivir  (Iciisilie.^.     Mercury,  for 
remains  fluid  m  low  aa  39*^  — F. ;  potauimn  and  sudiun  1 
iht:  lii-at  of  Ixjiliug  wutcr.     'Hii,  cailniiiipi,  liiMnut)!,  lo)i],| 
uutimoiif  mdt  bclon  rodneas,  nlciuin  aud  alumiiiaro 
Iieat.     Silver,  i-oppcr,  and  gold  require  n  briiilit  clinrf* 
iroD,  uickcl,  and  cobalt  a  irliitc  heat ;    wli^-' 
rlioiliuiii,  aiid  sovcmt  utbcrs,  nsiuirc  tliu  luu  1 
battery,  or  of  Uie  osybydrogen  blwwp)|te,  to  riTcct  ihcir  1 


Order  of  Fumbtlit*/  0/  the  Metah. 


iitnvrj 

FcrfaMium 
Sodium  . 
I.itlilum  . 

•n.,    .   . 

r»>ttnitiiii 
BiFmiiUi . 


•r. 


KW7. 
.«*  • 
4*»  . 
44>     • 

SJ  : 


-c. 

— .104 


HiUduas. 
Giy-Liuwat  1 
Kvgsiult. 
B«Mca. 
Cntkloe. 
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■  *  • 


"  P.  "  C. 

uai)nt«rmiaeil. 

.      773    .    .     413 
■  bule  below  rptliMM. 

'  I    ftbore  B  red  henl. 

.     1873    ,    ,     1M3 

.      1990     .      .      tO()l 


>ei6 

3786 


1101 


DiBkll. 


Donicll. 


lilglkMt  heat  of  for|{i'. 


>  iiRlomonte,  Irat  do  sol  fiuc  lu  (]i«  forKe. 


require  the  Uent  ofllie  oxyliytlrogm  Uoirpifw. 


Ib  near  their  mdling  poiiiU,  Iwforc  undergoing  complete 
I  through  a  soft,  itiUrnicdiBte  stii^fc,  in  which,  if  two 
:C9  lie  frCAoiitcd  to  e*ch  other,  oiid  strong  jircwsure  or 

he  iTiiiptoyoi,  tJicy  unite,  or  weld  toi^ethcr,  so  aa  to 
■otitiuuuus  uwsft.  Iron,  Utliinm,  and  potOksnuiii  nflbrd 
trikiiig  iusttnuccfl  of  thia.  Palladium  is  aUo.  in  a  minor 
rei>tiMc  of  it. 

"otaJililif. — Many  of  the  metals  admit  of  being  «o1ati> 
til  dithcully.     Morriiry,  when  hcatod  under  ordinory 

jin^surc,  1>oiU,  and  ia  reduced  ta  a  perfcctlj  colourleaa, 

vii|)oar,  At  nhout  66%°.  It  is  importuut  to  observe 
r^  vafnur,  tlioti»h  Rictiillic,  i&  an  insulator  of  electricity, 
DW  thi;  tnuintni»»iun  gf  disti  iict  dcctric  cparkit  aa  remtily 
lOrlo  air.  The  insulating  power  of  mercurial  rapour, 
hand,   nml  the  tunnll  specific  gravity  of  pi)tii.->nium,  of 

of  lithium,  ou  the  other,  ahow  lliat  there  is  nothing 

with   facts  iu   the  unppotiitioM  that  hydrogen  itself, 

;  li   ■  tjwnformof  matter,  and  thoimh^couB,  and 

r   :<  I  .'tor  of  electricity,  may  pustibly  he  a  nietnl ; 

to  ita  ebemical  proiierlies,  it  approximates  rery  closely 
'       11  of  the  metals  arc  sufficicnlly  volatile  tol 
1 1  [id»  from  which  they  are  obtained — viz.,1 


try 
ie 


Xinc 

Cadmium 


PotasaituD 

Sodium. 
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Oie  liquid  fonn :  cadmium  requires  «  full  red  boil.,  titti  uuJ 
HJuni,  anil  sodium  a  Li^liiT  temperature.  Tlioae  tocudt  «m 
generally  oonhidcred  Used  in  tlic  fire  arc  likcwiso  vobttilitalil 
certain  extent.  Id  the  proccM  of  lead  tiincltiiig,  oiic-fcvd 
the  lead  cscaiiea  up  the  cUiraucr,  aud  woold  be  waatot  I 
means  for  collcctitig  it  were  ndopttn),  Evea  copper  is  not 
lutelj-  fixed  ill  tlie  fire.  My  friend.  Dr.  Percy,  some  ycai 
eliOH'ed  mc  a  remarlinblc  ilUivtntion  of  tUi»  (act:  lie  bad 
poaaewiou  pnrt  of  a  beam  wliicli,  for  man;  years,  waa  km 
OTCr  a  furnace  in  n  copper- am vl ting  h<)U»e  in  Norwa)'  ;  Uia 
beam,  of  wliieli  thin  ia  a  fragment,  contains  minute  M 
metallic  eopper  studded  tlirougli  its  t«xturc :  tlic  ooppa 
have  been  raided  in  vapour  and  so  depuoitcd  within  tta 
Gold  has  been  found  nmilnrlj  studding  tlie  beams  of  reflj 
and  it  may  l>e  seen  to  undergo  vulatiliuLtiou  in  the  fooai 
intensely  powerful  huruing  glnsi.  Fine  wires  of  the  nMstj 
toiy  metala  may  be  dispersed  iu  vapour  by  trausmtttiug  ll 
charge  of  a  powirful  Lcrdcn  battery  through  thi-in.  I 

(43 1 )  Conduciinff  Ptncer  /ur  Heat  and  EU'ctricity, — tm 
diffCTcnecs  of  CKpniiHiou  cxbitntcd  by  ditTerent  metitls  obcnj 
to  etpml  degrees  of  tem|>4^ra(ure,  have  already  been  gdl 
(136] ;  and  it  may  be  stated  gciicnUIy  thai  eodi  metal  Mj 
spceific  expansion :  the  conducting  power  of  each  meld,  a 
heat  (143),  and  for  clectncity  is  also  definite  (lO^tJiM 
general  it  ia  found  that  the  l>e»t  conductor*  of  htuit  arc  awl 
coiiduclon;  of  cJectneity :  but  tliougb  oondueton  iu  the  m 
liquid  conditioiut,  tJie  metals  are  invnlators  in  the  avritiaH 

{433)  Alloys. — MetalBentcrintocombmatiou  nitbm 
and  form  compuuuds  termed  aUogt,  many  of  which  an 
extensively  U8e»l  in  the  arta.  Comparatively  few 
poaaes*  quittitieM  sueli  as  render  them  suitable  to  In;  <  ,  ,  ^ 
by  the  manufactuior  ;  zinc,  iron,  tiu,  eopjicr,  lead,  mimntji 
gold,  and  plutinum,  oonvtitutc  the  entire  numlicr  ap  uac^^M 
antimony,  nnd  bismuth,  are  too  brittle  to  be  to«d  il^H 
em]Joyed  fur  Itardening  other  metnU.  Many  of  tbc  pbyw 
pcrtieK  of  these  metuls  an-  greatly  allered  by  conbbatiJ 
otberu ;  tlic  comliioation  or  alloy  Uiing  often  adaiMcd  to  ■ 
for  which  either  metal  ^[larateJy  would  be  unfit  Com 
is   not  tit  for  castinga,  and  it   is  too  loi  _'  '*4i 

wrought  in  the  lathe  or  hy  the  file ;  but  ^^  -r^l 

fornw  B  mtich  harder  oompu  and,  which  can  be  east,  r' 
■ud  which  conBtitutes  tli-    ""*  -     ■  '      '      ■"  >  -  ,^J 

vlucbcau  lie  varied  hy  ^.■.  tfl 
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of  iiickpl  to  bmwt  dortroyii  it*  yeUoir  oolonr,  and  pro- 

feKhitt  cum  I  ion  Hi)  Hiatal  known  mitler  tUo  name  of  (iormsn 
kppttr  aud  till  in  rnrioua  pmporlioiw  yit^ld  tlm  hnn), 
I  mo<)erati?|ir  fusihic  compounds  known  as  bronxo  and 
Wticn  the  incUlu  combim)  vritli  invrcurv,  the  rvMultiiig 
llnl  ai)  amalgam, 

«t  cnacii  tlicwe  componndft  of  inrtnls  with  «Ach  otiier 
bj  WMik  alSuities;  for  it  ajtiteara  DecemaiT-,  in  order 
Bnci^'iic  onion  between  wiy  two  bwHen,  ihst  the  imb- 
BQ  aep«rate  should  exhibit  great  dissimilarity  in  pro* 
It  hu  MmetioK*  been  qitestionud  wht^tlier  lOluy*  arc  Iruo 
upounds ;  drfiniW  com]>oniidB  of  the  mclals  with  caph 
howcviT,  certainly  cx'M,  and  wmc  have  been  fonwl  oom- 
in  definite  proportioas  in  the  native  slate.  Such  is  the 
Ub  ailvcr  and  merctirj-,  which  occur  cryslalltxdd  together 
prD[>ortion  of  i  equivalent  of  aiWer  to  2  equivalents  of 
■7  (AgHgj) :  aitd  that  tho  idloys  are  undoulitcdiy  in  many 
•e*  true  c)ii-itiirral  compounds,  is  further  shown  by  the  in* 
dimiuntuin  in  density  which  attends  the  act  of  c<>m> 
the  agieciBo  gravity  of  the  alloy  being  generally 
re  or  below  tlint  of  the  two  nictnU  emptoyod.  The 
Kit  of  an  alloy  if  jjteuerally  itiudi  lower  than  ihu  mean 
tho  metals  whicli  oompo»c  it.  This  circnmstaucc,  as 
[•kcnUioD  wliioh  alloyti  I'xiiil'il  in  their  general  relnliona 
!'  ritDtrivity,  nru  u1m>  further  cvi<k-TKc«  of  the  definite 
■f  tlteae  comjiounds.  A  remarkable  ilhiitt  ration  of  the 
'which  tlx]  okentical  union  of  the  metals  cxerta  npon 
Jig  |Kiinl,  u  a0brded  by  tlie  alloy  called  '  fusible  metal/ 
mixture  of  hismntli,  of  lead,  and  of  tin,  iu  the  pro- 
[imeuted  by  the  formula  (i)i,Fh,Sn) ;  they  form  a  com- 
mcltM  at  2x2°,  a  temperature  more  than  loo*"  below 
point  of  till,  the  niost  fusible  of  thne  metals,  and  400^ 
uf  lead.  Must  fr«]uently,  however,  the  allays  are 
definite  eomiHiuiKl!!  nith  an  exccnti  of  one  or  other 
tbe  »«pBration  of  their  oomponeuls  (rom  caeli  other  is 
'^oaaily  effected  by  niniple  means.  Tlius  by  expOMing 
high  tomperaturc,  the  xiiu;  is  volutiliuHl,  leaving  the 
kud  from  the  alloy  of  iirscnie  and  platinum,  a 
ntly  long  conuoucd  will  ex|)cl  almost  the  whole  of  the 
awn  nKahanieal  nioan*  will  wmctimn  suffice  to 
imtiun.  When  silver,  for  example,  is  amalgamated 
rtlu)  amalgam  formed  is  dtnHolved  Irr  an  excesit  of 
liowever,  may  be  almost  entirely  removed 
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by  Bqtwnting  the  mnss  Uirouicli  cliamoia  Intlier ;  tite  amalj 
rt'tAiniM)  in  the  solid  form,  while  the  supcrtluoua  cuerrurT', 
freed  from   Mlvcr,  iivCApes  tliixiugh  the  (loiefl  of  Ute  InuhcTi 

The  elicmical  properties  of  au  illoj'  arc  generally  ■ 
might  liiive  been  anlicipnted  from  tbow  of  iU  cotn;<oDCiit 
mauy  instaDCce,  however,  the  alloy  of  two  oriili/ 
much  more  rcftdily  oxidizcil  than  eitlier  of  itx  cuu--.-  i-.-i- 
alloy  of  I  part  of  lead  ftitd  3  parts  of  tin,  for  example,  bora 
heated  to  dull  n-dtiv^t  iiiiirlt  more  easily  titiiii  it^  c-(itii|HJDea 
becomes  couvcrted  into  a  white  a»h,  used  ia  tlie  prepuM 
eitameU  (503).  Sometimes  au  alloy  ia  completely  kiIuUi 
acid  which  is  without  action  upon  one  of  its  cumiiuM 
German  siker,  nhich  is  a  combination  of  copper  with  til 
nidicl,  is  readily  dissolved  by  diluted  auliihuric  acid,  thai 
acid  will  not  attack  nuiallie  eopper;  and  in  a  «iniilar  man 
alloy  of  platimim  with  ten  or  twelve  times  ita  weight  of  > 
entirely  diwolrcfl  by  nitric  acid,  atthoiigli  {Jatinum  abma' 
the  action  of  the  acid  com]>lctely.  I 

The  ductility  of  nietaU  in  n«iially  impaired  by  con^ 
with  one  another.  Alloys  of  two  brittle  metals  an  ialj 
brittle :  nuch  is  tlic  cnsc  with  tltc  compound  of  MTCni.  . ' ' ' 
AtloyA  of  a  brittle  with  a  malleable  metal  arc  also  > 
vlien  two  malleable  metaU  arc  nnitcd,  the  compound  ia  Mj 
brittle;  gold,  for  example,  when  alloyed  with  a  miuule|H 
Ituul,  splits  under  the  Itamiiirr.  Geiu-riilly  »pcaking,  tl^^ 
of  motals  is  iucreaaed  by  alloying  tlicro;  of  this  a  familiar  I 
is  aflbrdcd  by  tlkC  Ktandanl  coin  of  the  realm  :  tK>lh  goIdtfH 
when  unalloynl,  arc  not  sufficiently  bard  to  reeijit  attri|H| 
degree  required  for  the  currency,  but  Uie  additiou  orVst^ 
of  their  weight  of  copper  to  either  metal  increases  ito  hnn 
the  reqnisitc  extent. 

The  more  important  alloys  will,  however,  be  ' 
separately,  when  the  inilivii]ual  mvtals  which  cuter  um'  in« 
jiosition  are  descrilwd.  | 

(433)  Cwdilion  in  roAicA  the  Mrtalt  oenr  in  A*i>M| 
ties  which  unite  the  component*  of  au  alloy  an  (bol|lM 
easily  severed;  but  tlic  compounds  formed  by  the  mel^H 
cIrsb  of  sabstajureH  known  as  nwi-metAllir,  are  (or  ihiTw 
held  together  by  affinities  of  a  very  powerful  onlcr^^l 
ooin|Mund!i  are  in  a  ehemical  point  of  view  murb  mov«^| 
atul  important  thau  the  alloys.     With  *oma  o:  ^M 

and   ailicoH  combine   in   sntall   iiropurtiou  k  ;iH 

dcatmy   the   mvtAllic  cluu-aolerj    and,  iu   fa^'  fl 


rALLie  OftlB — DISTRIHDTIUJII  OF  lUK   HtTAU. 


299 


itilo   allujs  Uiftii  wiy  other  dus  of  combinntioaa :  the 

iinlilo  iiMtances  of  carbiilcft   and  silicidcH  an-  furniabod 

whu:b,   in   ittt   nioiIilicotioiM   of  sh.'cl  and  cut   iron,  is 

witli  rnrinhk  iiitantities   of  tlicse  elcineut*.     Mitoy  of 

ipoundN  of  the  nietnU  wttb  sul]ihur  prcscnc  tbo  motallic 

inaeeu  iu  (nolens  and  pyrites,  yet  low  nearljraLI  tlic  other 

pn']M;rtics  bjr  wlik'li   llii.-  metals  arc  rncoi^Mcd ;  ductilitv, 

(ility,  aud    power  of  cou<luctUtg  elentncitj^  ant   extrcnidf 

The   mctnllic  cluractvr  w  still  more  completely  do 

by    oxygen,    which    converts    tht!    metals    into    IxhIIm 

ktlj    rartliy,    a«    in  the  familiar   ca*es  of  Hmc,    magnesia, 

uid  oxide  of  ziiio:  whiUt  nUorlDe  and  its  allied  group 

>tjt  form  cont^iounds  which  arc  most  of  them  soluble,  and 

the   qualiti(»   of  true  salts.     The  ener|;y  with  which 

and  many  utlicr  mclals  cumbinG  with   oxygvn  is  very 

in ;  and  the  aifiuitiea  of  i^hloriiie  are  Atill  more  active. 

more  coiDinon  metal*,  on  account  of  thoir  powerful  uflinitjr 

and  sulphur,  are  very  rarely  met  with  in  the  uucom- 

ttm.      Some  of  thofc  which  arc  Icm  abundant  arc  however 

irally  in  the  metallic  condition :  such  is  the  case  with 

r,  mercury,  platinum,  and  eoppcr.     Thfty  arc  then  uid 

iu  the  nalire  ttale.     Many  are  found  alloyed  with  each 

Jd,  for  instance,  forms  tuitivo  alloys  with  palladium  and 

u>;  »ilvpr  with  mercury;  nntimotiy  with  arsenic.     The 

of  uativc  mctuls  or  natural  alloys  is,  however,  an  ex- 

circnmNtancc,  for  tito  majority  of  the  metals  are  found  id 

with  iilhir  i-lirmciits.     Oxygen  and  sulphur,  in  par- 

tluiir  powerful  ulliiiitics  niid  thf  iiliuiulikiicc  in  which 

are  the  bodies  mo»t  frequently  associated  with  them; 

timcM  ftneiiie,  and  more  rarely  chlorine,  are  the  niineral- 

ita.  Theac  ouaipouuds,  whether  osidett,  Hulphides,arHeiudc8, 

\e»,  coitHtilutc  what  arc  termed  lite  ortt  of  the  metalt. 

nlribulion  of  the  Me/a/g. — Next  to  silica  in  its  rarious 

nbnndanl  ocmiponeiiti*  of  the  rockit  and  snpcrficiat 

of  the  globe,  are  the  eompoands  of  lime,  alumina,  and 

Tbeu  crniHa  arc  themselves  oxides  of  metallic  bodieii, 

lity  of  wbtdi  for  oxyi^eu  ia  so  intesse  that  tlioy  are  qctct 

from  it  cxoqit  far  scientiflc  purposes  in  the  laboratory  of 

lint.    In  their  oxidixed  form  they  are  everywhere  scattered 

over  the  faeo  of  ihv  globe.     It  is  not  no  with  those 

roau  is  in  the  habit  of  aeparatiog  from  their  ore* 

Jr,  and  of  employing  for  the  various  requirements 

r  in  tho  melulliu  aUttc     Moat  of  the  oru  ut 
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tlio  Iitghcst  tmportnnoe  and   nliUtjr,  ooniititate  but  a 
tivelr  anuill  portion  of  tite  compotientit  of  tho  («ttl)*s 
this  deficiency  in  their  rclntive  proiioriion  in  more  ihac 
Bated  Viy  th<:  inodi^  of  their  ditlrihulion,  for  they  tre  not 
at  rundom,  or  diffatcd   in   minutv  ({imntity  unifbrtnlf 
tbe  muN  of  Die  (^rth,  but  are  collected  ia  thin  mm. 
which  form  miturraf  rniw. 

>Tiui    Itaa   hitherto   been   able  to  penetrate  but   Id 
small  depth  into  the  body  of   the  earth,  tlic  drepoit 
which   he  ha«   been  enalfted  (o  make  being  not  (creator,  I 
portion  to  tho  diameter  of  the  earth,  than  tlie  thicki 
ordiimrr  xhret  of  writing  psjier  to  a  globe  of  two  feet  in  ilij 
Geological   ob«en*ations  have  shown,   axMl  any  ))i*r*on  «| 
trarersed  a  mihray  eutting  has  had   a  partial  opportiui^  I 
viiidug  himself  of  the  fact,  that  a  great  i«rt  of  the 
portions  of  the  i;lnl>e  conanta  of  a  miocfltnon  of  beds 
— strata,  m  tlicy   arc  commonly  termed,  which  rest 
aivother :  these  1w«l!i  in  Bome  place*  retain  nearly  tlieir 
hnrizoiital  diirction;  but  nsuallr  they  liave  lumiaictl  a 
more  or  tew  inclined,  k>  aa  to  form  a  oaoftidenible  an^\t ' 
fturfftco.     The  aainc  stratum  is  linblc  to  great  vnriatioiia  it 
Den  in  diflbrent  parts.,  but  each  bust  i»  fouud  to  occur  in  a 
poajtion  in  the  vcrieis  the  miccessire  strata  following  eadb* 
regular  order,  tho  uppermoAtlieingthoMCofraoist  recent  fin 
In  this  wny  the  )/>iidou  clay  re«t«  upon  the  chalk.,  tlie  clu 
what  ia  termed  the  greeu-aand,  the  grecn-Mtnd   apon 
and  so  on.     The  stratified  or  stdimentaiy  rocks  rest  ujao  I 
which,  like  granite,  porphyry,  aiid  basalt,  ahaw  no  »{ 
stratitication,  but  boor  marks,  more  or  Ion  endeut,  of  j 
undergone  igneous  fuuon. 

Occasionally  it  happens  that  a  thin  bed  of  metalUi;  i 
a  port  of  tlie  regular  auocewion  of  tho  strata ;  thaa  in 
nhirv,  over  many  square  miles  of  country,  thin  bands  or 
tlie  ore  termed  clay  in>n-storie,  varying  in  lliieknesa 
inches,  «ie  foimd  Ijnng  between  the  Iwds  of  coal.      Ub 
ever,  the  metalliferous  maasea  oociir  in  still  older  I 
M  in  the  mountain  lime»totic  of  Cumticrlniid  mtiil 
lu  thi<  gnmitc  and  clay-slnte,  ns  in  Corowall :  they 
In  fiwurcs  which  trsrerse  the  ordiiury  atnta  of  Uie  < 
•isiimo  a  direction  wliidi,  though  it  never  beoosMa 
still  apiironnhcs  more  or  leaa  tnwanU  this  position, 
vary  in   thinkucM  from  a  fcw  inclins  to  as  many 
oftmi  filled  with  mawcn  uf  basalt,  gtutito,  or  tntdTta  > 
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^nd  fitim  below,  nbiUt  tbo  mxtcriala  ircit  in  Uie  Dtoltcn 
ndcf  Uiv  rlTcctn  uf  »ubternuie«ii  hi-ni),  oiul  then  cotuiitutc 
^Kiiiicr  terms  dyket :  but  in  otlit^r  sues  tbcy  are  filled 
^Hlic  ofLii,  and  furm  miiioral  vcius,  or  lodes.  The  ore 
^Boccun  nearly  puri'j  lit  utJiturs  miuglcd  iritli  quarti, 
wf;  mmi  ritnuUN  crjHtallizc-d  mii>eral»,  or  c\ie  with  earthy 
lt«B  of  differcat  ikscriptions.  Tbctc  vuins  extend  from  the 
dowtmnnU,  often  to  *  depth  ;r«iiter  than  can  be  folloncd 
Uie  deepest  niine».  Tbcvdnti  which  OL-cur  in  the  same  district 
>  roll  iQ  two  dim:t)onM,  nearly  »t  rij^ht  angles  to  eucli  other,  ^J 
iDcipol  or  orif^iual  vcina  being  trafcntcd  hy  tlio  others,  lu  ^M 
lU,  fiw  example,  the  iuet»llifLToii.i  vdiw  run  ncurly  eut  and  ^ 
ibI  tliey  an:  occasioually  iutcrwctul  aiore  or  Ic^s  obliquely 
tr  lodiv,  to  which  tlie  teru  of  cauiUer  (cotitrary)  lo<t«i,  or 
MVaM,  baa  hceo  given. 

■M  croas  counter,  liowever,  arc  by  no  mcaua  alvraya  niet«]li>  | 
t  Ikcy  often  appear  to  have  beca  oocaaioued  by  the  action  of  i 
}  OtMUiating  fntin  Itebiiv,  wliieh,  nfter  iiciiitiiij;  luid  splitting 
giuat  atrata,  produeed  the  tiseurcs  nhieh  were  subscqueutly 
rith  quartz,  clay,  and  Tarioiu  mincmli).     Such  croM  cuunun 
^Bot  M.'Mnfn  occiUMon  the  miner  much  trouble  aud  per- 
^Bcc  the  nuhtcrmnean  furee  tieeeiiwiry  to  produce  them  is 
ilteodcd  with  great  displaecmcut  of  the  original  strata.     A 
Ic  Ttrin  of  lire  u  from  lhi«  caiu-*  freijuently  iiitcrruptut),  aud 
Btimra  Iwt  altogether  for  want  of  knowing  in  ivhat  direetioit 
I  (or  it.     Tliia  nnddeit  break  in  a  rein,  and  its  diaplnccnient, 
.•nnge,  i§  termed  a  fault.   It  is  »cry  rarely  that  a  single 
L,<!cun  alone  ;  utnally  *eveTal  are  funnd  lugolber. 
Loem*  of  the  same  vein,  as  might  be  expected,  is  sub* 
kt  variuliou*  ;  at  one  time  it  dwindles  to  a  mere  thready 
att^n»  oonu'lerabte  expansion.     The  mu§t  prodnctiraj 
lly  occur  nmr  tbo  junction  of  tvo  dituimilar  kinds  off 
^uirtjkllie  iircfi  havinj;  imibably  aecumulatcJ  there  in  con- 
■low  voltaic  BcUiiu»  wliieh  huvv  lieen  going  on  throngit 
\agtn,  aud  wliieli  liave  been  occasioned  by  diflerenecs  ia 
sitiuu  of  the  two  oontiguout  rocks :  in  Cornwall, 
rliere  so  large  n  pixiportiou  uf  the  mineral  wealth  of 
ritatu    is  accuniuhit^til,  the  moat  imjKirtant  mines  occur 
-     <  of  Uie  granite  with  the  clay-slate  or  killat. 

O/H-rathnt. — The   cxislL-ncc  of  a  vein  having 
tned,  and  ila  dip  and  geucral  diivetion  Imving  been 
the  miller  comtucnecit   by  sinking  a  vertical  pit,  otj 
Icb  a  nuuncr  thai  Uo  colcolatcs  ujiou  cuttiug  Ukruu»V 
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the  1o«1o  at  Bnine  30  nr  40  fathoms  below  ilie  Biirrac«. 
lifts  rmctK-d  Hw  lode,  lie  dritv$  a  giillery,  or  litvi,  Imrin 
it,  right  and  left,  rniainf;  the  oro  to  the  fiurrnce  throun 
If  (liu  (irochicv  he  f<uch  rm  to  ciiooiimge  him  to  (irooeri 
shaft  is  sunk  in  the  conrec  of  the  lode,  at  the  distanfl 
100  yanl*  from  ihc  firstl,  nnd  into  ihU  the  gnllrry  or  levi 
so  as  to  facilitate  the  ventilation  of  the  mine  nud  tin 
of  the  ore.     In  order  to  be  »l>lr  to  remoto  the  ore 
parts  of  the  lode  above  and  below  the  point  at  which  tb 
is  made,  the  Hhnft  in  continued  tloniivrordi',  anil  oLbe 
or  croM  cult,  iw  they  arc  termed,  arc  nuutc,  both  abovi 
the  fintt  level,  at  imervnU  of  ten  fathoms,  to  inr«t  tlvo 
fetrent  points ;  these  cross  cuts  arc  at  right  auglea  to 
Fig.  305  shows  »  verticnl  erosa  aection  of  the  lode  it 
ton  Mine,     b  b  rcpreeents  the  engine  shaft,  \  v  the  V 
and  c  c  the  crovs  cuts.     The  levels  cnnnot  benhoira  it 
but  wlienever  s  cross  cut  meets  the  lode,  a  level  is  driv 
we«t,  in  the  direction  of  the  lo<lc  itself. 

Fig.  306  shovs  the  arrangement  of  the  levels  ii 
nine ;  %  •  repreiwuta  the  engine  shaft,  w,  a  wcoud  n 

Fio.  305.  Fio.  jo6. 

*       -  * 


and  t  L  t  the  different  lereU,  tiie  Jcjilh*  uf  *hlrl|lj 
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Enun)1)cn>  nllnchcd  to  tltem ;  tlicsc  levels  commtiiii- 
piiinlo  by  iliort  cuts,  or  tchzen,  u»  Iho  Coroish 
n  ;  tli«ir  ^Tt  shown  at  u  u,  id  various  |iarts,  atut  nro 
'  the  cxtniction  of  tlic  ore  from  diflcrcnt  points 

i;i:rent  Icneltt  are  not  iinnic<liately  over,  or  [MrullcE 
folber,  bat   tlicir  directioD  and  position  varies  with  that 
i  iti  nnil  ilirrf(!ti<>n  of  tlie  I'Kie.     TliU  is  explniiml  by 
jch  ttic  {lirL-c-tiou    of   tbcsc  ^llcrii-s  is  cshibitvil;  it 
nu  a  plan   of  tbe  mine,  supposing   the   figures  to  refer  to 
tb  Otiiwn  in  306  :  the  lodi-,  it  will  bo  soen,  iIo(»  not  preserve 
dip  Hi.  all  pitiiita,  )>t:iiig  niiiclt  more  nearly  vcrcical  at  the 
at  the  left  extremity  of  the  plan.     The  cross  cuts  cannot 
'j   306.     The  sliiuk-d  parts  in  this  figure  indicAlA  tlio 
I    lode  which  have  hocn  already  work«l  away,     Tho 
I  in  tbo  mine  nre  aupported  by  strong  timbering,  tbe  object 
ta  to  prevcut  the  rubbish  from  faJliug  in  and  overwhelm, 
intra  while  cii);agoil  i»  their  work. 
oT  Uic  principal  difficulties  which  the  miner  has  to  contend 
ntinual  ooziug  of  water  into  Uie  mine  iu  all  dii'ec- 
ihe  nitue,  as  very  often  happens,  is  situated  upon  the 
likU,  ftn  aJU  level,  or  watcrcoume,  shown  at  a  a,  Gg.  ya6, 
from  the  shaft  to  the  lowest    ocoeasible  point  of  the 
and  through  this  the  waters  of  theupper  part  of  the  mine 
•cape  :  but  when  tlie  workings  extend  bctow  thia  point,  it 
Qcceasary  to  pump  more  or  less  couNtinitly,  and  for  this 
powerful  itleiiui>engiues  are  required.     The  galleries  and 
*o  constructed  llmt  the  water  shidl  flow  from  them  into 
-1  _i._j-.  (,f  ^\^^  ra\n£,  *o  that  by  pumping  from  the  svmp, 
s  shaft,  the  whole  mine  a  freed  from  wntor.    The 
■Mitut  in  UCted  only  to  the  adit  level,  but  a  con* 
L_.  iH  raised  to  the  surface  for  the  purpose  of  washing 

of  tlir  ctKivaiiiiu  is  done  by  hand,  with  the  pickaxe  and 

■'  juihdoua  eloring,  gimpowder  properly  applied 

■  icfun  greatly.     The  quantities  of  powder  used  for 

lu   tttr   Hiinea  are  sraall,  uxuatly  about  two  ounces.     The 

of  hltuting  consists  in  boring  a  hole  to  the  depth  of  tt) 

3  feet,  »un)cwbat  oblitpicly,  under  the  portion  of  rock 

(»o  rained  ;  the  [(owder  is  then  introduced,  and  the  hole 

raminitie  in  clay  or  friable  rock.     A  cop|)er  wire  rtuis 

L-L<  down  to  the  charge,  «nd  when  the  ramming  or 

wire  is  withdrawn  and  its   place  supplied 

hi^  ,„. u-^oi  with  powder,  and  the  train  is  fired 
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means  of  a  fuaec.     A  safety  fosoc  is  now  oomtnoolf  i 
fur  \he  copper  wire  niul  pillicd  reed  filled  niUt  |iow(ler. 
that  is  detached  is  raised  to  the   siirfacc  of  the  tntuB] 
wrouglit-iron  htickcta,  or  kOtdfcs,  wbicb  are  capable  of  i 
about  5  cvrU  of  ore. 

(43$)  Mechanical  Ti-ealment  of  the  Ore*.— The 
nietaU  from  their  ores  is  cfiectcd  b;^  two  olasacs  of 
tliow  of  tlic  lir»t  cliisti  are  inecbaaical ;  by  tbrir  iDcaua 
]>Brls  coDtaiacd  in  tbe  matrix  or  voiD-atoae  arc  to  a  cor 
separated :  the  ui>eratiuu!t  of  the  second  oIam  arc 
which  the  metal  itself  is  procured.     Tho  mechanical 
iiiHiivncod  not  only  by  i\w  nature  and  compositinu  of  i 
also  hy  its  market  value  :  an  ore  of  tiu,  of  copper,  or  of  I 
the  higher  price  which  the  metal  bears,  will  be  vurth  a  i 
nto  treatment  than  an  ore  of  iron  or  of  z!iic. 

Tlie  orcH  of  zinc  and  of  iron  are  ocenaioiially  subjc 
operation  of  washing  ;  for  when  they  are  accompauicd 
friable  i.-lny,  tlie  clay  admits  of  )>eing  rendily  diffused  il 
divided  Kt»te  through  the  trater,  and  is  easily  removed  by  il 
The  specific  gravity  of  clny  is  not  much  more  tliau  3*0,  «1 
of  carbonate  of  iron  and  hydratcd  oxide  of  iron  varies  fnlj 
4'0,  and  tliut  of  calan>iuu  is  about  4'3  ;  coii»ci[uuiitly  pa 
these  materials  of  c<iual  size  espote  a  smaller  surface  io  Jjl 
to  tlM^r  weight  to  the  action  of  water  than  the  clay,  and  w. 
tated  with  water  they  suLoide  more  rapidly ;  and  if  suU 
the  action  of  u  current  of  water,  llicy  are  held  for  a  shorlfl 
suspenuon,  aitd  arc  therefore  carried  by  it  to  a  smaller  di| 

The  same  principles  apply  to  the  more  olabomte  pid 
washing  adopted  with  tlte  oiesof  kad  and  tin.  Galena  ■ 
cific  gravity  of  y6 ;  tinstone  of  at»ut  7.  Sulphate  of  ■ 
a  density  of  46  ;  fluor-spar  of  3- 1 ;  and  (juarts  of  S'du 
reduced  to  particles  tolerably  uniform  in  size,  the  GMtbyJ 
may  therefore  to  a  considerable  extent  be  acparetix],  by  ibd 
water,  from  tiic  ores  of  lead  and  tiu.  I 

The  following  is  an  outline  of  tlic  merhnnical  opou 
•tied  in  dre*Mihff  the  ores  of  lend  and  tin  ;  and  tbo  same  ■ 
tu  a  certain  extent  atlopled  with  (lie  cx^ppcr  ore*  : —  J 

The  ore  having  bt-cu  brought  to  the  surface,  if*  kadi 
on,  n  Crst  sorted  by  hand  ;  Uie  purot  [lortr -1-  -  -  /^m 
CurniJili  miners  term  them,  are  set  aside,  and  a  .-  ^M 

without  furtlirr  prcpurstion  ;  but  the  bulk  of  the  uro  tt^ 
hanimurs  into  lumjM  uf  alwut  the  vite  uf  a 
j>icocs  are  again  picked  out  by  baud.     The  r<.' 
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1,  vrhich  ransiftto  of  »  )>a!r  of  iiorisoiital  cj'li'nilcrs 

llcl   to  L-iu:}t  ucher  at  n  little  dtstitncc  B|)*rt:  the  cvliu- 

bo  either  ({roovod  or  plain.    TLe  ore  in  tuijplied  to  them 

Irom    alwvo.      AfUrr   [ia»»iiig  through    the   mill,   the 

lore  ut  nifted  through  war^  sievt^s;  the  coanwr  [larta  arc 

tic  far  tlic  Blftin]N»»,  and  thv  finer  portion  is  subjected  to  tlie 

otjifft/inff-      This  ooiisista  in  [iliiu^itig  thu  ori^  cdnlnincd  in 

to  a  Jilt,  through  ivlndi  water   if  constantly  floiriiig :  the 

kwiM   die  ore  in  continual  agitation,  altemalely  imiKing 

:  lie  sioTi',  to  which  hv  also  give*  an  alternate  rotatory 

^  rjirc  alu'aya  to  kc«)t  it  liencath  tlu^  Niirfaoc  of  the 

Dj  this  means  thccont«ntBof  the  sici'e  arc  separated  into 

'■  :i^nt  cpiiility.      If  it  Ikt  a  leailore  which  U  undergoing 

galfua,  from  its  friable  character,  is  easily  reduced 

fr»t;nientH  :  munt  of  the  galena,  therefore,  piaaes  through 

e  Biid  aabsides  to  the  bottom  of  the  pit,  whilst  what  is  left 

Itbc   eicre  cocitiala  chiefly  of  the   Icjih  friable  Uuor-#par  and 

Thi«  reaidue  is  rolled  vilfa,  the  inferior  qualities  of  ore, 

transferrn)  to  the  atainping  mill,  vbiUt  the  rictter  part  is 

fur  amdtiug. 

otB  is  luually  disseminated  Uirough  n  compact  hard  matrix, 

at  ouce  to  the  stam|iers. 

•Camping  mill  consists  of  five  or  sin  upright  wooden  beams, 

T  cmla  of  whi<rh  are  shod  witb  iron,  each  beam  weighing 

i  cwt.     Tlicae  am  placed  in  a  uooitcn  frame,  and  arc  altcr- 

cal  up  and  allowed  to  fall  back  upnn  the  ore  by  the  action 

projecting  from  a  horizontal  axle,  which  is  turned  by  water 

power.     The  ore  '\*  placed  on  an  inclined  plane  behind 

,pcra,  and  slides  down  under  them,  and  is  crushed.     The 

parlii-le)>,  when  redurcd  to  a  sufDcient  decree  of  fineneaafi 

»ut  through  a  gmting  in  front,  by  the  action  of  a  current 

h  IN  constantly  flowing  through  the  mill;  the  washed 

led  into  a  cbaoncl  in  which  two  pits  arc  formed  ;  in  tbe 

It  the  will  the  purer  and  heavier  part  of  the  ore,  or  crop,  i* 

i  whilat  tlM;  more  finely  divided  portion,  tcchuically  termed 

r  achlieh,  accuinnlaton  in  the  second. 

crualit-d  ore  imu'  undergoes  a  series  of  washings,  the  object 

u  lo  separate  Uio  impunties  from  the  valiuble  part  of 


'— -V  t»  ftnl  subjected  to  waiiliing  in  the  buddit ;  Ibis  is  a 
'>.  fig-  SoS,  about  K  feet  long,  3  vide,  and  a  deep, 
the  ground,  vitb  otic  end  somewhat  eh-vnted.     At    the 
id,  *  auii'll  stn-am  of  wutvT  ei>lcrf,  and  it  reduced  to  a  vuu* 
X 
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form  tViin  slicut  hj  mentis  of  a  (liHtrilmtiiig  board,  o,  oa 
)ium>>tr  of  HiniOl  piece*  of  wood  arc  faetvuL'tl  to  Im-ok  tbe  i 
The  ore  to  be  washed  in  plnccxl  in  koaiill  qtiAiititie*  at  iv  tin 
ft  iMMinl,  P,  xomowliac  more  inclined  thau  tbe  body  of  ibol 
titd  it  is  Bprcad  out  iu  a  tbin  Layer ;  tlio  vntvr  cairira  it : 

tbo  richer  portioua 
Fio.  308.  near    tbe     hciui 

.(g3a?axr  trough,  and  tbi-  light 

*  arc    carried    furlber 

'The  beads'  arc  tlw 
io  tlic  kietf,  or  tub, 
at  e,   which  is  fil 
water,  and   ore 
workiuan,   wbo     k< 
euuienta  of  tb«  kin<ft| 
tiiiiiul   ugiutioii  by 
the   paddle  of  agit 
handle    of    wbtdt 
projecting  ut  th«  top. 
the  veiad  ia  nenrly  : 
a^tation  i*  aloppod,  1 
kierc  in  atnKrk  aini 
the  »ide  acvrral   tiail 
icoDtents  arc  allowed  to  subaide;  the  uppin-  ludf  of 
■^vent  is  iigain  jui^Mrd  througli  the  huddle.     \'ariou5 
of  the  washing  proceas  are  resorted  to,  but  tkcy  kre  all 
in  prindple. 

A  rough  eetiinat«  of  tlie  value  of  any  satnplc  of  dr 
obtained  by  the  prooem  called  rvniiiny .- — A  small  qtuinti^ 
ore  is  plaeed  on  a  shoTd,  and  agit«tc<l  gently  with  a 
culnr   movement   in  wnttXt  tlien,  by  giving  it  a  deil 
shake,  tlte  different  constituents  arrange  ihetoaelTM 
thoir  dcnHtty— the  galena,  or  the  tin-stoue,  nt  the  botiomj 
this  are  iron  pyrites  and  bleiidr ;  and  at  the  tup  are  tl 
and  (inarta.    The  eye  then  at  a  glance  roughly  estitnbte»  I 
of  each. 

Tlio  water  omiOoyed  in  the  rorious  wwhtnga  U  not  alli 
once  to  run  to  waate,  but  is  made  to  |uuh  tbrougb  a 
i-huniii-l,  in  which  tUv  olinte  aiul  ni:  '  '  brrn 

iu  tbe  different  upuriitions  ntay  Kil.  1  ^jicstill 

portiou  of  oro ;  and  iu  order  to  recover  tliis  b>  fiu  w  | 
Bgai'  '..■'■:■' 


-^E>^=—— 
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'  .;il>^  tahlc,  the  tx-il  of  nhicti  is  ikl§0  inclined,] 

u^peiiilcO  bv  chains  from  sii[i|Kirta  at  tlic  four 

i|  it  U  alUiruntdf  thrunt  forward  two  or  three  inches  bv 

'  'k  of  a  cam  wheel,  and  is  then  nllovnl  to  fiLll  hix-k 

1  iiodeii  Ixinringit  with  »  sudtlon  jar.     The  ore  is  spread 

board  which  overhangs  the  upper  jKtrt  of  this  iMe,  miA 

forwart]  by  a  ^iitlc  xtrantn  of  water;  the  heavier  [rartictes 

ore,  owin:;  to  the  sii|)erior  nwtnentnnn  which  their  iK'n>it/ 

1,  an  hy  ihiH  jarring  movement  of  llic  table  carried  buck 

UpfM^r  port  of  it,  whiiat  the  lighter  impurities  are  washed 

J7)  HooMtiny,  or  Oxidation.  —  The  chemicid  ojK-ratiouii  are 
into  two  innin  branches,  one  dr^pendent  on  the  addition,, 
on    tliQ  r^inoral,  of  nxvgeit.     If  (h<^  mineral  oonlain 
higndimte,  such  &■  sulphur  or  arsenic,  the  process  of 
f,  or  oxidation,  is  fir»l  rcwrlwi  to.     hi  iiriiieiflc  it  is  ?ery^ 
fj  th*  mode  of  elTccting  it  raries,  howcTcr,  in  dilfcrcot  cases, ' 
I  otoaC  common  method,  a  fumiuw  of  pArticiiInr  conitlniction, 
I  *  rtrrrbrralurg,  is  etnpkyed.      Fig.  309  shows  a  section  of 
ty  ftirnnre,  *ueh  as  is  cniidoyed  for  roasting  co[i|>er 
is  tlM>  platform,  fmin  which  the  hopjien,  n  ti,  ara  charged 
nrp,  which  at  pm^Kr  inlcrt'ala  is  allowed  to  fall  u|)on  the 
: ;  the  fuel  ia  coiiAumed  upon  a  distinct  hearth,  \,  and  docs 
into  contact  with  tite  ore,  from  which  it  is  sepamted  hy 
e,  b  ■■  the  heated  gaam,  as  they  arise  from  the  burning 
r,  from  thu  construction  of  the  arched  roof,  rc*crl>er»te(l,  j 

Fio.  309. 


down  a)x>n   the  ore  to  be  roasted,  and  then  pass  oflT 

tbo  flue,/.-  when  sufficiently  roiuiled,  the  ore  is  allowed 

tt.      '         "ihed  recess,  r,  Ix-neath  the  l>cd  of  the  furnace 

o,'  .  it  it,  which  arc  kept  cIomkI  by  sliding  platca  till 

*tt  ia  coDi[>lcte.     After  the  lire  has  hccn  lighted,  a  con- 

of  air  lo  tbe  miuciat  b  maiuiainoii,  aoA  care  U 
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to  prevent  the  ttrat  froiu  rUiug  so  bigli  as  to  melt  tlir. 
K  stirred  at  intervals  to  expose  fre»h  Mirfaccs  to  the  sclk 
air :  the  niilpliiir  bums  off  in  the  ahapo  of  Bulpliunnn 
escapes  into  the  ntmosplicri:;  whilst  the  »rscnic  rorms 
acid,  wiiich,  though  volatile,  speedily  becoioes  condens 
collected  on  the  eiilcs  of  thr  chimncj,  or  else  in  chaml 
fttntcted  for  its  reception,  whence  it  is  removed  at  ini 
BubfCfiiicntly  purified.  In  mclailiirgic  operations  where  sal] 
of  inetJilii  of  diflTercut  degrees  of  uxidaMUtr  arc  prt-M-nt,  it  nui 
pen  that  the  sulphide  of  llic  more  oxidahlc  metal  is  coof 
conrerte*!  into  »  metallin  oxide,  whiM  *ulphiiruu»  ncii!  n 
and  that  the  sulphide  of  the  less  oxiilahlc  mtui  t*  reduL-etl  i 
nietidlio  Htale.  ThiM  in  roasting  eop()er  pyrites  (the  iniia 
phidcs  of  copper  and  iron),  the  iron  is  wholly  converted  inloi 
uhiliit  the  copper  itt  extmoted  at  once  in  the  nrlallic  *taU|| 
series  of  caAful  roAstiugs  (733).  In  the  case  of  sulphide  ol 
wtierc  the  metal  po«»e»e«  but  n  nindcratc  degree  of  oxiiUtii] 
is  also  the  practice  so  to  regulate  the  supplr  of  air  in  tlu 
naec  that  the  xtil|ihiir  is  wholly  cxpellc<l  in  the  oxidixed  tnoi 
whilst  the  greater  part  of  tlio  lead  is  extracted  in  the  tf 
metid  during  a  sioglo  roasting  in  the  rcvc^rWratory  (731).  1{ 
the  metal  possesses  a  high  di^rcc  of  oxidahilitr,  aa  ia  tbc  ml 
nine,  it  is  not  prueticable  to  limit  the  degree  of  oxidatioa  li 
manner  durin<;  the  roasting:  the  metal  ilbelf  paste*  iolH 
of  oxide,  simiiltBiicously  with  the  oxpnhuOD  of  the  su]ph^| 
phurouB  acid  (5K6).  I 

(4381  Jieductitm,  or  Smellinff. — Tlie  u^cond  chemical  jnfl 
the  extraction  of  the  metals,  that  of  reilucfioit,  [>  applu-ahlM 
metallic  oxides,  whether  of  natural  or  of  artiftcial  origin,  ifl 
in  thi»cii!ie  is  to  remove  the  oxygen,  by  prcM.*iiiiii^  to  tlxH 
some  body  which,  at  a  high  tcinporatUTc,  lias  «  i^lningcrafl 
oxygen  than  ihe  metal  itself  possctses.  The  furnaces  nD^| 
this  operation  arc  of^cn  of  great  siac,  and  *ary  in  form  ■ 
nature  of  the  metal :  in  them  the  ore  im  h<ruicd  inlcnidjH 
tact  with  carbon;  carbonic  oxiile  aud  c*H>uu!c  acid  an  fl 
dueed,  and  fW>m  their  gaseous  nature  «»  itutantly  rcsxn 
the  sphi-rc  of  actioo.  II  becomes  necesHiry  at  this  st>^| 
rid  completely  of  the  earthy  and  other  impnritie*  flU 
which    the    meichamcal    o|>enitio(i&    never   i.\-.>        '  fl 

cnlinrly,  and   which   oflcn  funu  a   large  pr-  M 

Id  order  to  effect   this,   certain   lluxcs,  or  subrtaoce*  ^| 
Ri|M)hlc  of  forming  fnitihle  r  '  '^s  with  tli  .  affl 

juldcd   at  the  same  lime  »  rbun :  t!<  l^^l 


outuiriciTioy  of  tbb  metai.9. 
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g)ia»,  tliroiigli  wliich  tlic  reiluwd  mctaJ,  from  its  »wi*rior 

f,  atnlu,  aiid  i»  thiis  ooiiiplcUily  ilffcndcd  from  eontart  with 

the  nicUl   w  at   suitable   inKrrvalit   rlrnvrn   off  from  the 

of  tlic  Amiace,  nJiilr  the  mcltvd  gl.isa — or  slaff,  as  it  is 

J— rujin    uff  at  BO  aperture  left  t»  tlit  wdc  for  the  purpose. 

nim  is  til  soiiw  coso  added  u>  the  ore  with  tlie  riew  of  aid- 

'       u  of  llic  siliceous  imptiritie« :  in  other  instance?  fliior- 

le   other   nrndily   fusible   material  is   added,  for   the 

'  of  iiicreasii)^  the  fliiiditj-  of  tlie  slag.     Much  judgment  i!> 

it)  the   Mlcrlioi)  of  the  flux,  and  in   deciding  upon  the 

proportion  to  be  add<^d  :  frt.'>]u(.'ntly  thi»  object  i»  cconomi- 

rtdbcted  by  a  jwlicioua  mistni'o  of  diScrcnt  ores  of  the  lamo 

pi,  tswh  of  which  aids  the  other  by  supplying  some  comjiound 

na»  nitiitiug  to  render  tlw  »lag  suiScicutly  fusible. 

irarious  mod  iti  cation  a  of  the^M;  processes  will  be  described 

[iresoiit  thi-m»clves  in  connexion  with  the  diflcrcnt  metals 

nqoirc   tliCsc   uiO(lirnntitiii:<.      Other  modes  of  HCpuriiliu^ 

laa]  tnctals  arc  employed,  which  will  Ik  alluded  to  in  their 

tive  pliuvs.    For  (!et.iUN  iifKiii  m<;tnllurgie  prot-csw?,  the  fourth 

of   Purtiua'  Tuluahle  work,  Traill  de  CAiatie  ajiptiifnft  a\ijr 

,  may  be  consulted ;  and  ttie  socoikI  and  third  volumes  of  llie 

i»ijrk   ouniajn   many  excellent  descriptions  of  processes  in 

metallic  chemistry  is  ajiplicd   to  the  purpo>c;i  of  indii.itry 

[KnuQierco.       Phillips's   MalaHurgjf   i»    a   smaller  aud  more 

Ddioua  treatise  ou  this  sulijcxit. 

)9)  ClaMttJicalion  of  the  Metal». — ^The  metals  may  be  divided 
grcni|)«  (pa;;c  lo),  rc^jard  being  principally  had  iu  this 
lent  to  the  couveiiidnee  of  indicating  the  method  of  test- 
tbc  prcencc  of  the  tuotaJ,  iu  the  ordinary  processes  of 
»;  in  coui«i|uenee  uf  which  it  is  sometimes  necessary  to 
from  the  ftrietly  natum)  order. 

ratiu;;  of  the  }^ups  of  lite  non-metallic  and  eleetro- 
r  cleiiit'nts,  it  has  been  remarked  that  tlie  electru-negatirc 
of  tlxwe  lielonging  to  the  tame  group  is  most  strongly 
m  those  which  hare  the  lowest  combining  number;  chlo- 
ciAHiple,  Iwing  more  netiru  than  bromine,  and  bromine 
line.  Witli  the  baayloua  or  electro-poailivc  elements,  the 
gennrally  holds  good ;  tlio  basic  power  of  potassium,  for 
B,  bdiiK  greater  than  tluit  of  sodium,  and  that  of  sodium 
otHTior  Iu  the;  ba>ie  power  of  lithium. 
w  tnctals  of  the  alk&lie* ;  these  are  three  in  number — rix., 

«.  Pobwsiuui         %.  Sodium         j.  LilbJum, 
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cu«Hiric*TioK  or  tui  hitau. 


TltBMi  metula  (troHent  ft  dose  analog;  in  propertlnj 
wliicb  is  iDU^rmcxIiatc  in  girapertica  betiTMu  ixitawiiitn 
paaseaing  a  combining  tiuiubcr  whicb  is  tlic  aritbcnct 
the  two,  for  ^-*3=:i3.     A  similar  remark  i*  R|»|>lieitblo  toi 
mediate  member  of  some  of  the  other  groups. 

Tlie  correspoiKliMg  »ii\u  formed  by  the  metalB  of  tbi 
group  are  isomorpboiis  ouk  vhen  they  contain  eqaal  M 
portions  of  water  of  cryj-Ialliiuition.  With  t)ie*e  tut 
deseril>ed  the  Balls  of  oxide  of  ammonium :  they  arc  it 
vith  tbe  »alts  of  potassium,  and  indeed  preRut  the  da 
wiU)  them. 

Tbc  metals  of  the  alkalies  arc  dii>tiugut»Iu<d  by  tlia^ 
dwntcten: — They  are  Ron,  easily  fusihlc,  and    volatill 
tempcradircs :    they   hiivu    an    intcnM   afliiiity    for    oX] 
become  tarnished  immediately  that  tbey  are  acpoaed 
when  thrown  upon  water,  tltcy  dceomiMWc  it  at  all 
with  rapid  disengagement  of  hydrogen :  they  each  form 
but  only  one  of  these,  the  protoudc,  conihine*  with 
basic  oxides  combine  will)  water  with  great  avidity,  aoij 
•olvod  by  it,  forming  solutions  which  are  powerfully 
alkaline.      In  tlie»c  osidea  the  haste  <)untity,  or  their 
satnrating  the  acids,  is   developed  to   tliu  lii^iest  dc 
alkalies,  when  exiiuwd  to  the  air,  either  in  the    solid 
solution,  absorb  cnrhoiiie  arid  rapidly :  each  alkali  To 
add  two  salts,  n  carbonate  and  a  hiearbonnte,  both  of 
fredy  aoliiblc  in  water.      Tlie  meluls  of  the  alkalies  oon 
sulphur  in  severni  proportions;  all  of  tltcw  comimuuds 
tolnblc.      With  chlorine  they  form  but  a  single  cbiondc; 
oxides  have  the  power  of  combining  with  chlorine,  an 
compoanda  posncsacd  of  bleuchiug  properties.     LitUiom, 
sparing   Kolnbtlity   of  its    carbonate,  forms   the    cod 
betweoD  this  group  and  the  one  which  follows  it. 

11.  Tlie  metals  of  tlic  otkalinc  earths  arc  four  to  m 


I.  Barium 
3.  Strontium 


Caloiiim 


Tlic  first  tlircQ  of  these   metoU  decompose  water  at 
turcs  with  great  mpidity ;  with  the  exception  of  barium,  | 
form  but  one  oxide,  an<l  this  uxide  i«  «)Iul>le  to  •> 
water,  and  is  cflpnhIeor«>inhiutuj;  with  :iods.       t 
aulplitdcs  which  arc  Holublc  iu  water ;  tlie  prutosolpb 
60  thiui  I'..  ",',:■ 

cliluriiictli 
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liu  purL-  wnler,  but  arc   wolulilc  to  ■  smnll  pxtfnt  ia 

with  car)>onio  aciil     Tbc  salts  of  tlicsc  metaU  are 

njr  c*«m    mmorplioutt.     Mngnesium — rroin  itc  power  of 

uxidBtiao   at  the   ordioaiy  temperature  of  the   air,   its 

fit;  «t   bigli   tetaiM!ntliirvft,  the  ixomorplitfin  of  tho  inlts  of 

Bde  with  those  of  oxide  of  nine,  the  sparing  Rolubility  of  its 

latul  itA  aiilphidc,  tlic  eolnbilitv  of  its  niilphato,  and  Dcvcrd 

'  inrticulan — Btaiids  ia  oloser  relation  to  zinc  and  cadmium 

'  the  groitp  of  the  mctaU  of  thu  alkaline  csiths,  with  which 

,  for  convenience,  it  ia   usual  Xo  a.-'snciatc  it.     AfogucHiuiD, 

nd  cadmium,  all   bum  with  flame  when  heated  in  air  to  a 

ntlv  lii);li  tccDjierBlurc,  and  each  of  these  motala  forms  but 

•alinabU;  osiilc. 

ri.  Metflla  of  the  earths;  t«n  iit  number: — rit.. 


8.  Cerium 

9.  lianthaimm 
10.  Didftnium. 


Aloiniaum  $.  Tttrium 

|.  ('■'  n  6.  Krhiiim 

'/.:       I  I    iji  7.  TcrbiuiD 
lliorinutn 

icM  of  this  class  are  insoluble  in  water;  sereral  of  them 
ived  by  •olutiooH  citlier  of  tbc  caustic  alknlicx  or  of  their 
Aiuminnni  and  gluoinum  do  not  decomi>oso  watGr  at 
tempi^ratun.-*,  uhIl-m  the   miTtals  arc   in   a   very   tiucljr 
ttate  :   tlie  otlirr  metals  of  tbis  group  are  scarcely  knowa 
kCc«l  form.     The   basic  character  of  tlic  oxidcn  of  this 
'  lU  i.i  much  lens  marked  than  that  of  the  preceding 

. _.   of  these  mctaJe  arc  rcry  rare,  and  their  propcrtica 

but  imperfmitl}-  examined.      Aluminum,  bj-  the  isonior- 
iu    ojide  with  scsquiosidc  of  iron,  the  rolalility  of  it»] 
it*  »ligbt  aflinity  fur  carbonic  acid,  anil  other  iicculiahtieft>.| 
tliis  group  with  the  one  which  follows. 
Mctaht  more  or  leu  aualogoiu  to  iron ;  eight  in  number . — 


Ziue 

4.  Nickel 

7.  Chromium 

Cadmiani 

5.  1'raiiium 

8.  Manganese 

Cobalt 

6.  Iron 

ia,  wlien  heated  to  dull  redness,  decompose  tlie  vapour 

'  if  it  1m*  tnttiHmitlcd  over  them,  and  become  converted  into 

h;]-  <      <-x|iui;  they  are  also  soluble  with  cQer- 

^.  I .;  ilrogen  in  diluted  sulphuric  or  in  hydro* 

d.      The  jiruloiidc*  of  tlicse  metal*  are  powerful  basos : 

I  Hi  the  cxeeptinnoftliat  of  uranium,  arc  dinwlved 

_       i  iv  ammonia,  i»iM!ciaUy  if  chloride  of  ammou'ium 
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he  present  in  tlie  ttnlution.  Zinc  and  cadminm,  like 
form  only  a  Binglc  oiidc,  cliloridc,  and  xulphidc;  W 
the  other  metnlti  roriiw  3  senquioxide,  which,  eX' 
c*>c  of  thoee  of  cohalt  and  nickel,  comhines  with 
Baits:  they  «1ho  form  an  oxide  of  the  form  MO,M,' 
Kponding  Willi  the  maf^netic  oxide  of  iron  (FO,Ff,Oj). 
of  the  mctaU  of  this  group — riit.,  iron,  chroniiuu),  i 
gancso — form  powerful  metallic  acids,  which  arc  rcty  i 
wiitcT.  Hydratcd  sulphide*  of  tlio^c  nielaU  arc  pmiliM 
Addition  of  n  solution  of  sulphide  of  potassium  or  of  am 
a  solution  of  their  salts ;  the  prccipiute  »o  ocouioneil  b 
in  cxees*  of  the  alkaline  sulphide.  IIhs  aalts  of  araqi 
cliromiuni,  however,  are  precipitated  aa  oiidc  of  chromiu 
Mulphide.  Sulphuretted  hydrogen  gaa,  when  tranHmittei! 
the  solutions  of  thnic  mctsls  scidulatiil  nitli  lulphuric  aoi 
jtioiiH  no  precipitate  of  sulphide,  cxcejitiug  in  tlie  case  of 
of  cadmium.  Corresponding  salts  of  the  protoxidM  of  t 
ure  iMmiorjihouH ;  and  tlin  snh:*  of  the  seoquioxides  with 
acid  arc  likewise  iBomorphouB  witli  each  other.  Chromium 
gaiwM  abo  exhibit  an  isoniorptious  rehtUon  to  i\vti  anlpti 
inasmuch  as  the  oorrespondinj;  sulphates,  ehromstes, 
nates  have  the  same  ciystallinc  form.  In  the  tmae  of 
a  singular  connexion  with  the  halogeuB  is  exhibited  in  Ul 
phifim  of  the  pcrmaiigauates  with  tin-  corrCHponding 
and  pcriodatt^A,  2  atoms  of  mangaucM;  being  iaomorphoi 
atom  of  chlorine  or  of  iodine. 

V.  >tclaU  which  yield  powerful  ocida  with  oxygen  j 
there  are  ten,  aa  follow : — viz.. 


1.  Tin 

2.  Titanium 

3.  Colnmhium 

4.  Tantalum 


j.  Molybdenum 

6.  Tungsten 

7.  Vanadium 


8.  At 

g.  Autu 

10.  Biaiw 


A  close  parallelism  in  propertie*  cxi»U  between  ti 
aium,  oorre!«poiiding  compounds  such  as  tinstone  (SuOJ 
(TiO,)  being  isomorphoiw ;  they  vacli yi<Id  a  Vuiuifl »oUl 
ride,  and  in  this  particular,  as  well  as  in  ihHr  powerful 
fluorine,  they  exhibit  some  analogy  with  silinm  :  talaa 
tantalum  aim  arc  similiirly  ndated  to  c*ch  ulher,  and  1 
they  both  furniah  au  arid  nith  j  atoms  of  oxytpeii,  form 
bichloride,  and  yield  definite  compounds  with  '■' 
dmuni,  vanadium,  and  tti^  -  '  :  ' 
each  utber,  but  they  are  K- 
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arc  not  truly  intcrRi«itu.te  Iwtwocti  those  of  molyb' 
tuiig>teii. 

BU»i(le  of  tia  is  s  powerful  Inmc,  taA  this  metal  forms  the 

41  from  tli«  group  uf  the  ii-ou  nictnU  lo  lite  {iT^i^uil  group. 

Iiu'IiiiIl-iI  iu  tLiB  dfus  [Ircompow  water  wIidd  its  ra{H>ur 

over  tbiMU  at  a  red  Iimt  (irith  the  exoejrtion  of  arsenic, 

[  w  more  a]ii«)  in  character  to  phosphoras  ttiaii  to  the  mGtnls)^] 

t  do  not  evolve  hydrogen  when  trcat<il  with  diluted  iiiilphviri< 

rinjf  to  the  waut  of  basic  poncr  id  their  oxides.     Many  of 

3g  to  thi^  ti-tideney  to  form  n<-i<U,  decom|WMe  water  with 

rof  Lyiiropcn  in  the  presence  of  a  powerful  base,  such  as 

The  melulhe  acids  formed  by  tlirne  niotalu  uk,  with  the 

of  dtseuic  acid,   nearly   insoluhic  in  water.     The  per- 

of   this  group  of  metals  arc  soUihle  in  tlic  nulphides  of 

lialiuc  metals,  and  in  many  caees  form  crystallizablo  com- 

wilh  them. 

[I.  The  next  group  contains  but  two  metals: — nz., 


I.  Copper 


2.  Lead. 


are   not   related    to    each  other  by    any    atronf  chemical 

Kuccs ;  they  exert  no  decomposing  action  upon  water,  even 

all  red  heat ;  they  furm  jiowerfnl  ba»ic  oxides,  and  exhibit  a 

tble  tendency  to  the  funnatioo  of  snbsalCs.      These  metals 

iliiuolved  by  either  diluted  tiulphuricor  hydrochloric  acid  ; 

pm-ipitated  from  acid  ^ohitions  by  sulplitirettcd  hydrogen, 

eir  Hulpbideii  do  nut  combine  with  the  sulphides  of  ihcallia- 

Cop|>er  forma  salts  which  arc  isomorphoiis  with  thoM; 

jloxidcH  of  the  roctalH  iu  the  iron  group,  and  in  tlie  eoni' 

fliich  it  forms  with  carbonic  acid,  displays  a  close  corrc- 

irith  magnesia,  sine,  cobalt,  and   nickel;  and  lead  in 

tot  it*  compounda  is  isomorphoiis  with  those  of  the  alkaline 

hot  iu  chemical  proi)crttra  it  is  morv  allied  to  mercury 

ircr. 

n.  The  last  group  consists  of  the  noble  mctiil»,  of  which 
uiue — via., 


KDrourjr 

4.  Platinum 

7.  Ruthenium 

River 

5.  Pullndium 

8.  Osmium 

Gold 

6.  Rhodium 

9.  Iridium. 

are  nnablc  to  decompose  water  at  any  temperature. 
~«  but  a  lecble  alfniity  for  oxygen ;   ihe  oxide*  of  the  first 
dcciuu|xi*cd  U:low  a  red   heat,  the  metal  rcmuuuij^  ii 
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aa  uooombuMd  form ;  and   in  many  cases  Bini|ile  expwn 
itrong  light  produces  a  «iiuilar  decomposition  :  all  of 
moretliui  one  oxide  capable  of  forming  salts.     Mcrcurji 
arc  often  founf)  minGmlixcd  in  the  fonn  of  sulpbidcS)  hut  I 
metaU  of  t)iiH  gruup  utiually  occur  in   llie  native  Btale, 
llicm  being  frcqiicnilf  associated  togctlicr.     Tbcir  aSinity  I 
plitir  niul  for  dilorine  in  mucli  Ktroniccr  than  for  oxjgcn. 
them  form  at  least  two  chlorides,  and   nooie  three  or 
the    chlorides  of  the  iiol>l«   metal*  have  a   iitrong 
form  double  chlorides  with  the  chlorides  of  the  mftabj 
alkaiin. 

Silver  exhibits  considerable  analogy  with  lead  ;  its 
»eaMM  very  strong  basic  power:  |uUladium  iit  itoaibnhat 
copper. 


§  II.  Obxkbal  PHOrERTiEn  or  thk  CoMroDN'on  or  Tit( 

WITH    TUK    NON'-UKTlU.IC    ElEUENTS. 

(440)  Tub  OtiDKs. — TI1C  most  important  compoundal 
metals  with  tlie  non-metallic  bodies  are  tliofte  which  thcf  I 
oxfgen.     The  oxides  in  manj'  cases  oonftitutr  nbiindunt  as 
able  metallic  oreH;  nncli  as  the  difTcreut  forms  of  hire 
spcrular  and  magnetic  iron  ores,  and  tinstone,  tlic  ordii 
tin. 

The  metallic  oxides  may  be  subdivided  into  3  ctaaseti 
I,  t»sio  oxtdeH ;  2,  saline  or  indifferent  oxidca;  and  3, 
iicids.     The  eomjwunds  of  the  same  metal  with  o\y};i:n  w 
numerous;  and  the  extremes,  or  the  oxide  with  thv  tuuii 
oxygcD  and  the  oxide  with  the  minimum  of  oxygen, 
present   chemical   (Qualities   of  opjitwiite   kind<i,  the  formerl 
electro- negative,  and  po^scssiug  acid  propi-rtios,  whdst  thel 
oxides  are  electro-iioaitiTe,  or  basic,  ia  tlicir  nature. 

Ad  execllcnt  instance  of  this  kind  is  nRorded  in 
oxides  of  mangane»e :  the  protoxide  (MnO)  t>  b 
the  scsqaioxidc  (Mn,Oj)  is  a  much  weaker  boao ;  the 
(MnOfMtijOJ  is  a  saline  or  imltfl'i-reiit  oxide,  and 
disposition  to  enter  into  combiuatkm  cither  with  Hdd* 
alkalies,  and  lite  same  may  be  said  of  tl»c  black  onLide  (3 
whik  the  two  higher  oxides,  manganic  and  |h 
(MnO,  and  MnjO.],  couihine  with  ulknlti.-*,  and  an 
As  a  genoml  rule,  Uio  gn!atcr  the  number  of  atoou  of  | 
which  an  oxide  contains,  the  Im  is  it  disposed  to  unit 
aciiU:   on  tbo  ouulrarj-j   it   rn.-<jiiciitly  pOMCSso   add. 


oeKSMAi.  raomtTira  or  -rait  oxidu. 
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it  unites  witit  bases  to  form  m?Ia.     Prntoxides  generally 

a{*  MiJiniiMe  bnkca ;  Uic;  ivquin:  i  i-qnivAk'nt  of  A  monoliuic 

Ibnn  nuutral  aolu.     Soquioxides  are  wcakor  fauei ;  their 

fUnnlly  tiii»t«b(c ;  tEicy  niquirc  3  ntoms  or  equivalents  of  a 

I  acid  to  Ibnn  a  salt  wliicli  ta  ucutrol  iiioom|)o«ilion,tl)ou){li 

«J  uot   be    netiiral   to  tcst-pApcrs  (458) ;  and  in  general  all 

juira  ns  mauy  etgiiivalenta  of  acid  as  their  cnntain  atoma 

■II    tiiL-ir   cv>m[)o<ition.     Some   of  tlic  metallic  acids, 

Btannic  and  titanic,   ountain   3   atoms  of  oxjrgen    to   t 

'  mottil,  but  aia«t  of  them  contain  3  atoms  of  oxygen,  sndi 

ipic  as  tbe  matigani<!,  ferric,   Rhroinie,  tungalic,  molybdic, 

lie  acttU  i  whilst  in  a  few  cases,  such  as  the  arsenic,  anti- 

,  and  permanganic,  tho  proportion  of  oxrgen  i»  stUI  higher. 

(mwc  oxides  in  geacral  are  devoid  of  all  metallic  »ppcar> 

,  and  prts«iit  /lar  t-rctllence  the  characters  of  enrthy  matt^ra. 

I  potuxiden,  «hcu   solid,  are  all  insulatora  of  the  voltaic  cur- 

;  Iiat  sonic  of  the  higher  oxides,  such  as  tltc  hinoxide  of  xiUcr, 

i.  arid  «r  mnnganiese,  allow  it   to  pass  with  &cility.     It  is 

that  all    tliaie  conducting  peroxides   may  be  formed  iu 

by  the  action  of  the  ciineiit  itsrif. 

rlii-n  found  cryslalliicd  in  the  iinti\x  state,  arc  much 
Uie  metaJs  tluit  furuiih  tltem,  and  they  generally  hare  a 
rily  coniiiderably  less  than  thnt  of  the  metals  thcmsclres. 
Jn  are  ftolid  iit  ordinary  tcmpernturot ;  many  of  them 
•t  a  red  heat,  such,  for  example,  as  the  protoxidcii  of 
1,  of  sodium,  anil  of  lead,  and  the  ccsquioxide  of  bismuth : 
I  oxide  of  copper,  molybdic  a4?id,  oeMiuioxidc  of  chromium, 
oxide  of  intn,  re(|mrG  a  much  higher  temperature  to 
ifteir  fusion.      Baryta,   «trontin,  aiul  alumina  require  tbo 
^yhj'ilr»Kun  jet ;  while  some  oxides,  such  as  lime  und 
<i  no  a{i|)earatM»  of  fusion,  even  aAcr  the  application 
:  moK  intense  heat. 

kfpiieral  nilv,  the  luldition  of  oxygen  to  a  metal  renders  it 
fualbic  and  volatile.     The  protoxide  of  iron,  the  sesqui- 
ciirominm,  aiu)  molybdic  acid,  arc  the  only  oxides  which 
a  t«in)»crulure  below  that  of  tbe  metal  from  which  ihcy  arc 
A  few  of  the  oxides  are  volatile  at  moderate  temi>era* 
•motifc  these  arseniotu  acid,  acsquioxidc  of  antimony,  and 
Six  only  of  the  biwic  oiiik-H  are  actable  in 
Ej  -       ,  ■■"\q  extent — vix.,  the  three  alkalies,  aad  baryta, 

bjmI  lime.     Tba  insolubility  of  the  oxides,  however,  is  far 
11   general  as  llmt  of  the  com'^puiidiiig 
.  .1',  excejit  iu  particular  cases,  it  u  leu 


su 
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rio  sHljrtinloperatiotutosepiintetlietiKtab  tnol 
of  tanfo  Aan  is  thU  of  ml|ihulM.  I 

IVse  oompoonds  of  oxjrgca  irith  the  tnctala  whidi  |Hiaa 
u  tbc  diromic,  maiignntc.  nuil  arwtiu:  ana 
frccfy  Bohiblc  iu  water  ;  othcn,  u  the  molYbdir  and  q 
and»,  VT  morr  fpeuinglj  taken  up ;  but  rven  t}io»c  uida  I 
ttc  the  tant^c  and  tt^Iluri^  sre  inwluble,  form  hydralciri 
■mmUt  nddcn  litniii:>  paper.  \ 

Pnfontum. — Most  of  tbc  oxides  maj-  be  proctiml  in  t 
■aboo  with  water ;  gcaendly  Kpeaking,  tlii-sc  hvdratcd  ouJ 
ofatUDcd  hj  double  decomposition,  on  the  ■■idiiJiin  of  lU  all 
oee  of  their  soluble  luUts :  tbus  sulpti&tc  of  sine  yields  hy 
oxide  of  tlte  metal  on  adding  hj'drnte  of  jKrtadh  to  ita  bo| 
ilnO.SO,  +  KO,HO=KO,SO,,  +  ZDO.iIO.  Tlininetal» tiliU 
powerful  bnses,  like  those  of  the  alkalin  and  alkiilioe  j 
ntaiti  the  water  witb  great  obstiaacjr ;  while  otbcr«,  wUich  i 
pQwrrrul  bases,  such  an  the  tiydrated  oxide  of  cupper,  on  I 
po«cd  at  a  tentpenitnrc  below  that  of  Imiliug  water.  I 

The  aubydfuitH  oxides  may  be  obtaiuod  in  tevcral  m 
t .  Tficy  may  often  be  foriDcd  directly,  by  burning  tbe  metal 
ur  to  oxygen  giw.  T)ii»  procets  i*  best  ai1n{it<-d  to  metalM 
like  aiuc  or  Brscnie,  are  Tolatile,  or  wbicb  produce  fuaible  I 
ltk»  troll  or  lead ;  iu  xutrli  cascx  the  oxide  it  reiiiored  aa  H 
ia  (briDcit,  and  fresh  surfaces  of  tbc  metal  arc  continually  a 
In  llkP  b-tion  (»f  tbe  gu.  AnliydrouN  poivb  and  loda  cafl 
vteaiucd  by  any  other  nvetbod ;  and  it  is  resorted  to  os  tl 
mlo  in  the  [vreparalion  nf  ancnioiu  iteii),  and  of  Uie  <u^|H 
M<4  trad.  Several  of  the  metallic  protoxides,  if  roMlaVI 
Rul  hral  in  a  current  of  air  or  of  oxygcti,  abnorb  an  adi 
tlMMltty  of  (>xy)p-n.  Litharge,  or  protmidf  of  lend,  ia  till 
VMftMl  into  ml  lead,  3  rbO,l*bUy ;  and  peroxide  of  bnriun 
•uty  in  this  way  be  obtained  from  baryta.  3.  Anollier J 
null's h  in  tbe  formatiun  of  a  nitmlc  of  the  oxide  u^tfl 
W  wrant  of  nitrio  acid  ;  the  iiilrute  iit  tlien  dccompoNi^ 
vkieh  expek  tbo  acid  and  leaves  the  oxide:  in  this  ■ 
ijj.wha  of  tncmiry,  bismuth,  atttimutiy,  copper,  h^l 
tlWDMlimH  an-  )m-|ian-d.  ^.  In  FutDu  cases  it  is  IomI 
w-'-r  to  pretiarv  the  oxiile  by  tbc  decompuailtoo  of  thc^ 
^  tte  ItMFtal  by  bent.  All  the  carbonates,  witli  t^Bl 
I  of  wk,  potAMh,  and  iMuyU,  are  decotnpoMa  a^H 

t  w  thua  coioinouly  obtain<»l  from  limustmiv,  wU^H 
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kTinoTtlui  wsqtiiuxiilcsoriroii  niid  umtiiuin  itrc  often  prepared, 
tlio  mc'ul  (ixiilcH  inn)r  l>e  obtained  br  deflugratiug  the  luetal 
<  ralphido  with  nitrate  of  |)Otuh ;  the  tendency  of  tlie  metallic 
tunile  with  tlit-  alkidi  favours  the  oxidation  of  the  metal :  the 
I  midoB  of  osmium,  of  titanium,  of  moiigaucse,  and  of  chro- 
I  well  aa  of  Mtnc  otlier  metals,  maj  be  obtaiued  iu  this  waj. 
ritioiu, — t.    Bj  the   action    of  a   red  htal  many  of 
loM   their  oxygen,  either    partially  or  entirely.     Tlic 
of  sold,   silver,   mercury,  platinum,    and   pallulium  may 
completely  rcdnccd  ;  the  peroxides  of  lead,  cobalt,  Dickcl, 
mum,    return    to     tbc     state     of     protoxide;     and    the 
acids  lose  a  portion  of  their  oxygen  ;   thus  arsenic   and 
lie  acidH  are  converted  rc»pectircly  into  arscuious  add  and 
of  chromium.     It  may  l>c  ktatod  as  a  general  nilc, 
[bowever  to  exception,  cepcdally  in  the  case  of  the  acidiliaUa' 
ia  the  fil^h  clsB!',  that  the  itlTniity  of  a  metal  for  oxygooi 
in  the   inverse   pro|)ortiou  of  its  specific  gravity  ;  the 
metals,  such  as  pot{ut*ium  niid  sodium,  being  the  most 
- -'"-i-d,  vhilc  platinnm,  iridium,  and  gold,  which  arc  the 
.^,  arc  alt^O  tbuse  which  show  the  smallest  tcndcucvto 
with  oxygen, 
'fhe  oxides  arc  not  alTectcd  by  hydrogen  gas  at  the  ordinary 
itiirc  of  the  air.     All  the  higher  oxides  of  the  mi-tuls  arc 
redufwl  lo  protoxides  by  hydrogen  at  a  low  red  heat,  whilst 
[is  formnl ;  and  at  a  full  red  heat  a  large  number  of  them 
Inccd  to  the  metallic  state.     This  reduction  goes   on  moot 
«hrn  the  current  of  hydnigcn  is  briiik,  so  that  the  vapot 
i*  curried  away  as  fast  as  it  is  formed.     The  oxides 
uf  tlic  metals  whi<:li  decomjwKC  water  at  a  red  heat  majl 
Jcsa    be   df^prived   of  their  oxygen  in  a  brieilc  current 
ta ;  tliis  is  thu  caM!,  for  example,  with  the  oxides  of  iron^^ 
cadmium.      The   metals    of   the  alkalies   and   of  the 
not  rtxliiciblc  by  hydrogen, 
reducing  action  of  carbon  at  ahigh  temperature  ts  still 
important;  all   tbo   metals  which   yield   their    oxygen    to 
do  HO  to  oarlwn,  and  potassium  and  sodium  are  oMain* 
3m  tlicir  compounds  by  its  oeency.      This  arises  in  part 
vobtility  of  tbrJM;  two  nietala,  which  is  sufRcient  to  enal>le 
Iti  illed    from  the  carhonaceoiis  mixture.      Lithium 

^  e  11-.  L-.        1   the  earth*  are  nut  sullinciitly  volatile  to  pa 
H    vapmir,  and  though  their  afGnity  for  oxygon  is  less  intcns 
H    a'  '*iuRt  or  of  »»dinii),  they  cannot  be  obtained  fn 

H  i<r  action  uf  ciirboii.      It  dcjicnda  upon  the  ntit 
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of  the  metal,  and  upon  the  tpmperaturo  employed,  wliether  tli( 
gu  tbut  if  formed  duriug  tkc  reduction  be  carbonic  oiJdc  or  cap 
boDic  acid.  The  more  readily  oxidizeble  metala,  swh  a*  pota* 
KJiini,  zinc,  nnd  iron,  nt  a  hi};b  trmptreturc  ik^compose  mrbonio 
acid,  so  that  carbonic  osiiic  only  in  formed  when  they  are  n'ilu<trf  r 
'while  if  the  reduction  takes  pincc  readily,  ux  is  the  case  witli  eofpt 
aud  lead,  carbonic  acid  in  ]ircHliicc<). 

4.  Pry  chiorine  sometimes,  oven  without  the  applicatioa  t 
heat,  decomposes  the  basic  metallic  oxidew,  such  aa  tlie  rt&  osidl 
of  mercury,  cxpcltin^  their  oxyj^en,  and  coiircrting  them  into 
ehlortdes.  At  an  elevated  temperature  few  of  them,  exce]>ti4g 
thoae  of  magnesium  and  of  the  earths  in  the  third  (;mnp,  resiBt  it 
action  ;  Ute  oxides  of  gold  and  pbitinnm  are  simply  mluccd  to  th 
metallic  state,  lint  chlorides  of  ihc  metals  are  formed  in  other  casea. 

If  t!ie  oxides  be  hydratcd  and  suspended  in  water,  the  actiM 
of  chlorine  is  quite  diflVrcnt;  the  metals  of  the  first  two  gTooft 
yield  bleaching  compounds,  and  by  hetit  are  converted  istd 
chlorates  and  chlorides  in  the  manner  already  explains)  (311^ 
The  oxide*  of  the  thini  group,  the  earths  proper,  eiL|)erienoe  U 
particular  change,  but  thoMo  in  the  fourth,  or  ferric  group,  nre  ea* 
rerbcd  into  •  mixture  of  chloride  and  hydrstcd  se8«)uioxide.  M 
acaqnioxidea  of  cobalt  and  of  nickel  are  usually  prepared  iu  thi 
maimer  :  thus,  3  (CoO.HO)  +  Cl  =  CoCl  +  0OjOj.  3  110. 

If  the  liquid  bo  strongly  alkaline,  the  whole  of  the  metal  may 
converted  into  srsquioxidc  ;  3  {CoO,HO)  +  KO,HO=Co,0„  3  R 
+  KCi.     Then  [lOtaiih  in  this  case  part*  irith  it*  oxygen,  which  i 
transferred  to  tlic  cobalt,  whilst  the  chlorino  combines  with  ti 
potassium.     Tlic  protoxiih:  of  mangaucite  umler  these  ciicum: 
yields  the  hydratcd  peroxide,  MnOg,2  110. 

If  the  mi^al  be  cnpnble  of  forming  an  acid  with  3  atoms 
of  oxyiKeu,  the  process  of  oxidation  may  even  proceed  further,  sA 
the  sesquioxide  tnay,  in  the  presence  of  a  hirgc  quantity  of  potasl 
become  converted  into  the  metallic  acid,  which  combines  with 
portion  of  the  excess  of  alkidi;  thus  in  the  ease  of  scB(]uiox)de  of  iron 
ferrate   of   [Hitash    is    prrduced    Fe,Oj,  ^  HO  +  5  (KO,HO) +3  ( 
=  4  [KO,FeO,)  +  3  KCi  +  8  HO. 

5.  Most  of  the  oxides  arc  decomposed  more  or  Icm  completel, 
when  hcntcd  with  titlphur :  the  alkalies  and   alkaline  earths  ar 
converted  into  a  mixture  of  snipbute  and  sulphide,  but  the  meta 
of  the  earths,  or  thoM:  of  the  third  group,  are  unaltered.     MosI  <] 
the  other  oxides  are  couverteKl  into  sulphides,  with  escape  of  so 

phuroiia  acid.     The  oxideft  &re  more  readily  decomposed  by  salplti 
if  the}'  be  prciiously  mixed  w'it.\\  catViQU. 
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}C  '  i  (>/  OxjffftH  M  MetaJlie  Oxirfr«.— Ttic  compo- 

^.  'vide  fDity  be  lucerteincd,  if  it  Ue  ilwompoublc 

by  bvttting  the   oom|>ouDd  la    a  c&rrcDt  of  this 
ig    utd  weigUiug   tlifi    waiter   jinxliiceO,    and    detor- 
aiDouiit  of  retluocd  metal  wliicli  n  given  Mcight  of  the 
I  yieUed.     In  other  case*  their  coRi|io«ition  u  determined 
ily,  a  giircQ  wcigbt  of  tbc  motal  IxHng  conrcrtcd  into 
tijr  beating  the  metal  iu  a  current  of  air,  or  \>y  ooiu 
to  a  nitrat*;,  and  aflcr«ran)§  cx[iclling  th«  nitrto  acid 
in  of  heat,  and  ircighing  tlw  qaantity  of  oxide 

StiLraiDKa. — ^Tlic  combinationt  of  aulpbur   «itb   the 

Diimcruua:  thi;y  arc  lU  maiiy  imtAncoi  of  grrat  value, 

important  onts.     A  large  number  of  tJw  native  BiUphi<les 

nl  a  high  mrtallic  luotrc,  a«  ia  »1iowd  bj  the  sulphides 

cup|icr,  of  lead,  and  of  antimony. 

or  l>c<|U(-otly  ounibiino  with  the  same  metal  in  several 

W.%,  and  it  usually  liappeoa  that  for  each  oxide  a  curre- 

Bolphidu  may  Im;  forntoil.      Sometimes,  aa  in  tbc  case  o( 

I  of  the  allcaliea  aiKl  alkaline   eartbii,  the  sulphidi^  arc 

ufTOiu  than  the  oxides ;  thus  two  oxides  of  potassium, 

nd  barium  only  are  knowu,  but  there  are  not  fener  than 

idea  of  eiifli  of  tbcEe  metals. 

metallic  fltilfiUMleJi  are  solid  at  ordinary  temperatures. 
hem  may  be  fused  at  a  licat  a  little  above  redness,  and 
be  exclutled,  tlic  proto»ulphi<lea  undergo  no  clmngc  in 
>D  ;  biit  maity  of  the  higher  sniphidcs,  such  as  the  bisol- 
Inm  and  binulphide  «f  tin,  are  decomposed,  and  give  off 
ltd  atom  of  sulphur,  whilst  a  lower  sulphide  of  the 
loft.  Torsulphide  of  artcnic,  or  orpimetit  (AiS,),  and 
of  tnenrury,  or  cinnal>ar  (UgSy,  may  bo  aablimcd  if  cx> 
int  thi-  air ;  tlint  is  to  wy,  iht-y  may  \x  eouvfrtcd  into 
ul  rcruiHlcuacil  in  the  solid  form :  indeed,  tboae  atilphide* 
y  puriliud  by  thia  operation. 

•■n  of  all  the  inclais  are  insoluble  in  water,  with  the 

".■a  of  pota*«ium,  sodium,  citlciura,  strootium,  and 

Sulphide  of  magnesium,    however,    is    but    aparingly 


lllfllidea,  Uko  Ibo  oxiiIm,  may  bo  siibdirided  into  baiuc  and 
aooordtng  to  tlie  nature  of  the  metal  and  the  numlier 
'  '1)  which  each  ntnm  or  metal  is  combined. 

.  alkaline  mctids  aDord  illustrations  of  buaui 
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milpliidcs,  and  tbcy  enter  into  cwmbin»tion  irith  the  hi);1icr  i^ulplitile 
vi  iiKrtiiin  wliicli,  like  untituoiiy  unil  iirHnnie,  form  acidx  writii  oxjgrnJ 
Pcntasulphidc  of  arsenic,  or  sulpbarscnic  arid  (AsS,),  in  tliis 
combines  with  MilphiiU*  of  sotlinm,  antl  forniK  a  cryxtiilliite  swlub 
compound  {3  NaS,A6Sj+ 15  Aq] ;  and  in  hke  maimer  peniasal^ 
phidc  of  nntiinoiiy,  or  xtilpliaiilimoiiic  ncid  (SbSJ,  formn  m  solubli 
comixmnd  with  sulphide  of  sodium  (3  NaS,  SbSj  +  iS  Aq),  wht 
cryKtulli^e:!  in  bcuiitiful  trun:<piircnt  tvtntticdro.     A  hii^  uumb 
of  similar  compounds  may  be  formed  with  Uie  sulphides  of  < 
nivtaU,  and  these  compounds  arc  for  the  most  part  aoluble  >n 
III  con-^pquenre  of  the   tendency   to  the  formation  of 
double  Bulpbur  salts,  many  of  the  sidphidcB  which  atx:  tosoluUe  in 
vatcr  are  dissolved  freely  by  solutions  of  sulphide  of  potaMium 
of  aulpbidt  of  ammonium  ;  and  this  circumatanoc   is  frequenllj 
taken  advantage  of  in   the   laboratory  during  the  progresa  of .< 
analysis,  for  the  purpose  of  separating;  certain  metals  the  aulpli 
of  which  an^  nuUiblt-  in  H(>hiti<in«  of  the  sidphides  of  the  alkalifia 
metals,  from  others  which  arc  not  saluble  in  these  oompoui 
The  following  sulphidi-s  may  he  disiwlved  by  a  solution  of  hyd 
sulphate   of  ammouia,  and   by  &  solution  of  sulphide  of 
num  : — 


ilitiulpLidv  of  pUtitiuin  .  .  PlS, 
Se»ijitiHiilplitilt'  of  rbodiiini  Ito,S, 
Teriiilpliiil'^  of  Kracnic  •  ■  Ann, 
rentiwiilphidp  of  amrnii;  .  AsS^ 
Tcrjulphitlp  ofnntimony  .  SbS, 
l\>ntasul[)Ui(ii'  <i(  nuimiony  iibS^ 
Sinulpliitlc  uf  VBiiiidium  .  VSj 
Tcrsulphidti  of  vaiiitdium    .  VS, 


Ti'rsulphiilp  of  tvnutUn .     . 
Ti'rsiilpliiJc  of  iiiul)'bd«nuni 
QunHriHiilpliidf  i>fmi>l}'bileauin  Ma 
ProtoBiilplndp  of  tin   ...      "  ' 
liiiiilpbirtp  i>f  tin    .     .     .     . 
IJisnlpliicip  of  Irltiirinni  .     . 
Ti-rsulpliiUi-  of  tclliiriuta 
Till-  HiUpliidvsof  irUliuin. 


The  double  salts  thus  obtaine<l  arc  decomposed  l^tlicadd 
of  an  acid,  such  as  the  sulphuric  or  the  hydrochloric,  sulphur 
hydrogen   being  evolved,  whilst  the  sulphide   of  clcctro-m?fBt 
tnctal  is  precipitat(!d :  for   example,   3  NaS,SbS(+3  H('l  become 
3NttCl  +  SbS,  +  3HS. 

Decompositions. — If  free  oxygen  or  atraospheric  air  be  «1Io< 
acccwt   to   the   hcateil    sulphides,   they  are  all  decomposed; 
anlpliur  becomes  oxidized,  and  passca  ofl*  a»  sulphurous  acid,  wltil 
the  metal  in  most  casi's,  as  occurH  with  tin,  antimony,  and 
deuuni,  remains  in  combination  with  oxygen.     The  aulpfatd 
the  metals  of  the  alknlius  and  of  the  alkaline  earths  become  1 
verted  into  sulphates  of  the  hasi-,  and  the  Mime  thing  occnn^ 
completely  with  many  of  the  metals  which  lia*e  a  atrong 
for  oxygen ;  the  sulphideti  of  iron,  of  lead,  and  of  copper,  arc 
tiaiiy  couvcrted  into  Bu\phatc»,  Viut.  Vb^  a.  «Utn)%<ct  \)i««x  rJMMe  w 
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i-ir  >u-\t\,  ami  the  oxide  of  the  ni«tal  onlj  ia  left. 

of  lliu   iiublc  nictulf,  witun  roasted  in  a  current  of 

ulpfaur,  wti!ck  burns  off  in  t)ie  form  of  sulpbiinittii 

pure  mcta)  rcmninn  lx.'li!tul,  thou^li  in  the  case  of 

ion  of  Etulphate  of  silver  is  eommotily  formed. 

b^drattd  euipliidi^  become  oxidized  bv  exposure 
geii«nl1y  are  eouverte<t  into  »ul[tl)att!H. 
lUmbor  of  the  Gulphides,  espocially  ihoBe  of  the  more 
la,  Kueb  a*  tbnse  of  iron,  xiiie,  and  ninngaiie««,  arc 
Unted  liydrodtlorio  acid   when  cold,  nod  atill  more 
licAtcd, — a  cbloride  of  the  metal  nnd  bydrottidphuric 
\ed.     Others,  such  as  those  of  nickel,  cobalt,  and 
iling  vitb  the  concentrateH  acid  :  it  is  in  tbl*  way 
ichloric  acid  acts  upon   the  tcrsulphidc  of  aiitimonj'; 
ICl   becoming    SbCl,-v,3  IIS.       Sidphuric    acid,    when 
lU  in  A  Bimilar  maimer  upon  the  sulphiiles  of  the  more 
metals,   thougb  lew  mubly    than    hydrochloric    ocid. 
ide*   are  all   decomposed  when   heated  in  a  current  of 
n,  diloridc  of  Hidpliiir  aud  chloride  of  the  metal  beiiig 
Tliia  jirojierty  is  somcttmoB  made  nse  of  in  the  analysis 
nsisting  cbtetly  of  sulphides,  or  of  Milpbidt-Jt  ami  arscuidcs 
ctala ;  the  volatile  metallic  chlorides  ai-e   in   tbi&   waj 
fcpm   the   more  fixed  odc«.      Aqua  regis  attaeks   and 
ic  Aulphides  as  readily  om  gimeoiis  cblorine ;  and  a 
yilroebhiric  add   and  dilorntc  of  potash  is  ctiually 
ciiiii[iuaing  tlicin.     With  the  ciceplion  of  »idpbi(le 
arc  also  deeompo«cd  by  uitric  ueid,  sulphuric  add 
the  metnl  Ijeing  formed ;  during  tins  opcnitiou  part 
phiir   ia  odea   sepantcd   in  ilie  form  of  tough  elastic 
<  tbr  beat  lie  continued,  collect  into  yellovr  globules, 
-Liiiicd  only  by  prolonged  digestion  in  the  acid. 
blowpipe,  the  siilpbideH  areenoily  recogtiioed  by  the 
ifaumns  acid  wbich  they  emit,  cither  when  heated  ia 
'■opnn  at  butb  ciiiU,  or  uheii  ronstnl  ujmn  charcoal, 
particulars  rcUting  to  the  sulphides  have  been  already 

— Many  methods  for  preparing  the  sulplii<lcs  may 

I, — Sulphur  nuty  Iw  heated  with  the  metallic  oxides, 

r decompose!) :  with  the   alkalies  and  the  alkaline 

lod  a  sulphide  with  vnnnbic  proportion!)  of 

hbtiUDcd :  bnt  when  definite  and  pure  sulphides  arr 

1«;  wlopted.      J. — Tlic  protosulphidcs 

<  4  and  alknliijf  earths  may  be  yro- 
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^iting  them  in  di 
'__  ^^^a— ««i.  carbonic  oxide  fotl 
Mjiiiril  in  water  and  freedl 
.^-^,=KS  +  4CO.   3.-Hjdii 
the  sulphides  from  thai 
:.  abe  and  ignited  in  a  en 
^^_j*  -tagisnlphidea  of  the  aUalii 
^  -,  .LA-.te  nilphates  of  the  other  of 
_^__^^  .-.^pcar,  as  veil  as  all  their  ozj 
,—     ^ — ^Many  of  the  metals  cm 
i^M^sh  it,  and  form  sulphideij 
^^aixtin  contain  sulphur  dissolved il 
_,  ,^^.    Sulphide  of  iron  is  usnal^  j 
f  ■  Milphur,  though  itself  comhiM 
p.   (  Bsny  metallic  bodies,   which  t 
.  *  «Mur.     5- — llydrated  sulpbidei  a| 
with  the  exception  of  those  0^ 
1  stream  of  sulphuretted  hyM 
-   '""     ,^,  Miojaons  of  their   salts,  when  tb^ 
,  -j.i.*  -itm.     6. — The  hydrated  sulpliii 
'"        ^^ nasi::,  and  uiekcl,  which  are  not  tU 

*  _,^-  sniEUgea,  may  be  prepared  by  doom 
"'  «-«.  *  *>l«tion  of  the  salts  of  any  o(  I 
~         ,  .aKimacof  oneof  thcalkalifiable  metal*: 4 

"".^^j^as  »  «icd  with  sulphide  of  jMitassiuni  jl 

Bh.  sj^ijhide  of  manganese ;   MiiO,  SO,-H 

^  .tii     Im  many  cases  the  colours  of 

^„  ■t:tf^,teristic  of  the  metal : — for  exam] 

*  t  jM  is  white ;  that  of  manganese  fli 
**  _  wwoii',  and  persulphide  of  tin  are 

.jt   A  jctimony  is  orauge-rcd,   and  that 
ii«.c  -■*  '™  •*  chocolate-brown.    The  sulf 
.,g^^-  ,-71,  iridium,  and  osmium  are  brovi^ 
.,1.^  I  whilst  in  a  large  number  of  inatu 


.    — *« 


^™nM*»  of  ironj  cobalt,  nickel,  uranium, 
"  "  i«f»  iilTcr,  mercury,  gold,  platinum,  and 

—  -ui&o^  julphidea  are  of  a  black,  more  or  lea 

"  ■■■»  tf  Sulpbttr  in  Metallic  Sulphides.—^ 

"»■         _^-  J,  dte  form  cither  of  sulphuric  acid  oi 
***■"  ipfcg-  in  a  sulphide  is  easily  coDTerted 

^_.  •*     "  fc  Af  ^Bocf  either  of  gaseous  chlorine  a 
S~~  •^**'  y  Ajo.  aalphatcs,  when  mixed  iu  Blighdf 
^MM-^^TT^kMciLTield  an  insoluble ntli^te of  1 
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^^^Ht  '      '''  r  it  liu  been  well  ira^bcd  vnih  boiling  iratcr 
^^H|  !  >  data   fur  tlic  oiklciilation  of  Uie  sulphur; 

^V  at  flutphntc  biaiyta  containing  34*34  of  sniphuric  add, 
H^  or  nulpiinr.  If  a  Halt  of  silver  W  pr««ent,  nitrate  of 
lmu*t  itc  employed  to  precipitate  the  aulplniric  acid. 
Muritkg  the  Rolution  of  a  Nul|>)ii(3e  in  sqtiu  rcgin,  the  sulplmr 
■fiaptnl  into  clear  j'cllow  balls,  and  tbc  action  upon  the  ore 
^^  be  coDipl«te,  it  is  not  Decenary  to  wait  till  tbc  whole 
pdpbiir  is  (IiMolvcd :  the  undissolred  portion  may  Ik  col* 
F~  -  -mall  cnunter|>otso(l  filter,  aud  wriglint,  and  it»  amount 
I  to  that  which  has  been  converted  into  eulpburic 
jtbe  proportion  of  vtliieh  in  to  be  ascertained  by  means  of  a 
b^t  in  the  manner  above  deseriiicd.  j 

^■1)  Tiir.  SBLBKinKii  and  tkllcaider  arc  cIomIv  analiigoUM 
^Bpbides   in  (general   eliaracten,  but  they  are  too  rare  tefl 
^Bbular  drncriplton.     Tlic  presence  ofKclcniiim  in  n  com** 
^Hpeadily  ascertained  by  the  peculiar  odonr  which  it  emits 
Hailed  in  the  reducing  flame  of  the  blowpipe.  J 

U)  CnLOttinea. — Id  colonr  and    external    appearance   the 
■Bchloridof  cihihit  couMitkriiitlc  variety.      Tliey  are  genemily 
W/t*  fewof  them,  such  as  the  bichloride  of  tin  and  of  titanium, 
^■oridc  of  arwnic,  and  tlie  pentachloride  of  antimony,  are 
^B  onltnary   temperatures-     Nearly  all  the  metallic  chlo- 
^Hbrga  fnaion  nt  a  heat  attained  without  difliculty,  mnny 
^Heing  partially  i-olatilizcd  in  the  operation;  but  the  chlo- 
^Hjold.  of  pIntiDiira,  of  pidUulinm,  and  of  indium,  are  ilrconhJ 
^Hipiittou,  the  metala  remaining  in  the  uncombincd  form^ 
^^Wm  of  the  other  metals  nrc  not  decomposed  by  hcafl 
^Bted  in  closed  vesselx.     Many  of  tbc  chlorides  arc  semi- 
^BbI  aAer  fusion :  in  gCDcrnl   they  are  Mcctile  compounds, 
^K«  bat  an  inferior  degree  of  hardness.     In  the  solid  form 
^Vri  liictors  of  electricity,  but  tlic  protocliloridc",  when 

^hij  :  i>o  voltaic  current,  and  cupcricnce  decomposition. 

^^on  uf  chlorine  upon  the  metals  is  generally  stronger  than 
■^  xti)  them  ;  but  if  a  metallic  chloride  he  heated  in 

^■t  ^,.Q  or  of  utmocphenc  nir,  the  chlorine  i«  riiR-lk'!!, 

^Hptide  of  the  metal  is  produced.  The  only  iuBtanees  in 
^^■^IBotopotition  dc»c«  not  take  place,  occur  in  the  caw  of 
^^P^t'of  tlie  noble  metals  and  in  those  belonging  to  the 
^^■eond  groups.  Chloride  of  magnesium  is,  hoverer,  readily 
^^■Bd  ill  tltiii  mnnucr. 
^He  caw  of  tlic  mctuls  which  hare  but  slight  affinitr  tcff 
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osygcn,  tlic  chlorides  generally  oorrespoTitt  in   oumber   iritli 
oxidi-n;  nud  for  every  chloride  «»  analogous  oxide  is  always 
taioahle;  bat  vrkcD  ttiv  nictul  cxliibiu  n  Rtrong  afiinity  for  oxyj 
luid  iorm*  a  [lowerful  ba&e,  the  number  of  oxides  frequently 
cecds  that  of  the  clilondi-ii.     When  mixed  with  water,  the  chtotK' 
of  «oi»c  of  the  a<:tclifiable  metals  are  docompoDicd.     In  irnch 
it  Bometimcs  happcus  that  hydrochloric  acid  and  the  iactaUi« 
arc  foroii-d,  ajt  occurs  when  chloride  of  tungsteu  or  the  pent 
ride  of  antimony  is  mixed  with   a  largo  <|uaiitity  of  water ; 
example,  SbCis+.5  HO  become*  SbO(  +  5  HCI.      In  other  cs 
the  chloride  is  only  partially  decomposed,  aud  a  portion  of  it  in 
with  the  newly  formi'd  oxide,  thun  producing  nti  oxyclilorjdc  of  ""; 
metal,  wbiUt   hydrochloric  acid  is  set  free.     Tcrchloride  of 
rnony,  and  chloride  of  bismuth  funii«h  in«Uincc«  of  this  kind :  tC  -^ 
3  IJiCl,+  9  H()=Hi(:i^,  2  (UiO„5  I!())+6  HCI.   Fi-om these 
it  has  been  argued  by  some  chemists   that  all  chlorides, 
put  into  nater,  decompose  tliat  liquid,  and  that  when  they 
dissolved  a  hydrochloratc  of  the  oxide  la  formed.    Thcr*?  are  stc^' 
reasons,  however,  for  doubting   the  general   applicubility  of     t^  -^ 
vioir :  it  is  found,  for  instance,  t)iat  in  many  cases,  on  crystal/ii^^ 
tion,  the  aidiydrous  chloride  is  separated  from  ttic  arjuevus  eolutiK 
as  occurs  with  common  salt :    and  when  the  chloride  of  Uic 
is  insoluble  it  is  precipitated  at  tlie  moment  of  its  formation, 
the  hydrochloratc,  but  as  the  anhydrous  chloride ;  thus  chlo: 
silver,  unhchloridc  of  mercury,  ami  chloride  of  lead  arc  depoeitod  1 
anhydrous  chlorides,  not  as  bydrochlovatcs,  on  the  addition  of 
solution  of  hydrocliluric  acid,  or  of  common  i^nll  to  one  of  Ditralt{ 
of  silver,  of  subnitratc  of  mercury,  or  of  nitrate  of  lead. 

In  many  coses  chloritic  unites  with  the  oxides  of  the 
If  the  o^i(le  of  the  uictal  be  ttoluble  in  water,  the  oxycbloride  wh; 
is  formed  is  soluble  likcnisc,  and  the  compound  is  remarlinblc  fi 
its  bleaching  pro]>ertien.     Chloride  of  liinc  (CaOCI),  and 
of  potasli  (KOCl),  furnish  iustanccA  of  this  kind.     Sometimes 
chloride  of  a  metal  combines  with  it.«  oxiile  anil  forms  an  iiisolul 
oxycliloride,  as    is  the   case   vritb    the  oxychloride    of  ni< 
(3  HgO.llgCl).      It  is  a  still    more  frequent  occurrence   that 
chloride  of  one  of  the  alkali6ablo  metala  combiucs  with  u  chlorii 
of  one  of  those  metals  whieli  have  a  feebler  attraction  for  oxygci 
and  the  oxides  of  which  partake  rather  of  the  character  of  aeii 
than  of  bases.     Thus  we  have  a  double  chloride  of  platinum 
potasaium  (KCI.FtClj}  and  a  double  chloride  of  gold   and   sodiai 
^AaC/,/\uCI,+4Aq). 
•ji.'      frfpiiralion.-^l.  Many  oi  t\\6  mrtx-Wvi  (MotiA**  iaa;i\at 


rKUAUATIOH  or  HKTALUC  CBtORIt>C». 


325 


1i 


■m 


iMiiupl 


,b>>U> 


nnni. 


'  ifi  ft  current  of  dry  chlorine:  in  tfais  wmjt): 

■\iv  lunl  iron  arc  procured.     2. — If  thelnsii 

hnU«d  tu  reilncss  in  a  ctirrent  of  dry  clilorino,  oxygen  is 

utd  B  clituriilc  of  the  metal  rctnaiiiB ;  but  this  process 

lU-tl  for  pmciinnj;  tli«  clitoriilcD.     -}. — Tliv  Htilpliitlm  ar 

if  nturti  ruailily  dcoompoeeil  by  a  current  of  gawoiu  clilorinc 

Dxitlco:  owitit;  tu  the  Ktrong  aflinity  of  rhlorino  for  sul. 

the   sulphur  and   the  metal   combine   irith  the  fftMjf, 

of  sulphur,  anil  n  motallic  chloride  being  produced.    This 

howcrer,  is  seldom  employed  except  in  the  conrse  of  an 

4. —  Iti  caves  vrlierc  llii'  chloride  is  volatile,  like  thst  of 

uf  ijluciuum,  and  of  titnuitim,  the  oxide  of  the  metal  is 

■■•'■    -harcoul,  and  n  current  of  dry  chlorine  is  trsnsmittcd 

lire;  the  charcoal  remorcs tiie oxygen  in  tlie  form  of 

oxtde,  and  the  chlorine,  uniting  with  the  nivtikl,  forin»  a 

I  wlttch  volstilixcs  anil  bocomei^  condensed  in  the  oool  part 

■piwmtus.     5, — 'In  many  coses  the  chloride  may  1>c  obtained 

iiig  dry  hydrocbloric  sciil  gu  over  the  oxide  or  the 

,.    .,,    the    mcta]    bculcd    to    lovr  redneft,   the  nSinity  of 

for  oxygen  and  for  sulphur  greatly  facilitating  the  pro- 

'  llio  decomposition.     6, — Au  easier  method,  in  cases  vrhore 

'•'i.->-l.',  (?(>ni>i.'«tt  in  (li»aolving  the  incisl  itself,  it*  oxide,  or 

.  in  hydrochloric  acid,  and  evaporating  the  solution  to 

ur  till   cryKtallixation  oommcnccf.     Chloride  of  cobalt,  of 

,  «i)d  uf  calcium  may  bo  thus  obtained.     This  process,  hoir- 

lu  many  cases,  particularly  in  the  dsM  to  which  tlie 

iiridea  of  magnesium  and  aluminum,  for  example, 

,    Ik]  when  tlicir  solutions  arc  eva|K>rated  in  contact 

air  or  with  oxygen.  7. — Ira  some  cases  clilorides  of  tite 
'lov;  of  gold  Aud  pintinum,  are  oUained  by  dis> 
..d  in  aqua  regia,  and  decom|ioaing  any  excess  of 
nd  by  nraporatioi)  with  on  excess  of  hydrochloric  acid ;  a 
■  of  thfi  metal  may  be  obtained  on  rc-dissolTin;;  the  rc- 
T.  8. — Many  of  the  cliloriilcs  of  the  more  eteclro- 
lis  are  dcootujmsed  irhcn  heated  nith  the  more  basy> 
Bichloride  of  tin  may  tfaui  be  obtMned  by  hunting 
Su  with  an  exc<^i  of  corrosive  nublimate;  aud  tcrchloride* 
lay  and  bismntb  may  be  obtained  in  a  similar  manner. 
tliti  procviMi  lA  employed  for  the  purpose  of  itolatil 
■  rtal*  tlio  osiilcB  of  which  riAiet  docompunition  by  tlie  ' 
^1  In  this  way  sodium  ia  cmpluyeil  to  decompose  the  dili 
^^Wlnminnm  or  of  magnesium  lor  the  purpose  of  jirocnrit 
^^^^^nn)  or  mi^piirsiLiii)  iii  an  uncombined  form  ;  and  m  9. 
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similar  manner  potassium  is  employed  to  decompose  the  pn}l» 
clitoride  of  uriuiiuni.  y. — The  iiuolubie  chloride*,  auch  as  thowoj 
silver  and  lead,  and  subchloridc  of  mcrcuiy,  may  be  formwl  l>jr  tlie 
iiilditiuii  of  hydrochloric  acid,  or  of  a  soluble  chloride,  to  a  aolutioii 
of  the  salts  of  these  metaJs. 

DecompoiHioju,—K]\  the  metallic  chlorides,  excepting   tliosB 
of   the    nietaU   of  the  alkalies    and  eiirths,  are    reduced   whftt 
su nicici I tly  heated  in  a  bri§k  current  of  hydrogen.     In  manycasci 
the  reduction  is  easily  cfiectcd,  and  tluK  proccM  is  oceasionally  tt' 
sorted  to  as  B  means  of  procuring  certain  metals  in  n  :>tate  a 
puriiy.      Iron,  for  uxumple,  nmy  be  obtained  in  fine  cubic  cryetai 
by  reducing  the  protochloridc  of  the  metal  in  this  manner.     It  ■ 
necessary,  however,  to  nmintain  a  (^nrrentof  hydrogen  of  sufficioi 
rapidity  to   carry  away  the   hydroclilorie   acid  from  the  reduce 
metitl,  OS  othcrwiMC,  iu  moit  cilkcm,  the  chloride  would  lie  reproduce 
by  the  decomposition  of  the  acid.     All  the  soluble  chlorides,  wlwfl 
heateil  with  »ulphuric  acid  nud  black  oxide  of  maDgaticse,  evoln 
chlorine  gas.     Other  particulars  relating  to    tlie   chlorides  ban 
been  already  mentioned  {313,  ji^). 

(44j)  kst'wtation  of  Chlorine  in  Afetatlic  Chloridet. — Chlorin 
is  almost  always  estimated  in  the  form  of  chloride  of  silver,  lO 
parts  of  which  represent  ~-i'~4  of  chlorine.  Tlie  solution  shoul 
be  acidulated  with  nitric  acid,  and  gently  warmed,  and  then  th 
nitrate  of  »ilver  should  lie  added.  If  iodine  or  bromine  l>e  prcaen 
it  will  be  prceipilated  with  the  chlorine,  and  must  be  dclermine 
ttcparately,  and  the  corresponding  weight  of  iodide  or  bromide  d 
silver  deducted. 

The  coinpositjon  of  an  iuaoluble  chloride  or  of  a  basic  chlorid 
may  be  determined  by  boiling  a  given  weight  of  the  componni 
with  a  pure  solution  of  potssli,  and  tlicn  determining  the  i|uantit 
of  chlorine  iu  the  alkaline  solution  by  means  of  nitrate  of  silver:  bs 
fore  adding  tbe  solution  of  silver,  the  alkaline  liquid  must  be  (ilteit 
from  the  undissolved  metntlic  oxide,  and  acidulated  willi  nitric  aa 

(446)  The  Bromidke  (328,329)  closely  resemble  the  chlondl 
in  chemical  charactcrH :  the  bromides  of  the  metals  of  tite  aikaUi 
and  alkaline  earths  may  he  prepared  by  digesting  a  solution  of  til 
alkali  or  of  the  earth  with  bromine  iu  xlight  excess ;  a  bromide  an 
a  bromatc  of  the  metal  are  thus  formed,  aud  by  gentle  igaitiou  thi 
bromate  is  decomposed,  leaving  a  pure  bromide  :  a  small  quantit 
of  charcoal  may  be  added  previously  to  the  ignition,  by  which  tb 
deoomposition  of  the  hromatc  is  more  easily  effected.  The  hrontifl 
is  removed  from  the  exce»»  of  charcoal  by  solution  in  wato 
be  other  bromides  may  be  ^I0CVttei^l1*^lKt'«.\*»>''^»RTO«*aUl 
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Iroiume,  cither  in  a  dry  state,  or  in  llic  prcwiicc  of  wmtcr.  They 
ue  aUo  easily  formed  by  dissolving  the  oiidea  or  the  carbonates 
ID  faydrobromic  actd, 

Bromiae  may  be  precipitated  from  its  solutions,  and,  in  the 
alneiice  of  chlorine,  its  (|iiautily  may  be  estimated,  by  mefins  of 
ntrate  of  ailver,  vhich  occasions  a  white  preciyitato  of  bromide  of 
•Ircr,  loo  parti  of  which  contain  4r47  of  bromine.  If  chlorine 
be  present,  the  precipitate  will  consist  of  a  mixture  of  the  bromide 
and  chloride  of  silver :  it  must  be  collected  and  weighed,  then 
tfgeited  with  metallic  zinc,  and  a  drop  or  two  of  sniphiiric 
acid ;  in  a  day  or  two  the  xinc  will  have  reduced  the  bromide  and 
(Uoride  to  metallic  ailrer;  this  must  be  well  washed,  dried,  and 
weighed.  It  should  be  wholly  soluble  in  nitric  acid^  since  if  it  be 
act,  a  portion  of  the  precipitate  has  e^^cajied  ilecompuKition. 

Prom  the  above  data  the  relative  proportions  of  the  bromide 
chloride  of  ^iIre^  may  be  c-alciilated  : — let  m  be  the  weight  of 
mixed  bromide  and  chloride,  and  let  s  be  the  weight  of  the 
laced  silver ;  Umhi  if  x  represent  the  proportion  of  bromide,  and 
:  of  chloride  of  silver,  it  will  be  found  that 
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m  =  j-  +  jf,  and  *  =  r--,'^  +  r^y. 
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■ansetinenlly  ',  or  the  bromide  of  silver  in  the  mixture,  =  in  —  y; 
nd  y,  or  the  chloride  of  silver  in  the  mixture,  =  5"6j34  *  — 

(+46  a)  The  loDiDKs  (332)  may  be  formed  by  processes  analo- 
pas  to  thow  employed  for  the  bromides :  the  insoluble  iodideo, 
<Kh  as  those  of  silver  and  lead,  may  he  obtained  from  a  solution 
tf  iodide  of  potassium,  by  mixing  it  with  a  solution  of  the  metallic 

Bit. 

The  iodides  exhibit  a  strong  tendency  to  form  double  salts,  the 
iodides  of  the  strongly  hasyloui  metals  eombining  readily  to  form 
mrstallizablc  double  iodides  with  those  of  the  electro- negative 
BtelaU,  such  as  those  of  niivcr,  mercury,  and  lead.  The  iodides 
■Iso  form  double  compounds  with  the  oxides  and  chlorides ;  for 
eumple,  there  are  several  com|)Ounds  of  the  iodide  with  the  oxide 
of  lead ;  ond  a  combination  of  bichloride  of  tin  with  the  protiodide 
I'rf  that  metal  (SnltSuCl^l  may  be  obtuinoil  in  orange>coIoured 
oystals. 

The  quantity  of  iodine  in  a  solution  which  contains  iodides,  if 
he  absent,  may  be  estimated  by  the  addition  of  nitrate  of 
slightly   acidulated   n-it)i    nitric    acid:    the    TesultVog  WS- 
iodidc  of  «Urcr,  whea  collected  aiid  dried,  coat»n*  5V° 
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per  cent,  of  iodine.  If  clilorino  or  brotninc  be  prcscDt,  the  lodiat 
must  bo  prccipiuttetl  hy  iiivxiin  of  iiitniU;  of  piiiludiiun  ;  tlii^  ]>reci- 
pitatu  must  bo  allovod  to  subeido  duriug  ten  or  tndrc  hours,  and 
it  may  tlicn  )>e  collected  on  n  filter:  thn  prrcipitate  i.-*  iiisolalilc 
in  cold  diluted  uitric  or  hydrochloric  acid,  but  soluble  iu  ftmini^ 
nia.  It  coulaiiis  70-0  per  cent,  of  iodinv.  Iodine  may  alw  IM 
tcparatcd  from  bmmiiie  and  chloriue,  bat  lew  perfectly,  by  I 
mixture  of  prutosulphutc  of  iron  uiul  sidphatc  of  copper  (744). 

(447)  FttroRiDES. — 'file  geiioral  proiterties  of  these  coiupound 
have  been  slrcudy  i^tatcd  (33'J)-  The  Ibioriiln  are  aeually  prcpuS 
hy  the  direct  eomhiiiaLioii  of  liydrotluoric  acid  nith  tlie  nictallil 
oxide.  TliOsc  which  arc  insoluble  may  be  proeum)  by  mixtngl 
solution  of  the  metallic  salt  with  one  of  fluoride  of  |K>laiciium  01 
of  sodium. 

ErttMation  0/  Fluorine, — A  Himplc  metliod  of  delecting  and  f 
approximativcly  estimating  fluorine,  «hcn  present,  crcn  ia  veij 
small  ijiiantitioA,  has  been  propiued  by  ]>r.  G.  Wil»on.  Tlie  6A 
lowing  is  the  process,  slightly  modified : — the  substance,  if  it  doe 
not  alreaiiy  contain  silica,  i«  mixed  with  pounded  gla**,  plaued  iu  I 
retort,  and  matle  into  a  tbiii  crenm  nith  oil  of  vitriol ;  the  mixtun 
is  next  heated,  aud  distilled  into  a  flask  containing  n  Kiluttona 
ammonia;  the  fluoride  of  ailicon  comes  over,  aud  is  iranie<ltaiet 
dccuiiipixscd  :  on  evaporating  the  liquid  in  the  fla^k  to  dryness  OR  I 
WHter-baCh,  the  itilica  ia  rendered  insoluble,  and  can  be  collected  aw 
weighed,  whilst  the  lluoride  of  ammonium  may  be  dissolved  onl 
with  a  little  water,  aud  the  preaenee  of  linorine  shown  by  luixin 
it  with  oil  of  vitriol;  the  vapour  which  is  evolved  produce*  thi 
usual  corrosive  action  of  hyiirofluoric  acid  on  glass  (33S) ;  tlic  pro 
portion  of  silica  iu  the  insoluble  residue  to  the  fluorine,  howeva 
is  not  very  utufunii' 

(44^)  XiraiDEs. — It  is  not  improbable  that  the  fatminatin 
compounds,  obtaiued  by  dlgcJtiiig  the  bydrated  uxidut  of  gold>  t 
silver,  and  of  platinum,  iu  a  solution  of  ammonia,  may  owe  thei 
explosive  character  to  the  formation  of  a  uitridc :  tl>c  oompositin 
of  these  ho<lies  lia*,  however,  been  but  imi>erfectly  investigated,  0 
account  of  the  ease  with  which  they  explode.  So  weak  is  the  afliuit 
of  nitrugen  fur  moet  metallic  bodieit,  Uiat  u  »light  alteration  of  cil 
cuuistauces  often  suiGoea  to  restore  it  suddenly  to  the  gaseous  stati 
Nitride  of  copper  is  formed  by  pawting  dry  ammonia  over  oxide  fl 
O0p[)er,  at  a  temperature  not  exceeding  4^)0'*,  io  which  case  wate 
is  formitl  at  tlic  eipensc  of  the  hydrogen  of  the  ammonia  and  th 
oijrgva  of  the  oxide,  uu<l  ^rl  of  the  nitrogeu  escapes ;  tboi 
CuO-t-2  JijN=CaaN  +  6  aO+'^.     "i^Ante (A timsksmtj  laa.^  I 
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^^^  ptuuiuf;  DmiDuiiia  over  oxide  of  mercury  in  &  umilar 

Titauium,  iiuilylidRuuin,  ami  rnnadium  aluurb  nitrogca 

«  red  liut. 

■"■      riiospiiiDLs  of  tJie  mcUlii  wis  of  comiiiu-aUvely 
'    :..c:  tlity  are  never  met  with  in  the  natiro  state. 
Mpbidtti  of  tite  metiils  of  the  ulkslies  aiid  ttlkahitc  «u-tlui 

WDt4:r  whtnitbroiTD  into  it;  self-H^htiiiK  pliMpbiiretted 
1  IB  diwuipigcr],  nitti  n  hy|H>[i)iosp1iiic  of  tliu  h\uw  ix  rctiuncd 
Iq  aomo  cattm,  as  for  eiamplo  iu  that  of  phosphide  of 
ttu;  jihOAphulo  in  fonncd  by  hcnting  the  oxide  strongly,  and 
he  t'kponr  of  pbo^phorua  over  it  -  in  this  case  it  is  mixed 
iqps  proportion  nf  phoi»ph&tc  of  lime.  The  inraluhtc  photi- 
lay  oflcii  be  nblaitted  by  Iraiiiimittiiig  a  current  of  phos- 
i  hyiXrtfgcu  through  a  ralucion  of  the  aalt  of  tlie  metal  in 
iboapbidos  of  capper  anil  silver  loay  be  thus  obtained, 
to  lieated  in  air  tlie  phosphides  arc  converted  into  phoa- 
\r  into  pbosphorio  acid,  nliile  the  metal  U  liberated. 
}  CARHiur.it. — The  only  carbides  of  importance  are  tlioseof 
dt  wit)  be  c»n»ldcre(l  lu  detail  wlicn  trnatin];  of  that  metal. 

',  palliulium,  iridmm,  and  a  fow  other  metals,  aUocoiu- 

carboii ;    generally  xjMsikiiig,  tliCHe  carbides  are  more 
nui  the  nintals  trliiL-h  eiitcr  into  tlicir  formation. 
jD!f  xso  nonoN  form  with  the  nictul.-'  aiudogoiu  compounds 
importoiieo, 

Hri>iuiii:s. — Hydrogen  i*  not  kiioirn  to  combine  vith 
M)  fi*nr  metide;  viz.,  anenic,  antimony,  copper,  and 
The  lir*t  Ivro  of  ihcme  oomiiound*  are  gaseous,  and 
BpOMMl  by  a  red  beat  into  metal  and  hydrogen  gas.  A 
ride  of  araetiic  is  aliio  *Ai<l  to  exist.  A  few  metals,  such 
Hid  (iota»sium,  apjiear  under  peculiar  circumstances  to 
IHTiial  voUtitizatiun  along  with  the  hydrogen  at  the 
that  this  gas  is  erolved. 

}  m.  TiicoRY  or  Salts. 

'  JJtisft. — It  has  already  been  stated  {6)  tiiat 

—— .     1^1  i"  proilucud  by  the  union  of  a  base  with  an 

nnod  a  salt.      It  is,  liowcver,  necesMry  to  examine  more 

tntu   tlie  nature  both  of  ba<«s  and  of  acids,  and  into 

iihiiiiii!*  fimued  by  their  combination  with  eacli 


Jiujic,  in  lueanl  a  iKidy  always  of  a  compound 
itljr  KA  u:^d«  of  a  motidy  which  is  capa1»\c  of 
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uniting  irith  nn  ncici,  nud  of  more  or  lew  conpletdj  turBtn^ 

the  (liittiiictiire  characters  of  that  acitl.     A  base,  however,  il 

necessarily  a  metallic  oxide ;    ammonia,  titiinia,    nnd   Boq 

for  example,  are  powerfiil  bases,   but  they  oontain  no  nlj 

Bobetancc.  1 

Beudes  the  class  of  salts  formed  by  the  combination  of  n 

vith  a  base,  there  is  a  numerous  and  important  M.-ncinj 

DCitJicr  acid  nor  base  is  present,  and  of  which  rommou  mI 

familiar  inntancc.     Wc  proceed  to  indicate  the  points  of  <£■ 

And  agreement  between  thc»e  two  kinds  of  salts.  I 

(453)  Oxyacida  and  Jlydracidt. — When  Lavoisier  impMl 

name  of  oxygen  upon  one  of  the  eoii»tituents  of  t)ie  atmospU 

supposed  that  the  presence  of  that  energetic  body  wa»  WH 

the  existence  of  an  add ;  and   tlii«  view  waa  »up|iortifl| 

known  composition  of  the  principal  acids,  such  as  the  nM 

the  »tdphurous,  the  nitric,  the  carbonic,  the  phofphorieun 

boracic  odds.    An  acid  was  then  considered  to  be  an  oadi^B 

more  or  len  aoluhlc  in  natcr,  with  a  sour  ta«te,  ca]iablc  of  n 

ing    vegetable   blues,    and    entering  into  combination   vilj 

alkalies,  the  diatinctivc  pro|>crtics  of  which  it  ncutralixed.  | 

By  degrees,  however,  acids  were  discovered  in  which  do  fl 

could  be  detected :    such,  for  cjtampic,  as  the  hydrodildd 

hydriodic,  and  the  Iiydrobromic,  into  the  oompo&ition  of  ri 

hydrogen  cntont ;  yet  thc«e  bodies  wcrt-  found  in  other  m^ 

corre«|)ond  perfectly  with  the  above  dcliuition.  and  to  poiq 

the  ebaracters  of  powerful  acids.     To  meet  this  objoctij 

tlieory  was  modified,  and    the  acids  were  dtTideit  into  twq 

clueses,  tin:  6r»t  of  which  comprised  the  oxya^d$,  such  a*  d 

phuric,  nitri^  and  otlters  of  analogous  comjiosition,  fai  v 

was  supposed  that  the  acid  properties  depended  on  ''  ^ 

oxygen ;  the  second  claaa  wiw  formed  by  the  hydrcc'  ■  .        1, 

hydrochloric  aud  hydriodic  acids,  in  which  the  acidifyinj  pi 

vAn  asiiumcd   to  be  hydrogen.     It  was  ooticet),  (hat  «kM 

belonging  to  eilhiT  of  tlieae  classes  combine  with  raefl| 

pouiuls,  and  form  neutral  combtnaticniB,  tlic  adds  do  ■■ 

directly  with  the  mctnla-   the  combination  is  alwaya^l 

oxitUt :   sulphuric  aad,  for  example,  has  no  ncliiin  D|laH 

copper,  but  it  quickly  dissoLrca  ita  oxide,  fomiirjithe  Uaej 

of  sulphate  of  oxidt;  nf  copper.     On  applying  heat  so  i^M 

the  suit  anhydrous,  it  wiui  found  tbai  the  MtlU  of  ibe  oflj 

which   sulphate  of  potash,  KO,SO„  may  bu  taken  ••  !■ 

might  be  rcpn  -        ^        "        ■      r  'T"'  "-^        '     h^ 

the  union  of  t    1  -.Jm 
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wliilp  a  hydncid  (such  for  iostanoc  is  bydrocbloric 
inilEsI  nitli  u  luw  aacli  u  Kidn,  yields  a  body  like  com* 

(NnCI),  whicJt  when  dry  contauts  neither  liytlrocliloric 
oda,  the  nulicle  of  tlie  nci<l  being  loft  in  comhinittion 
aetal  it*olf :  XaO+  HC'I  yielding  NaCI  +  HO.  Thus,  io 
if  the  »alta  of  the  hydnicihils,  it  will  be  obserred  tliat  the 

the  oxide  U  precisely  auflicient  to  oonvort  the  hydrogen 
I  into  Wfttcr :  tlii«  nnion,  indeed,  actimlly  tdtes  place,  und 
Mk  formei)  is  expelled  on  tlie  application  of  heat.  It  thus 
M  aJtbuugh  compounds  pixxlucod  by  the  union  of  «n  ncid 
le,  uay  be  correctly  dcai|;iiated  salts,  it  would  lead  to  a 
lomaly  ncro  tlic  term  snit  to  be  confiBCd  to  compounds 

the  conibinatiou  of  any  acid  with  a  base,  since  such  a 

would  exclude  common  table-salt — ^hc  very  subttaiice 
h   the  term  salt  uas  originally  derived :  table-salt,  it  is 

bo  formed  by  the  union  of  hydrochloric  acid  with  the 
I  bat  the  oom|K>iiiid  when  dry  contains  neither  the  acid 
luili  which  w:ui  used. 

viata  this  dii!iciilty,  it  waA  proposed  to  subdivide  salts 
lama, — the  first,  like  nitrate  of  potash,  being  formed  by 

of  an  oxide,  such  as  pota»h  uitli  an  oxyacid  auch  as 
I  tluAc  were  tcrmnl  oxytatts :  the  other  class  being  pro- 
the  combination  of  u  metiil  witi)   the  cliamcteristic  cle- 

hydrogcn  acid.  Tlie  salts  of  the  second  class,  being 
iBpn  tix  same  plan  or  ty])e  »»  sea-salt,  were  termed 
Hpom  oAci  'the  sea*).     This  distioctioD  is  generally 

oy  chemical  writers  of  the  present  day. 
Butary  Theory  of  Salts. — ^Thc  foregoing  obsorvatiom  seem 
bat  there  ia  a  marked  differenoe  between  the  conipositioti 
raetd  and  the  hydracid  scries  of  salts.  The  separation 
^^wo  ehuseH,  one  consisting  of  the  salt«  of  the  oxy- 
^k  other  of  tltose  of  the  bydracids,  ia  not,  however, 
Ble.  A  liypothcsts  wa.*  advanced  by  Davy,  which  re- 
Alta  under  one  class,  aud  refers  thcra  all  to  the  hydracid 
>loa  thia  view — frujucnlly  termed   the  binary  theory  of 

tho   hydratLtl   acids  are   regarded  aa  salts    containing 

in   the   \i\aix  of  a  metal,  to  that  oxide  of  hydrogen, 
lets  the  part  of  a  feeble  base  to  the  anhydroua  acida. 
'  those  of  lliu  oxyaeids  which  can  l>c  obtainnl 
^  no,  sncli  for  example  as  the  sulphuric,  the 

■feuaphitric,  the  carbonic,  and  tbe  boracie  anhydrides, 
^m:  properties    ^ciiornlly    iitluiilli-d    to    consti- 

^^i^^^iiracter.     Sulphuric  anhydndcj  for  mateuCC,. 
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docs  not  redden  i1rj  litmus;  it  miy  be  mouMcd  in  the 
without  tujury ;  but  vben  once  it  liu  [Miaed  luto  the  h 
form,  which  it  ipcedily  doca  by  abnorbtng  moixtnre  fnnn  tli 
oorrodeii  all  organised  sub&tancrs  with  gre«t  fLctivitv.  1 
liODic  and  U  also  without  action  on  titmiM.  ^'bni  ouch  (km 
liave  eul(>rcd  iuto  conibitiatioii  with  wator  they  may  \>e  rc|i 
fts  hydrncids  by  a  iliglit  modilicatiou  of  the  onliitnry  formti 
nitric  acid  (HO.NO.)  may  lie  expreaaetl  as  (I1,N0^),  coi 
witJi  hydrochloric  add  (H.Cl) :  each  atom  of  their  liydrab 
heated  in  contact  with  a  t>ii»e  or  a  metidlic  oxide,  i^vea  off 
of  vratcr,  in  n  maoDcr  preciwly  aualogous  to  the  hydracidi 
examined.  One  wjuivnlenl  of  oil  of  vitriol  treated  witli  i 
lent  of  osidc  of  lead  would  thus  produce  in  equivalent  of 
of  lead  aiid  nn  equiralent  of  water;  H,SO^+PbO  t 
Pb,SO,+  HO. 

Upon  this  tlieory,  th«  compounds  which  clicmbia  lum 
the  liabil  of  coniudering  as  liydratcd  acids,  would  be  rag 
aalts  coinpoKcd  of  a  compound  radicle  (couMMing  iif  the  ai 
acid  +  an  equivalent  of  oxygen]  united  with  an  cqnii 
bydrogeu.  Tlic  other  salts  of  the  arid  would  be  fon 
these  hydrogen  compounds  by  the  displaceineiit  of  the  1 
fa;  an  «|nivalcnt  amount  of  each  of  the  different  met) 
enter  into  the  composition  of  the  Tariooa  salts,  and  * 
indicntpd  by  their  rcapcctivo  nnmos.  A  very  simple  evpla 
in  thia  iiiaiincr  aflbrded  <if  the  libcnttion  of  bydrogpii  wlie 
Hutphuric  acid  is  acted  upon  by  »nc ;  the  £mc  simply 
into  combinntiun  with  the  radicle  of  the  ncid,  and  disj^l 
hydrogen;  thus  H SO,  +  Zn become  ZnSO^+U;  otiil  Itn 
ia,  upon  thi*  view,  perfectly  analogous  to  that  of  the  a* 
upon  hydrochloric  acid  ;  IlCl  +  Zn  =  ZuCl  +  H. 

litis  ck'gnut  hypolhcMs  long  rcraftiiied  nn  tiomppi 
fruitless  speculation  ;  but  the  reBe*rcliC9  made  in  the  de 
of  organic  chemistry  have  increased  its  prohahilily 
in  particular  casea  received  direct  experimental  o ' 
tbo  voltaic  researclica  of  Daaiell.     It  wna  (bund  b/  Ml 
and  myself,  tliat  if  a  currentuf  voltaio  dectrii-i     "      i  Iwi 
cells  of   Grove's   oonstructiuu  wor«  traosnn 
nitrato  of  silver,  tlic  salt  was  readily  dccompoicd,  but 
silver  in  cryslals  was  di'pnaited  upon  !'       '  -       '     wbil 
and  the   nitrli-  acid   |iaH«e«)  to  tlir   ■  'hat 

oircumatancrs,  the  nitrate  of  siU'er  (A|;U,Ni 
Afi  and  NO^  ;  the  ^'^  '       '     . 
into  red  fiimc-s  of  |i<  . 
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experiments  vhidi  further  illustrate   ttiU  point  will  be  described 
I  kirarker  (868). 

A   good  iDstance  of  the   sdvaitta^eous  application  of  Dary'a 

is  uffonlGcl  by  the  different  modilicittioiis  of  phosphoric  iKiitl, 

I  leading  peculiarities  of  wUieh  have  l>eeu  already-  descrit>cd  (369)- 

'  example,  the  formula;  of  the  three  different  varieties  of  phoa- 

of  soda,  when   re|ireAontcd  upon    the  ordinary  view  of  their 

Bpoettion,  may  be  thus  contrasted  witli  those   of  the  same  salts 

the  binary  theory',  oiDittiiij^  their  water  of  crystallisiatioD  :— 


MctapUiMpl)Al(-  of  soda  .  . 
Frropho«vbal«  of  soda  .  . 
^b«no  pho«pliat«  of  Boda . 


NdO.PO, 
3  NaO.PO, 


Na,.PO. 


Each  modifieation  of  the  acid  forms  a  corrcspondin;;  phosphate 

hydrogen,  the  three  wtmpoimds  with  hydrogen  being  ii^iiBtly 

dered  as  three  distinct  hydrates  of  pljosphoric  acid,  or  phos. 

*«  of  water ;  but  which  may  be  represented  upon  either  view, 

'  dam  pie : — 

Mrtaphosphatcoririitor.    ...    I       HO.POj         H.PO, 
P|TO|>ho»phaUi  of  wawr  ....  a  HO.PO.  Hj.PO, 

OnUnary  jihosplute  orw>t«r   .    .    |     3  HO.PO,         B,.PO,. 

Much  dilTiculty  in   comprehend ing  tbu  anomulous  relation  of 

I  llwBpboric  acid  to  water  is  removed   if  each  modification  be  con- 

•ilcrcd  to  poweMt  a  different  rudicic,  wliich  regulates  the  TAiying 

I emstitutioQ  of  the   three  classes  of  salts;  a  view  which  is  found 

I  tot  to  be  inconsistent  with   the  results  of  voltaic   docompo:<itton, 

fliUch   indeed    are    moet    readily    explained    by    its    assumptioa 

(DuiicU  and  Miller,  Phil.  Trann.,  1844,  p.  4).     Upon  this  theory 

b  i«  ertdeut  that  m>   long   as  each   radicle  possesses   its  peculiar 

1  nutitutioo,  it  will  require  its  own  characteristic  number  of  atomi 

[tf  bue  to  form   a  salt;    on  the  okl  bypotbeHlH,  however,  there 

to  be  no  satisfactory  reason  why,  in  tiic  aqueous  solutions 

acid,  sometimes  one  atom,  aomctinieit  two,  and  aometimea 

atoms   of  water  should   be  displaced   by   a   corresponding 

nber  ofequivulenla  of  a  biv>e.      lu  order  to  render  this  evident, 

tuBrt  be  remembered  that  water,  when  in  combination,  playa 

distinct   part*  {291).     The  water,  cliemicully  united  with 

■  hydrates  of  phosphoric  acid,  acts  the  part  of  n  base,  and  is  in 

[icDiHlitioa  very  different  from  the  water  of  cnj^ati'xsalian  which 

'  -     latltKcd  salts  contain  in  the  dry  or  solid  form,  and  which 

.to  the  po»cwion  of  their  peculiar  crystalline  shaYte. 

Ordinary  f homhie  phmphaie  of  fioda  presents  wattr  acting  Xmftv 

I  a  bate  MuU  a*   ira/ei-  of  crystalliiatwa.      The    const\tut\ovi  o^ 
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B'thifi  salt  may  be  represented  by  the  formula  (Nft,H,PO^  4-  24  Aq 

■  Tlie  14  atom*  of  water  of  crystiilliKiition   are  expelled  by  a  ten 

pcraturc  below  300°  F,     If  ttic  residue  be  dissolred  in  wat«r,  tin 

solution  presents  all  the  clmractcn   of  a  soltittou  of  the  origiu 

salt,  and  by  eraporation  tlio  phosphate  of  soda  is  recovered  in  it 

original  cryttnlline  form.     If,  however,  the  drj*  rwiduc,  NaflliPO, 

be  heated    to    redness,    an    additlonul   atom    of  water  p-soapa 

the  rndielc,   PO^,   is   partially  deoxidized   hy    the   hydrogen; 

ncn-  radieic,   FO.,  is   formed,  and   entej^  into  comhinatioi)  wit 

Nn,  ;   N«jIl,POy  becomes  Nn,,POj  +  HO ;  and  on  dis«)lnng  thi 

residue  after  ignition  in  water,  a   new  salt,  the  pyrojihosphatc 

soda,  is  produced.    In  like  manner,  if  the  acid  phosphate  of  sodi 

NaHj.PO,,  lie   heated  to   redness,    the   two  atoms  of  hydrogei 

_  TcnioTc  two  equivalents  of  oxygen  from  the  radicle,  PO^,  wWc 

pthen  become*  PO,;  NaHj,P0g=Na,l»0(+2  HO. 

Binary  compaunds  arc  such  as  consist  of  two  elemcnta  onjy 
chloride  of  sodium  (NuCl),  therefore,  is  a  binary  compound ; 
if  all  salts  be  assimilated  to  this  type,  it  is  assumed  that  the  groni 
ing  of  their  molecules  resembles  that  which  occurs  in  this  binar 
compound.  Upon  this  view  all  salts  consist  of  two  ]>ortions : 
con)prisiitg  the  distinctive  constituents  of  the  acid,  and  oonsiatil 
^ther  of  a  non-metallic  elenientai-y  substance  (chlorine,  CI,  ft 
example),  or  el«c  an  equivalent  compound  body  (such  as  salpbicni 
SO^),  which  is  termed  the  radicle  of  the  salt;  the  other  is  nthi 
ft  motiil  {sodium,  Na,  for  instance),  or  else  a  compound  like  am 
monium  (1[,N),  equivalent  to  a  metal,  and  which  Graham  call 
the  />asy(  of  the  salt.  The  hydrated  acids  arc  regarded  mereljr 
Baits  of  hydrogen,  which  in  combination  comports  it->clf  like 
melal,  and  which,  for  aught  that  is  known  to  the  contrary,  oia} 
really  he  a  melullic  vapour. 

(455)  Objections  to  the  Binary  Thtory. — Notwithstanding;  tht 
ingenuity  of  the  fureguing  theory,  and  the  advantages  which  it 
oGTers  in  the  explanation  of  certain  modes  of  decomposition,  it  il 
open  to  many  serious  objections ;  and  indeed  it  cannot  be  regvdd 
as  a  correct  representation  of  the  composition  of  a  salt  uiuler  M 
circumstances.  « 

A  few  of  these  objections  may  be  pointed  out : — 

1,  None  of  the  compound  radicles,  SO^.NOj.COj,  have  beenoV 
tained  in  an  isolated  form,  nor  is  it  probable  that  they  ewr  will  hr 

2.  It   appears  to  he  highly  improbable  that  a  body  of  such 
powerful  atTmitics  a-s  pota»li  should,  in  carbonate  of   potash  for 

example,  p&ri  vith  ita  oxygen  to  a  aubstance  which,  like  carbonic 
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no  tendoDc)'  to  furtlier  oxidntioDj  so  that  KOjCOj 
jine  K,CX)j. 

Iier,  if  tbia  theory  bo  applied  to  ibc  ordioftrr  saJts  of  the 
rnatoii  can  bo  na^igiioil  why  it  fhoiild  not  be  equally 
•  to  tbo  corresponding  sulphur  compoundH,  and  then  the 
ITctiau«   and    tucoiiniateiicics  aristitig  from    its  application 
I  still  more  sppnrent. 

fc  coucluHou  which  u  careful  review  of  the  arguments 
Hponis  to  reader  moat  probable  is  this  :  rii;.,  that  a  salt. 
He  formed,  mu^I  be  rt^rdcd  as  a  irholc  ;  it  on  do  longer 
,cd  u|Kiii  as  conaiHtiug  of  two  distinct  parts,  bat  as  a  new  sub- 
aiNintaitml  in  its  existing  condition  by  the  mutual  actions 
the  elements  which  compose  it.  These  different  elements 
t  all  united  wjtli  each  other  in  c\'cry  direction  with  an 
imouiit  of  force.  As  in  a  crystal  there  are  certain  directions 
riutlio  Quus  admits  of  cloavngo  with  greater  facility  than  in 
^Pd  M  two  or  three  different  direetions  of  cleavage  may  lie 
m  the  same  crystal  by  varying  tlic  ilircctioa  in  which  the 
aptietl,  M]  ill  the  same  salt  there  are  directions  in  which 
[to  the  opplimtioa  of  cbcmicat  force  more  muUIy  tlmn 
.  according  na  that  chemical  force  is  applied  in  one  way 
the  compound  splits  up  into  simpler  substance*,  ttic 
rbicli  will  vary  ncconling  to  the  mode  which  has  been 
>r  cfTccting  ita  decomposition. 

ipio,  if  llie  solution  of  a  powerful  acid,  such  as  nitric 
Sured  upon  carbouato  of  potash,  carbonic  acid  is  liberated 
ly,  mid  nilmte  of  potswh  is  produced;  KO,COj+HO, 
|jiP,N0t  +  C0j+ IIO;  but  if  another  portion  of  the  same 
^Bof  potash  t>c  mixed  wiUi  charooal,  and  heated  iu  an  iron 
■•  ^t,  metallic  potassium  and  carbonic  oxide  arc  the 

^L-  -.  ';  +  !Ca:K+3  CO.  Agnin,  if  u  sobilion  of  car- 
^1  poush  be  subjected  to  electrolysis  by  the  aid  of  the 
B'  -'ip  *nU  Hplitu   np   into  potassium  (which  is  im- 

K  ;<d  by   the   water  iu   the  midst  of  which  it  is 

ltd),  Rod  Into  CO,,  which  is  as  inxtaiitly  rewlved  into  oxygen 
~   irlwnioacid;  KO.COj  becoming  K  +  CO^,  andK+HO 
i  +  n,  whilut  CO,  brcomc!'   C6.  +  0.     The  probabihty 
tbAt  iieitlmr  the  old   nor  the  now  Ticw  is  Rhsohilely 
it  that  eaeb   may  in  turn  well    represent  the  salt  when 
I  ta  th<!  influence  of  particular   circumstaacos.     It  may 
I  Kxuiny  bo  conceded  tliat  the  hinary  tlicory  may  in 
elu^Bte    tlie    decompositions  observed,  notwith> 


-TumiBs  or  iMLTi. 


a  tuW 


«Ueh  pRTcnt  ita  niloption 

amiDgcmcnt  of  saliuc  ro 
It  ttslc. 
. — the  iKveeding  mniirka  hare 
rttemee  to  tbooe  salts  intti  thi- 
Tboc  b,  liowc»cr,  a  numeral 
to  tbese  <»;.«otnpouii()K,  but  iu  whk 
vitb  tbe  mclnl ;    and  for  c*cb 
of  the  dTf-mlta  an  equivalent  of 
^  CDRevpoiuling  oompotiud  io  ttio  sul 
the  sulplior-salts  are  of  subordiuafc  i 
;  they  are  ofU.-ti  decomposed  bjr 
at  much  less  utudy  and 
componnds  os  aalts  in  wbivfa  t 
OS  tbe  pfotoaulpbJde  of  potani 
the  electrcncgotive  mlpliidea, 
-1^^^'^"*~  of  arsenic  and  atitimonr,  act  aa  acuk. 


t^Sal/^. — SalUare  twuidljr  Kpoken  ofi 
K  tfaovgb  tliceo  terms  are  in  gcscral 
I  tbc  manner  in  which  tlic;  are  ajijilird. 
4^  iKIaaif  or  Sormal  Sails. — The  idea  of  tu-ut 
|iM»  4m  tbr  f(««fiar  eharaetera  of  the  acid  and  of  iLie 
VH^  dtai(fMa«i  «»  ft  result  of  combination,  and  one  of 
^i^i^^  nAin^  ttia  neatraliEiktion  in  properties  ia  jiiri 
tW  cAcct  vhicli  is  produc»l  ujiou 
a  nixed  with  a  soltition  of  the  salt. 
'  ot  litmm,  for  example,  tk  cliauficd 
1  id  IB  acid,  wliilat  the  cc^our  of  litmus  mid 

ittwifil  tn  mixed  vith  an  alkali.     1'bo 
tiaalangrd  Io  brown  nhcn  mixed  with  an  : 

if  tbo  alkali  be  caused  to  cnmliinc  will 
aircH  nnther  the  blui?  of  tilci' 
•  «aid  to  hutv  a  neutral  rendion. 
/  lifding  niaiiy  nJta  aa  neutral  in  coat[Mait 
bt  their  action  ufKin  ooloorcil  tcats,j 
m  ini-tiillie  (itidi-M  tnry  considenUy] 
,  of  tl>e  MURic  acid,  ueronliiig  a>  it  ia 
ibtHS  of  a  wrak  boM*  or  of  i*'.'      - 
i^  thrir  setion  ujion  i-o1unrc<l  te- 

I  with  47  iiartH  oi 
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tau  i  :  ''■    14  npon  coloured  lestA.    In  the  case  of  nitrate 

kiN^  iLimi  of  oxygen,  tu  the  jtotasli  to  tliat  iu  Ibe 

k  iciil  i»  u  8  iMTts  to  40,  or  us  1  itom  is  to  s- 
■At"     ''     '''<^  ocid  in  irtiich  tlie  oxjrgenoftbc  base  bears  tliis 
WBi'  -'I  i<>  ll)i;  nciil,  ara  rc-garied  m  ucutml  in  compont- 

[watever  may  be  ttieir  aotiou  on  vegetable  colours.  Now  if 
K^  iiioo  of  iiilric  fkcii]  be  cau«r(l  to  (combine  with  on 

^pi  In  of  l^nd,  1 12  juarta  of  oxide  of  lead  vilt  coiubiiie 

lue  j4of  uitric  fu^'iil,  and  will  form  a  salt  m  which,  asio  nitnto 
Itub.  I  alum  of  oxygnn  ik  present  in  the  base  for  every  5 
fcjf  ojrvgcn  in  the  aeid.  This  salt,  thcnrforc,  i«  neutral  ia 
^■ioD,  lltodgli  if  diiuulvcd  in  water  it  reddens  litmuK,  and 
Haciil  reaction.  The  aatoo  thing  is  true,  also,  in  the  case 
Bta  of  oo{)pcr. 

^■KhiuigG  in  the  tint  of  the  coloured  teat  is  therefore  not  to 
^Hkd  a'9  an  nbrolutc  proof  of  nciitnlily  or  aciditj'  in  a  »alt. 
^Kige  of  colour  which  the  litmus  experiences,  even  from  a 
^^Mtral  compos  it  inn,  i»  readily  explained.  Blue  litmus  ia 
^HMOJea  of  aalt,  formed  hy  ihe  combination  of  an  alkaline 
^^f  bsM  with  a  feehle  vegetable  acid  tvliieh  is  naturally  of  a 
^lour,  but  irhieh  Iweoincs  blue  wbeii  it  is  neutralized  by  an 
k.  Whcu  a  powerful  acid,  such  lu  the  nitric  or  the  sul* 
m,  iM  mixed  with  tins  blue  colouring  matter,  the  strong  add 

■  upnn  the  base  which  the  litmus  ooataitis,  and  displaces  the 
bteid  which  B[i|>car»  of  its  natural  red  hue ;  hut  on  the  addi- 
Han  alkali,  tho  blue  is  rcston.'d  by  Ihe  combination  of  the 
K  added  battr  MJth  the  litumn  acid.     Again,  if  a  wilt   with  n 

■  acid  and  a  com  [Htm  lively  feeble  hate  be  mixed  with  the  blue 
K  the   strung   acid  uf  the  wit   seiaes  upun   jiart  of  the  liaM 
mk  ill  ranihiiiatiou  with  the  litmui,  and  liberates  the  litmus 
FbI.:.'!.  npin-wTR  uf  a  more  or  h-jus  intent«C'  rctl,  furcunliiig  a*  the 
I  icutnd  salt  has  given  ap  more  or  Ices  of  its  acid, 
^kknalosous  roasotut  it  tuometimr-^  happi;u)t  that  11  nalt  whicli   , 
^^ta'In  oomposition  may  exhibit  characters  in  which  the  base 
^Hntca  to  a  greater  or  1cm  extent.     Carliuiiatc  of  potash 
^BL)  t*  tirutral  in  composition,  but  it  appears  to  lie  haxio  iu 
^^m  a|>uu  the  ycltow  colour  of  turmeric  iKijMrr,  which  it  renders 
^Hly  brown,  and  it   immediately  restores  the  blue  tinge  to 
^HMkBOB,     This  ninbignity  in  the  mv  of  the  word  neutral,  * 
Bmibr,  lie  entirely  obviatiid  by  dciM^ribiiig  aa  normni  salU  the 

[  w-nu^itiound  as  neutral  in  composition ;  employing  the 
I         mil  '■^  ith  reference  to  the  action  of  the  liody  ujiot) 

\  tr-i  n  this  sense  we  shall  hereafter  use  tUeae  IciOA.' 


33S  NBCTRAL,  OR    NOBMAL   SALTS, 

The  three  salts  which  have  just  heca  cited  to  illustrate  tbet» 
prtiiiti  lire  all  of  them  iustanccs  of  the  most  usual  form  of  Mill,  m 
^vhich  i  iitnmofa  iirotoxi<le  U  unitetl  nitb  i  atom  of  au  aeid  to  fona 
jthc  normal  salt.  But  salts  exist  in  »  hich  the  base  consiBts  of  a  ki- 
ionide,  imd  in  hhcIi  cii*e»  3  atoms  of  the  iicidnre  needed  to  1  atoai 
of  the  base  in  order  to  produce  a  normal  salt, 

'llie  .sulpluitt*  afford  11  good  ilhi«triitioti  of  these  different  maim- 
of  combination.  A  normal  6ul]iliate  of  a  ))rotoxide,  such  as  sd- 
[ihatc  of  jiotanh  {KO.SOj)  requires  1  eiiuivalent  of  oxygen  id  thfr 
baw;  to  3  equivalents  of  oxygen  in  the  anid  ;  and  contains  1  ci)in> 
valcnt  of  acid  to  each  equivalent  of  the  base. 

But  in  the  case  of  a  ^esqiiioxide,*'  Niicb  as  alumina,  Alj(^ 
3  atoms  of  acid  arc  combined  with  each  atom  of  alumioa  in  orto 
to  form  the  normal  sulplinte  of  this  base,  AljOj,  3  SO,  ;  and  tl» 
normal  Bulphatc  of  peroxide  of  iron  (FcjO^  3  SOj)  has  a  simitar 
ConipiRtition:  in  wilUt  of  lhi»  kind,  however,  the  rule  i«  nttll  oWrsc^ 
that  the  number  of  atoms  of  oxrgeu  in  the  base  ia  to  that  of  ihoat 
in  the  acid  as  1  to  3,  Tlie  sulphate  of  alumina  and  the  persul- 
phate of  iron  not  only  redden  litmus  paper  i>owerfully,  but  llajT 
liavv  an  acid  as  well  as  an  astringent  tnstc.t 


*  Tt  ia  n  romnion  hut  inri^rrrct  prnctico,  irhpn  trt'Sting  of  n  tiPM]tticcEidf^ 

to  ri-cnrd  tlii-  «tivn  obiniiic-d  hy  nrtdinii  logptlicr  tlir  Btomic  nrixhU  of  itt 
■pvitbI  (Miiutitiiciil*.  n«  turni»bjiig  tht-  rhcmiral  eijuivalinl  of  ihe  *c»qu30xi4fc 
For  cxBiiipli!.  tlie  com  posit  it)  iL  of  ihi-  compourd  ntcito  of  nlumina  ii  re^nlid 
as  ALO,.  am)  I  la  cIii'iiir'bI  e(|uiv]ili.'ul  is  cuuiini>iilv  r«-pri.-fti:^tt^il  at  51.  ll  bw. 
aWiKlybci-n  stalod  (n'l'r.  p.  30.  Part  t..aTid  p.  3.  Part  H.)  IIjbI  iWryn'Mfa 
of  aiiv  tuljKlAtioi'i*  rt'iilly  till?  (iimrililjr  "f  llixt  iiiibaUuov  whi«ih  i*  ranhfe 
(uppfvi'n;  llip  place,  in  n  parliciilnr  compoiinH,  of  aonic  otlifr  body  wilfi  1 
the  »ub«t.niipc  i«  pompurcd.    A),l>,i»  tbrrclbw  corrcclly  Nipri-srnlod  a* 


(KO.SO,),  Bulpbste of  l*ad  (PbO.SO,).  or  *utpbati-  of  wpjwr  (CuO.SO.) ;  j 
ALO,  bvitiu  roflllv  llic  propnrlion  in  tiliirb  ubiniina  commiies  nilh  each| 
poflional  of  nil  1 II  fi  uric  nciil  in  thi-  nornml  wilphnl.'.  Th*  MuiTalont  of  J 
BulMlaiife  Ibprcforo  mint  vary  nccordinp  to  llic  nnl.iir*'  of  Ihn  Iwdf  with  wT 
it  ii  ooinpnriid,  tboUKh  itJ  molccuinr  cc)inpi)»'iti<~>ii  Ie  not  linldo  lo  vuiibTlj 
tioD.  In  order,  Ihi-rrforL-.  to  avoid  llic  nnibiguily  nod  innccurac]r  of  ■ 
th«  proportion  (AUO,|  lli*  e(|uiva)ei]i  of  this  liaue.  whtn  compared  1 
protAXtdc,  <r«  sliall  tpvnk  of  itnslW  ut'im  of  tlir  BFBi|uio]tidc- 

l  Tlit<  loDiloDi'y  of  tbi!  dooquioxiJ^s  to  n.'(]uire  bo  lar^i'  a  prati 
acid  bsM  b^en  «upp08ed  to  alTord  another  nri;uaieut  in  favour  of  tlie 
tIi«ory  of  nslt*.     It  will  he  seen  (lint  tlic  cnnipnsition  of  tlip  nonnsi  ] 
pttatfS  r<>a<iily  admit*  of  liring  rnprcicnlpil  iipr<ii  tlin  binary  view  in  ha.-., 

•  with   iho   ■ulphntci  of  tbn  protoxides.      8uiptintr  of  prroiido  of  ira«iij 
«xampl^.  (Fc.O,,  ,)SO,)  miaht  bv  wrillon  (Ft-.,..  .^SO,).    Thi»  aT|iuinciit.r 
ever,  in  cnlitird  t'j  bm  little  wpi^bt,  because  many  anil*  of  ibc  n-tqnio 
■re  ii)io«ii.  HUcIi  n4  tboHi!  uf  tiranium  and  nottmouj.  in  nliich  lb«  prc>p<] 
of  thf  acid  is  \v»f  ihsTi  in  tbt^e  ii><>tatice!>  ^  and,  iiid^d,  both  alumina  ! 

peroxide  of  iron  form,  with  sulpUwric  Mid. aolafala  oatnj^unds  which  1 
pat  1  ntoin  o(  ncid  to  1  at<on\  of  base. 
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tid  SaU«. — If  a  i]uai>tity  of  oxnlic  acid  bo  divided  into 
tiou-%  uuc  of  vrliicli  i«  dixitulvfi)  in  water,  uid  tiiixvd 
3n  of  potiisli  until  the  liquid  beoomca  neutral  in  its 
litiiins  A  sAlt  is  forini.»l  uliicli,  on  evu{)orntion,  msy 
cd  cryslnlliAi-iI  ill  aix-sidod  prisma,  wliicli  consist  of  tlw 
laUtc  of  (lotiuli  (3  KO,Cp,-f  3  Aq).  If  ihw  ult  l>c  re- 
in vriit^T,  uiid  lUe  »«twud  portion  of  oxalic  acid  be  added 
inical  union  of  tbo  t»'u  )>oiltcs  will  occur;  the  liquid  to 
trill  Ik'  found  toliitve  a  sour  taste,  to  redden  litmus  power- 
|p  atiou  to   yield  n  new  Mitt,  nliich  crj-stDllixcs  in 

lal  .  .  :  ,  >  1)11  tit iuiii^  i-xaellv  half  as  luucb  [>(iUu->b  in  ])i-o- 
3  the  acid  as  the  first  rait ;  this  is  the  biaosalatc,  or  add 
-f  i^.twh  (KO,nO,C,0,  +  2Aq). 

II,  il  Uie  aornial  sulphate  of  pouwii  (KOiSOg)  be  dissolved 
l|thiinc  acid,  tubular  plat«»  of  a  uev,  fusible,  and  slroiiglj 
■ttl  cri'stalliKc  out  as  the  liquid  oouk,  and  tbc  biaulphiite 
l^utL-  of  pota«h  will  be  furiiie<l  (KU.HO,  1  SO,).  Tbiit 
uiu  for  each  atom  of  oxygen  in   ttic   potaab,  6  atoms  of 

kihc  acid,  or  donblc  the  amonut  which  ix  present  in 
hulphiitv.  If  an  attempt  be  made  to  form  a  similar 
ijMolviu:;  nitrate  of  potash  in  nitric  ucid,  the  cipcrimcot 
for  tlx.'  nitre  will  be  found  to  cryatalliae  out  uncluuij^ed. 
Um»  apparent  that  iu  crrtain  caitcs  tlie  acid  combines  u-itb 
in  two  proportions,  in  others  it  refuses  to  do  so  in  more 


luJly  liappeni  that  aeid  salts  contain,  iu  addition  to  the 
bnae,  a  certain  quiintity  of  water,  a»  occurs  for  instance 
Rulpliate  and  the  acid  oxalate  of  |>nta.'(!i.  This  water  is 
l^unlcil  in  the  li(;bt  of  water  of  crystalliKatiou  :  it  dis- 
iinportiiul  funoliou,  for  it  tiikc-Jt  ibi?  place  of  tbc 
ie  on  these  occasions :  and  it  is  because  tbe  basic  pro- 
l^wnti'f  are  ao  fcel>le,  that  tbe  acid  clutnictcr  predumiuates 
in  siicb  salts. 
■,  -■■..'  Ac'iili. — The  fornihtion  of  acid  salta  maj-  be 
till!  lijllowing  considerations.  Most  of  the  inorganic 
with  base^  in  such  a  manner  that  i  atom  of  the 
V(tb  I  atom  of  a  metallic  oxide,  so  that  tbc^'  may 
iatie  acit/a.     Of  tbts  cliiH  of  acids  tbo  nitric  is  a 


[MWla,  linwcror,  exist,  of  wbicli  an  iuitancc  lias  already 
iu  the  pyroplioupborio,  1  atom  of  wbicli  (toMeiuGS 
■.ritti  1  atoms  uf  Kvo ;  such  acids  are  bence 
..  .i.-crotu  acida  of  ihia  class  arc  found  amou^ 
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tliOBO  obtained  fr\>in  the  vegctnlile  aud  the  animitl  kiii|C(^MH 
taric  acid  (2  au,C.tl.O,J.  and  mulic  itcid  (i  HO.C,^| 
ex&m)il«»  of  UiU  kind.  1 

Tlkc  Gomiuou  phosplioric  acrid  contained  in  Ihc  crrtd 
pli(it>|tliuu;  or  »c>da  of  cominurcf,  i.i  tliu  nrpraaeoUUve  uf  a  tUJid 
of  acids,  I  atom  of  vliicli  comliinca  with  3  atoms  of  h»ati 
aoidx  nrc  liviict;  Icrmod  Iriiane.  Tlierc  am  innny  organfi 
wliicli  belung  to  this  class ;  of  which  the  citric  (j  I10,C„a 
funiiMlivM  a  good  iRstancf.  I 

It  iauot  neccuan,'  that  tlie  two  Ar  the  tliiee  atoms  of  haia 
tlwstdtit  of  thu  dihanic  or  tributio  acids  cuul«ti  i^houhl  ood 
the  same  metallic  oxide.  Indeed,  it  has  already  b«eu  sIhI 
the  cunc  of  the  various  plioaphatcs,  that  several  bases  maj  fl 
in  the  same  nalt,  in  definite  proportiona.  There  is,  for  eiaM 
pyrophosphate  of  soda  and  water,  composed  of  NaO,I10,F| 
which  I  atom  of  hjrdTX)geu  supplies  the  phurc  uf  it»  <HW|fl 
sodium  ;  and  in  the  microcosmic  salt  (NnO,II,XO,I10,I'Om 
we  hnve  a  tribute  pIuMphate  of  soda,  oxide  of  ammonliJ 
WMtcr,  where  each  of  the  3  alonu  of  haw  differs  from  the  I 
It  u  worthy  of  remark  tlint,  in  the  Halt  hi»t  named,  two  ofl 
bases,  rix.,  soda  and  oxide  of  aromoniuro,  arc  isoiuorplious.  I 

Now  it  frequently  Imppcns,  as  in  niicrocminic  salt,  thai 
is  one  of  the  bases  pi'esent  in  the  salt,  aud,  when  such  n  til 
titc  Milt,  when  dissolved  in  water,  often  hsa  a  aour  taM 
reddens  litmus  pa])er  strongly.  It  is  iu  this  way  that  IM 
common  variety  of  acid  xalts  is  formed.  Cream  of  lartarJ 
it  is  ofU-n  collcxl,  biturtrute  of  iwtash,  oflen  a  good  iUtuiia 
this  kind  of  salt.  I 

Crcum  of  tartar  is  a  sparingly  soluble  crystalliaable  omh 
of  an  agreeable  acidulous  ta!>te ;  it  cousiiitti  of  l(0,KO,C3 
and  is,  in  fact,  a  diliaeic  tartrate  of  pota>^h  and  water  :  i^M 
dissolred  in  hot  water,  and  another  atomic  prufiortioa  ol^H 
addnl,  tlic  water  is  displaced  by  the  second  atom  of  | 

acid  taiite  diui)>pcant,  nnd  iKtrmal  tartratcuf  (Kitakh  1  Q 

a  salt  which  no  longer  affects  tlio  colour  oilher  of  I1'  j 

mcric  paper,  is  produced.     An  c(|iii^^li-nt  (|iini.'  jJH 

potash  may  \w  suWitutcd  for  csnstic  |ioLwh  u: f--^^| 

it  will  be  deoomiXMcd,  and  the  carbonic  acid  will  be  <^c^H 
eOtrireacence.     Carbonate  of  Kxla  may  U-  f^H 

lx>niite  of  potash,  hot  in  this  case  a  dii — -'.^1 

Boehclle  salt,  the  tartrate  of  aoda  and  putask,  will  beH^H 
NaO.C.H.O,„+8A.,J.  ^H 

Acid  saltfl,    hontver,  tlmngli  goocnJIjT  fotOinX    KV.'  i*^ 
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(KbMic  aciA  with  whicb  i  ntHiu  onlv  of  n  pnn-erfiil' 

lUiKd,  Uic  place  of  the   second  ntom  of  Uitu'  )>riii{ 

hj  VI  atdm  of  water,  arc  tiot  b]wb,v«  so  prodoped.     An 

of  j>oUia}i,   trliicti   ii  siiliydixiuft,   may   he  olptnined*, 

I  HOg) ;  U)d  tlio  scid  clironiiilu  or  biclirouiatc  of  potsiili  alwairi 

in  the  uilijdntin  form.     (Jralium  but  eiideavoiirol  to  nc- 

I      '      formation  of  some  other  acid  salts  in  a  diBcreut 

I  will  bo  noticed  prcsetillr. 
I )  Uotihie  Haiti. — Tlie  description  of  these  polybonc  acids 
<  '    I   u«  with   certain   caws   in   which  doHbte  tails  arc 
.  ic  arc  several  varieties  of  donble  salts.     The  mo&t 
are  tbmc  nhich  am  prtKlucctI   \>j  the  nnion  of  two  dis- 
bosca  witli  ttie  saiiic  acid.     Tticsc  varieties,  however,  arc 
wiiliiii  certain  limits.     It  is  not  potwiblc  to  form  double 
Hliittm,  \»j  bringing  3  eqiiivalcnta  of  any  acid   in  contact 
ln(iiiralrnt  neb  of  any  two  bases.     Chemists  assume  that 
o  isoinorjibous  bases,  such  as  soda  and  potash,  coinhine 
lutnie  ucid  in  the  proportion  of  1  c(|uivali-tit  of  each  base^ 
A  (hiiible  salt  (like  Kocbelle  salt),  Utc  acid  iu  ({ticslioti  is 
Tbt.*  larger  uiimbi-r  of  double  salts  which  liavc  been  pro- 
thns  fonncd  hy  the  comhiiintion  of  dilTereiit  liases  with 
ic  acids,     'ilio  bicarbonate^,  biDosalatcs,  and  many  other 
cuni|>ouiids,  prove,  on  examination,  not  to  1w  mere  calts 
of  aeid,  but  true  double  salts  of  this  class,  analogous 
1  or  urotial  saitu   in  compaction.     Bicarbonate  or  acid 
of  potash,  for  instance,  may  be  represented  as  thus  con> 
KO.IlO.CjO^;  and  binoxalatc  or  ncid  oxalate  of  potash,- 
i.t.'jO,  +  2  Aq.     Some  other  considerations  relating  to  the  ' 
of  acttls   and  to  the  polybasic  ncids   will   be  more  con- 
rre<I  until  the  natnre  of  the  organic  acids  has  been 
,.->><  et  trtj.) 

forinHtiiio  of  attotber  remarkable  series  of  double  salts,^ 
rly  iiivrsti|;ated  by  (inibam,  appcant  to  \x  directly  con- 
ith  Uic  niiKli'  in  v  hich  water  attaches  itself  to  certain  ults. 
i-aMM  the  water  of  crystallisation  may  be  cxpdlcd  from  a 
;po»iiig  it  to  a  temi)erature  not  exceeding  aia^     Tliis, 
fdon  not   always  bappcu :  sometimes  all  the  water  of 
oiny  thtu  be  expelled  with  the  exception  of  a  single 
hirh  requires  a  much  higher  heat  for  its  expuUion, 
llicsfl  cases  it  docs  not  apjM-ar  to  act  iu  any  degree  as 
I'ndiv  tlicae  circumstances   it  was  found  that  tlits  lost 
■    "  '    icadily   lie  di-plitecd  by  adding  to  the 
:ii  anhydrous  salts,     Au  excellent  iUu»> 
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tratioii  of  auch  a  inctlirxl  of  tlie  formiitton  of  double  HallH  ts  afford 
in  tlic  case  of  a  certain  class  of  tlic  siilpliatcs.  Ail  the  siil|ihiilt> 
of  batio-t  iaoniorphouit  nith  niagiicfiu  >ire  c:i[iaMe  of  forming  douUtf 
Baits  of  this  nature  with  some  anhydrous  suljiliate  not  iMmorplMC 
willi  tiiis  class — niu'h,  for  instuiicp,  ii.*  tlic  oitlplintc  of  potash. 

When  sulphftte  of  tnajrncais  (MgO,SO,,HO+6Aq)  »  Imiti 
to  an",  six  out  of  the  »cven  ^itoms  of  wiiter  lire  ex|ieU<»i,  but  Ai 
seventh  atora  is  retained  imlil  tlie  tenjijcraturc  is  raised  consiilcr^ 
nhly.  If,  however,  Fulphntc  of  magiiotiu  and  sulphsto  of  jiotiffc 
be  separately  dissolvcti  in  water  in  equivalent  proportions,  tniMl' 
while  hot,  and  allowed  to  crystallize,  a  new  double  salt  (MgO,S0,+ 
K<),S()j+6  Aq)  is  dc^KiKited,  hiiviti};  the  same  crystalline  fom 
sulphate  of  maf^ncsia,  but  it  contaitis  only  6  atoms  of  voter  » 
crystal ti nation.  The  neveuth  atom  lui.t  hcc-ii  difijilaeed  by  the  nlr 
pbatc  of  potash,  and  has  hence  been  termed,  by  Graham,  coiuttta^ 
tional,  or  saline  water. 

A  similar  fiubHtitntiou  takes  place  with  sulphuric  acid  itself, at 
sulphate  of  water ;  when  diluted  till  of  the  spcdfic  gravity  of  17B1 
it  consists  of  (H(),SOj  +  HO),  and  from  the  circumstance  of  ill 
readily  forming  WLll-detincd  m'stals  when  cooled  to  a  loniperatan 
of  40°,  it  ia  often  termed  gineial  !(iil|ihurie  acid  :  thia  cotnpoudi 
consists  of  I  atom  of  sulphate  of  water  with  1  of  «iUiue  water 
If  a  Kohilioii  afniilphate  of  potitnh  be  added  to  this  glacial  aeM| 
the  liquid,  when  craporatcd,  yields  the  welUknowu  neid  sulphate 
iwtusli.  (iruhiim  regarrls  the  latter  eoni])Oiiiiil,  eousiating  of  nil 
pbatc  of  water  and  t^ulphatc  of  potash,  as  a  double  JHiIt,  in  whidi 
the  suliitiiite  of  potjisli  hiw  diHplnced  ihc  aalinc  water  from  tlw  gl* 
eial  acid;  KO,S(\+(1IO,SO,  +  HO)  =  HO  +  (HO,SO,  +  KO,SOJ 
the  water  in  the  acid  sulphate  being  in  the  form  of  basic  watti 
The  formation  of  this  salt  may,  however,  he  equally  well  accouuM 
for  upon  the  supposition  that  sulphuric  aciil  is  dibasic,  and  thi 
the  acid  aulphate,  or,  aa  it  is  usually  called,  the  bisulphatt 
potash,  is  a  salt  formed  upon  the  type  of  the  neutral  sulphate,  bl 
contniuiiig  an  atom  of  hydrogen  in  the  place  of  the  second  atM 
of  potassium,  thus  : — 

k(),KO,S.oJ  J  KO.llO.S^  ;  HO.HO^ip,. 

Tlierc  is  another  well-known  variety  of  double  ealla,  in  whic 
it  is  not  necessary  that  the  component  salt'«  should  contain  simila 
onides,  or  even  a  similar  number  of  equivaleiita  of  the  ratlide 
the  acii}.     lu  this  way  sulphiitca  of  scM^uioxidcs  often  unite  wit 

atilphatcs  of  protoxides  tofotni  «t\\-t\wiwi\«K\a»!L4EKW.ft%»,Ua 
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BT  '    '  f  t)iU  kiwi  ia  afforded  in  tlie  important  tribe 

^B-  '  1  »l(im  ooR»i»t8  of  I  nlorn  of  sulphate  of  putHli 

^■tdm  of  mlplintc  of  aluiniua  witb  irntcr  of  crj'stnlliKiition 
^By-fA],0,,3  SO^-f34Aq);  and  numerous  other  !^lts, having 
^■o  cry«UilUDc  form,  and  of  similar  oomiio^itioti,  might   he 

|kK  art?  a  few  instancefl  of  two  diffci'i.-iit  ncids  hcing  united 
^pImm!,  hnt  \\urf  nn;  neitlicr  8u(licioiitl}'  ni:incroiifi  uor  im- 
Sit  to  merit  Irngthcned  notice,  and  arc  more  fteqncntlj'  met 
^toong  Datiiml  thuu  artificial  comhinations. 
Hlucce  are  rainmon  in  which  two  difTcrent  hidoid  salts 
i  wiib  racli  other ;  oompouwU  of  this  description  arc  most 
UttwcRn  the  ckloridm,  toditk'n,  uod  broniidcit  of  the  lens  oxi- 
^n>M*tulii  nith  those  of  ihc  rnctats  contained  in  the  alkalies 
earths :  the  douhk  chloride  of  platinum  and  polassinm 
jACl}),  and  the  douMo  iodide  of  mercury  and  pDtaftsinm 
Hpj,  arc  good  initlaiien  of  sucli  conipoimd:<.  ItimmtoriT 
hatd  to  consider  tbe««  compounds  in  the  light  of  salts  in 
^ti»e  chtoride  or  iodide  of  the  cloctro-uegatiTC  metal  (pln- 
Vgold,  &c.)  acted  the  part  of  an  acid  towards  the  dcctro- 
m  cliloride  (chloride  of  potssfiium,  Hodium,  &c.) ;  but  this 
ia  not  tenable.  Such  aitltit  »rc  never  reaolved  by  electric 
n  tutu  their  cunvtitiicot  chlorides,  and  the  acid  reaction  of 
^her  cbloridea  is  not  neutralised  or  modifml  by  combination 
ktbc  chluridec  of  the  alkaline  metala;  in  fact,  the  conatitucnt 
■Uea  thcniwlrcs  are  aaltA. 

pitiiy  (lutilile  *altA  may  t>c  formed  by  fusion  with  each  other, 
M|1i  if  the  attempt  be  made  to  crystallixc  them  from  a  boIu- 
L&AUiuing  equivnlcDt  qiiantittcs  of  the  two  salts,  the  attempt 
^^^BjCbl.  Chloriile  of  ttodium,  for  example,  may  be  melted 
P^V^nlent  amount  of  chloride  of  calcium,  of  strontium, 
r  barium  ;  and  in  each  cue  a  compound  salt  is  obtained,  which 
t  much  lower  fusin);  point  than  either  of  ita  compoueut  chio* 
Uba  Mrpnrale  funn,  but  the  double  salt  is  dccomposal  when 
^Bolved  in  wator. 

^pi)  Safua/it. — A  very  diOcrenl  scries  of  saliuc  compound* 
Mguuns  for  uonaidcratiou,  and  in  thc#c  the  proportion  of  base 
^BMtuovcr  tliHt  of  tliencid;  they  are  usubIIv  designated  haate 
^^^Btalta.  The  thcfjry  of  the  fDrmallon  of  theae  compomidt 
i^j^orfoot.  In  certain  caoe^  the  formatiou  of  a  suliMdt 
I  of  the  exidnnuliuii  olTeri-d  by  Graham.  He  uasumes  that 
■"'  "  wnttT  of  crystallization  of  the  neutral  «ilt  hai 

^^^_...  ujr  a  boatc  metallic  oxide.     The  uilnitca  oC  co^^ 


su 
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oflfef  aa  eunple  of  thu  kind  of  diBjilaccnieiit     Nitric 
ifcdSe  gnntjr  1-4.1  (nliich  may  he  diBlilU-il  ailltout 
dbwigg)  cuBuiUs  uf  1  atofu   of  tlie  protoliytlnte  witii  5 
«Un-,  wktcb  concspoad  to  the  water  of  rryslaiUi:  1' 
lUO.NO,  +  3  Aq). — Nitrate  of  copper  coiitxiiuiaa  i^i 
ttoas  of  v«tcr  of  crvstallisation,  CaO,XOj  +  3  Aq.     Uul 
■bo  •  Mibutnte  of  copper,  wbich  roprraenbi  the  nitrate  of 
tt  which  tbe  3  atoma  of  water  of  crystaUixatton  are  di 
MOBU  of  ktdivted  oxulc  of  copgMrr,  CuO.NO,,  3  (CuOJIO), 
TUTUr-""-*  »hich  U  left  in  tlic  form  of  au  insolnble  po«te, 
th>  ntatral  oitimtc  of  ooppur  i»  piirtiallf  decootpoccd  bjr  a 
abotu  400^ 

Water  ma;  be  displaced  not  only  Irom  saline  cfimbt 
oKldM,  but  vaay  be  removed  from  certain   orgaui 
hy  oxides  which  tnkc  its  place.    For  eiumplf,  a  coi 
^•^v  with  oxifle  of  lead,  (C,.H/),.  l  PbO),  ma;  be  fonai 
CHWMgar  (C„H,0,,  2  HO)  by  boiling  it  with  litharge; 
■Bfefeduif  ibU  tKv  coinpouud  in  nater,  and  romoviug 
b]r  noms   of  sul]>])urctt«d    hydrogen,   the    original    q 
«*lir  is  RStored,  atid  the  iiugar  in  recovered  with  its  ch: 
pniperties:    a  HS  +  C^H,0„  2  PbO    yielding    2  PbS  +  V 
sHO). 

The  Airmntion  of  many  subsalts,  howcrcr,  ia  not  expl 
thia  nauner.     Nitrate  of  lead,  for  example,  crystalltxiM  ia| 
ihuw   octnhcdra;  hut  a  cryatallieed  diuitiatc  of  lead  uiaj 
tMMd  i\v.i>t»tiitg  uf  (3  Pb<),NO^-!-2  Aq) :  and  a  trisnii 
hsuUMlralff  of  Icail  have  also   been  obtained   by 
llim  cw«a  the  oxide  of  lead  cannot  be  said  u>  hati:  tak 
<ft'  tbe  water  of  crystallization  of  tlio  neutral  aalL     AH 
«Mtl,  10^  that  in  sueh  casn  the  metallic  oxide  attaches 
HOUttwl  vail  in  a  manner  annlogoUA  to  that  in  which 
(■lltMtitiu  dura  in  other  instances. 

m»  iKttdviHiy  to  the  foriiiatioD  of  sulnoltau  lin. 
MtAi  mi  bwM:  Bulphuric,  nitxic,  carbonic,  and  act :..  _. 
l4»  w\uWa  uf  ni^ipcr,  of  lend,  of  incrcary,  ami  of  aincv 
wanA  'TflA**'*"  ill  ihis  respect. 

.'1 1'l    tltfcAinriilrt,  IfC. — A  cUwa  of  compounds  wtiidl 
t|»  <worc  than  any  others,  is  proscntcvl  to  ns  ia 

ill'",  OTjiijHidf*,  and  ■>■  '  n.     In  thi 

II  tif  the  clilcinilc,  uf  i!  '  .  or  of 

•  united  with  one  or  more  alons  of  the 
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Sue))    n>niliiii;itiuiiH  asiittlljr  occur   bctwcea  oildoa  Rtkd 

ur   iudidea  of  iucuUh  the    puru  cblundoH  or  iwiidcs  of 

never   fumi  on;  but  auhjrtlrotis  crj-staU,  and  which  coo* 

ntij  cauDot  Ue  Mippo«ecI  to  take  up  nn  oKidc  an  a  »»twti< 

fur  *at*r   of  crvMoiliiatioii ;   any  aiitiaractory  theory  of  tbo 

lofkubwilu  miut  also  aocouiit  fortlie  formation  of  compounds 

t.)uiiJ.     Tlicru  is,  iodced,  inudi   in   tlie  cbcuiicul  uaturc  of 

ip(>und»  that  require  fiuther  invcstigntion. 

dh  wilU  cater  into  comiiiiiiition  with  otitcr  bodies,  and  form 

1  vhicli  arc  in  many  rcs|>(?ctH  anoraalous;  snob  for  inntance 

icompouods  of  ninnioniii  with  mauy  dry  «a]t«:  2  atoms  of 

of  silver  vHll  iu  this  manner  absorb  3  atoms  of  ammonia. 

tliv  saltit  of  copper  cibibit  a  simiUr  power  (518). 


CFUPTER  XI. 

oRorr  t. — METALS  or  tiik  alkaliks. 

4  I.  PoTAwtiiu  (K=39),  Sp.  Gr.  0-865. 

Nativf  Comfitmnds  tofiich  contain  Poltuh. 

im       ....     K0,S0,  +  AI,0j,3S0,  +  a+  Art- 

i^jMr    ....     (KXn)0,3SiO,  +  Al,Oj,  jSiOj. 

mica  .     .     .     K0,3  SiO.  +  3i{.\lFe},0„SiOJ 

()  SymMg  0/  Mixlurtt  0/  JsomorphoHf  Compounda. — ^Tbe 
employed  above  for  felspar  and  mica  require  csplaimtion, 
Dplc  of  Dotation  ad«]itMl  in  these  cases  »ill  be  applied 
'  the  ftirmulK  of  u  birgo  numlxrr  of  mincraU. 
ofieu  happens  tliat  isomor]>lious  buses  displace  each  other 
vuae  mitieml  vrithont  ii1t<.-rin<;  it«  form  or  mincralogical 
»,  at  L*vi-n  without  altering  ttn  general  chemical  formula. 
Ibr  example,  mny  b<^  regard  as  n  compound  of  (  atom  of  a 
of  a  protuiLklc  of  a  tnctid  with  3  atoms  of  a  diS'erant 
'of  u  »rM|uioiiide  of  a  dilVcrent  metal.  Let  M  staud  for 
ilic  Iubc  of  the  protoxide,  X  for  the  metallic  base  of  the 
ibe  gttncral  ftn-mida  for  mica  may  then  be  exprcacd 

Mi«»[MO,3SiO,  +  3  (XjO^SiOj)].     ' 

'  onmpoDcula  of  potfl«h-m!ca  are  principally  silicate  of  potash 

''        'tosh  being  the  metallic  protoxide  and 

^  I.'  searjuioxidc ;  but  scsijuioxido  of  iroU] 
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scwiiituxtde  of  tntnganesc,  niitl  Boqutoiide  of  diroaiii  -:  — 
isumorphoiu  witli  alumina  i  tlic«c  compounds  frcqu' 
«  j>ortioa  of  tlie  alumiiiA  from  itn  ouoibiuatiuiw,  itn<l  tliis  b  i 
tbc  case  with  the  stsquioxidc  of  iron.  Tbe  i>cculi»rity  of  a 
phouH  Ijiiwes,  when  tlicy  di«)ilncc  eiich  other,  U  tUia — llii»t 
Ijlftccmmt  is  liable  to  occur  in  any  pos-^ible  proportion;  fart 
ill  tliflerent  specimens  of  mien  tbe  n^lAtivc  proportions  of  ir 
alumiuun]  arc  liable  to  great  variatiooA  ;  tliis  ariaea  rruiu  it 
tltat  tbe  filieate  of  »e»(iuioxi(lc  of  iron  &nd  sitirate  of  ata 
which  arc  i&omorphous,  may  be  mixed  in  any  conctiv-i '■•  ■■ 
lion,  fliid  will  cryttalliu:  together  witltout  altering  il 
uiucral.  The  same  fact  may  alto  be  rcpreAentcd  by  alatiu 
'tliey  muj  van.*  indefinitely  io  amount,  prortded  only 
juautity  of  the  two  metals  taken  together  io  an;  ooo' 
I  furnishes  such  a  proportion  of  a  metallic  Mstquioxide  u  i 
lent  to  (he  ftilica  in  that  {mrtion  of  Ute  mineral ;  that  is  to  I 
tlie  two  proportionali  of  metal  required  for  combiiut 
3  proportionals  of  oxygen  in  Uic  »nqnioxiile,  may  cit 
wholly  of  aluminum,  or  a  small  but  indrjimte  proport^( 
aluminum  may  hare  itx  place  fupplieil  by  a  nuall  bnl 
qunntity  of  iron,  or  a  large  proportion  of  tbc  aluminuts 
it4  plaec  unpplicd  by  a  conrevponding  and  equindcnt  prQj 
iron. 

Is'ow  the  method  of  nutution  ailoptwl  in  tbc  prw-ttling  I 
is  employed  to  indicate  prcelsely  this — tliat  the  pmporiiocutj 
two  or  more  metaU,  tbc  symbols  of  which  arc  brackoin) 
thus,  (AlFeMn),Oj,  arc  liable  to  vary  within  any  coiicci*ablc| 
prondcd  that  the  united  amount  of  all  tlio  metals  so 
Iw  exactly  aufGcient  to  form  a  true  wsquioxide  with  the  \ 
portiuuals  of  oxygen. 

In  like  manner,  in  the  case  of  the  potash  in  fel*p«r,  < 
of  part  of  the  potasnum  may  be  supplied  by  sodium  ;  but ' 
portion*  of  tlie   two   taken    togetlier    rfijuire  exactly 
amouDt  of  oxygen,  and  consequently  &alunitc  tlw 
tioa  of  silicic  add,  that  i  etinivalcnt  of  potaali  alotic 
required. 

lliiM  frequent  partial  (Htplncmtmt  of  one  iMmorphoua  ' 
another    in   native  crj'slallistci)   minerals,   rcnilcf*  niuch 
1  y  in  interpreting  the  re«ult»  of  an  ;ii 

>        ■    ■/.,   the  furmulu  of  a   mineral  of  ooi. 
con  [flc.\iiy  of  ita  composition,  and  it  is  witlt  the 
thai  tlw-.    '■""    lilies  aru  i        ■  '       r 

tUoJ  ij    .  .    ■    -arc  coii'. 
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.nhiic  iirid,  tlicii  tW i>m|>ortiuii  ofoxygfii  oontalncd 
iiIl-h,  ami  lastly  tUc  quantity  of  oxygen  in  llie  prot- 
Wniue,  bowevor  much   tlic  pro|K>rt40iis  of  tbc  OiHcrpot 
Biav  vary  in  iliircri>iit  sjiociincns  of  tlie  &Ame  miiieral,  the^ 
if  tbc  oxygen   in  hotli  Kutft  of  lja>i-3  to  tbc  oxygen  in   tbc 
kdd  rt-innias  niiiforni.     la  felspar,  for  inBtauce,  if  the  pn>- 
dT  oxygeu  in  tbc  «licic  iici'l  Ijc  taken  its   13,  that  iu  tbs, 
of  alumiuum  ia  3,  and  tliat  in  ttie  protoxide  of  {wlaxMiuoi  I 
im  b  I. 

Ij)  PotwsirM. — This  remarkable  metal  was  diHcovrred  by 
the  year  1K07,  ami  its  ifolatiun  mnilin  an  impurlaiit  era 
[jirugnrM  of  pliitosopliical  chemistry.  Ttie  alkalies  ami  the 
luiig  l>ccn  suspected  to  be  compouni)  boilii»,  but  up  to 
ind  they  batl  reiuatcd  all  attempt--)  to  ilei.'ompnse  thein. 
laoo  [tnUumiam,  howci-er,  ha<l  been  separated  from  ita  com< 
and  ]>otush  bad  been  proved  u>  lie  an  oxide  of  thiit  metal, 
jRipfjnition  of  the  other  alkalies  and  earths  follon-cd  aa&j 
cnosci[{ueiice :  more  wirrcct  idea*  upon  fnndiimental ' 
cbRtnteal  tltcory  were  introduced;  new  methods  of  rescarob 
laced  within  rcncb  of  the  analytical  chemist,  and  potiw»unt 
at  it»  [lowerful  affinity  for  oxygen,  became  an  imjtortant 
to  ibc  reogentJi  of  tbc  laboratory.      ' 

fie*. — Puta^MUm  is  a  bluish-ivbite  metal,  which  is  brittle, 
n  crystalline  frai-ture  at  ^2° ;  at  tcinperaturi'«  a  littla 
:ta  it  is  lualleaUc;  at  60"  it  is  soft;  as  tbc  temperature 
beooinc*  [»«ly,  anil  at  130°  it  is  completely  liquid.  WhiUc 
condition,  two  clean  surfaces  of  the  metal  admit  of 
togetliiT  like  iron  ;  at  a  red  heat  it  may  be  distilled, 
i«Jda  n  licautiful  greeti  ra{>our.  Potassium  is  li^ht  enough 
iu  wuler,  huvtug  n  spceific  gravity  of  only  o"!(6j.  If  ex* 
the  air,  ercn  for  a  few  minutes  only,  it  Ijccomes  covered 
u  of  uiidfi  :  wbei)  lientcd  to  its  point  of  volatilixation  it 
tiato  (laiijo,  ami  burns  wiUi  great  violenoe.  The  pnwcifnl 
of  [lotaMium  for  oxygen  ia  seen  on  throwing  the  metal 
>.  iu  which  case  port  of  the  water  is  immediately  deconi' 
.  '  c'uinbincs  with  the  potassium  and  forms  potash, 
,  ,;  bydrogcn  earrien  «ilh  it  a  nuiall  porttuu  uf  the 
nclal,  nud  taking  Rre  from  tbc  beat  eTolrcd,  burns 
■d  (lame  ;  the  iiK-tiil  rnclts  and  Hir!n)N  about 
r,  and  Knally  di^apjicars  wilb  an  cxplosiTO 
t»  tbu  globule  of  mcllcd  potasli  which  is  formed 
.ton  bceotn-  <  ntlycool  to  come  into  coittnet  with 

FotaaritUQ  '  ,  .^cs  ocurly  all  gasea  whidi  ooulua 
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oxygCD,  if  it  be  beatecl  i»  contact  nilli  them  ;  and  at  a  high  teiii>' 
peraturc  it  will  ruinove  o\ygi'u  from  nlnio»t  nil  bodies  into  tlic  con- 
stitution of  which  that  elenicint  enters.  It  becomes  seoeasaiy 
therefore  to  prc»erTC  the  mcta)  eitlier  in  exhaiietcd,  hcrmctifaillf 
lealoil  glii!>£<  tiibe*,  or  under  tlic  nurfuco  of  »onie  liquid,  Ukc  naphUta, 
wbicli  doc3  not  coutaio  oxygen.  At  a  heat  short  of  redness  pata»- 
sium  abwrb*  hydrogen  and  becomes  concerted  into  a  grr^'ish  mass. 
It  cntoia  <lircctly  into  combination  nitb  the  halogens  and  willi 
»nIpliur,seIonium,  and  tcUuriiuu,  burning  vividly  when  hratcd  with 
them.  It  likcwijie aiiftorba  carbonic  OKide  with  fadhty  when  heated 
modcratelT  in  it,  or  wlicu  the  vapour  of  puta-^sium  is  alloncd  to 
condente  flowly  in  an  atmonplierc  of  the  gas  ;  a  black  mass  is  thus 
farmed  from  which  the  metal  cannot  be  recovered,  and  which  often 
oocasiontt  oon»)dcrable  waste  in  the  ordiiuiry  method  of  preparing 
potaMinm. 

{466)  Prcjmraiion. — 1.  Davy  originally  obtained  potasi^ium  by 
decomposing  a  frngtncnt  of  hydrate  of  potash  (which  had  become 
slightly  moistened  upon  its  surface  by  vxposnre  to  the  air  for  a 
few  minutes]  by  the  current  of  a  voltaic  battery  of  aoo  or  S50 
pairs  of  six-inch  plates,  on  Wollaston's  conBtruction.  The  dry 
hydrate  is  an  inauhitor,  but  a  trace  of  moislurt  confers  upon  it  a 
sufficient  degree  of  conducting  power :  under  such  drcumslsnoea 
globules  of  metallic  potiLSKium  arc  M-parated  at  tlie  nqpitirc  wire, 
and  may  be  preserved  under  naphtha,  llicy  bum  Tividly  in  air, 
leaving  an  intensely  alkaline  residue.  This  method  of  procuring 
the  metal,  however,  furnishes  it  only  in  very  small  quantity,  and 
i*  dilTicult  and  expensive. 

2. — <iay-Lussac  and  Thenard,  in  i!4o8,  invented  a  method  by 
which  potassium  may  be  obtained  by  purely  chemical  means  in 
greater  abuudaucc.  Iron  turning  were  heated  to  whiteness  in  a 
curved  giiu-burrcl,  which  was  covered  with  a  clay  lute,  to  preserve 
it  from  the  action  of  the  air  at  a  higli  temperature,  and  melted 
hydrate  of  potash  was  allowed  to  pass  slowly  over  tlie  ignited  iron ; 
decompoitit iun  ensued,  the  iron  combinitl  with  the  oxygen  both  of 
the  potash  and  of  the  water,  and  potassium  along  with  hydiDgcn 
poned  forward:*,  the  potassium  condensing  in  a  copper  recetvev 
whidi  was  kept  oool. 

3. — The  process  by  which  potassium  is  now  obtained  oon««t« 
in  decomposing  the  carbonate  of  potash  by  charcoal,  a  phui' 
originally  invented  by  Curaudau,  and  improved  by  Brunncr.  Thia 
operation  has  been  carefully  studied  by  Donny  and  Mareska  {Ai 
de  Chmie,  HI.  XMV.  144).  In  order  to  ensure  a  successful 
r&sah,  attenljou  to  a  number  of  mSnute  '^Qctalwaaa  iA  f^\^\t£. 
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Tiio  maUrrial  which  is  Iwst  adapted  to  lU  preparation  is  the  potash 
mil  of  «ome  vcgctAblo  acid,  which,  wlitru  (locoinpo«C(l  by  hiukt  in  » 
TCBscl  from  which  air  is  excluded,  Icaces  a  large  quantity  of  ratrbon. 
For  this  puqio«:  the  noiil  tartriitw  of  jiotjwh,  or  cnidc  Inrlar,  is 
jircfcrred.  AI>out  6  lb.  of  this  substaucc  is  placed  iu  a  ca{)acioua 
Lion  cruciblu  furnished  tvith  a  cover,  and  ignited  till  it  ceases  to 
L  tuit  coin))U'<tni1c  vaiiourt.  A  poroua  maaa  of  carbonate  of  polasb, 
iHlimatcly  mixed  with  very  finely  divided  carbon,  is  thus  obtained : 
this  i*  rajiidly  cuoUxl  by  moistening  the  exterior  of  the  crucible 
with  cold  water ;  the  charred  mas*,  when  cold,  is  broken  up  into 
lumin  of  about  the  nxe  of  a  bazeUiuit,  and  tjuiokly  introduced 
iDto  a  WTongbt-iron  retort.  This  retort  \a  osnally  made  of  one 
if  the  iron  )x>ttli»  in  which  mercury  in  importc<I ;  it  is  introduof^ 
iiilo  a  furnace,  a,  as  shown  at  b,  tig.  310,  and  placed  boiizoutally 
npon  supports  of  fire-brick,//;  a  wrought-iron  tube,  d,  4  inches 

Fie.  310.  710.311. 
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Iwig,  aen-efl  to  convey  the  vnpour*  of  potassium  produced  dnring 
die  dUtillation  into  a  receiver,  f,  which  il  i»  found  most  odvan- 
ttgeou.4  to  construct  of  the  form  shown  separately  in  fig.  311,  It 
ewiwsts  of  two  pieces  of  wrought  iron,  a,  h,  \\W\c\i  are  fitted  closely 
to  each  other,  so  aa  to  form  a  shallow  box  only  a  quarter  of  an 
i&cb  deep,  and  arc  confine<l  in  their  places  by  clamp  screws:  the 
ip«a  plate  should  be  one-sixth  of  an  inch  thick,  1 2  inches  long, 
■ail  5  inchea  wide ;  the  receiver  is  open  at  both  end?,  the  socket 
Stling  iiiwii  the  neck  of  the  iron  retort.  The  object  of  preparinK 
iho  receiver  of  this  particular  fonn  is  to  ensure  the  rapid  cooling 
oT  the  |iotaiwium,  and  so  to  withdraw  it  from  the  mlion  of  the 
arbonic  oxide  wliich  is  dtseagaged  during  the  whole  process. 
Wore  this  receiver  is  connected  with  the  tube,  rf,  the  fire  is  slowly 
nued  until  the  retort  aUaina  a  dull  red  heat;  powdered  vitrified 
Wax  is  then  sprinkled  over  its  oxterior ;  the  boran  meW*,  wvi 
bms  a  ctmtiag  vhich  protects  the  inctal  from  owdfttiou.    'YVa 
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lieat  ia  then  urged  until  it  Iwconies  very  [iiipn««.  A  tm 
coke  iki)(l  chtinxinl  fonn»  a  fuel  well  n(]i(iloil  to  tlits  purpoM 
sliould  be  tfikcR  that  the  tctnpcruturc  of  the  furnace  be  n 
cqiiallv  tliroiighout  every  pnrt  m  jiowible.  Wheu  a  full  d 
wiiite  heat  is  atuincd,  vapours  of  poUiMiuni  hvj;iu  to  «ppJ 
huro  wilh  :t  hrilliuiu  flame:  the  recciv<>r  ia  now  tuljUKtMl 
iron  ucck  of  the  retort,  which  is  uot  allowed  to  project  rui| 
n  quarter  of  nn  iiieh  tfirough  tlie  in>u  jtlate  wliieh  fomii] 
the  fnuit  wall,  c,  of  the  furnace,  lest  the  tulie  shnulil  I 
oWtrtielc<\  bjr  the  aocimiulatiou  of  aolitl  jwtaMium.  SfaoJ 
olutructiou  occur,  it  must  be  removed  by  thmsting  iu  aii  iiJ 
if  lhi»  I'liiU,  t)ie  fire  muxt  lie  immediiit^rly  uilhdnMii ;  lhl«  u\ 
clTect4-«l  by  removing  the  fire  Imrs,  ff,  from  the  fiimooc,  «l 
execptioii  of  two  whieli  Mtip|iort  the  retort ;  tlie  fuel  lln»  fii 
ihe  ashpit.  The  receiver  is  kept  ooo!  by  tlic  applicattou  <■ 
elolb  upon  )t»  exterior.  ^Vhell  the  operation  i>  compM 
receiver  with  the  potftssium  is  rcmorcd,  and  InaUntlr  plonaJ 
a  vv»»i\  of  rcclifietl  Pcr»iau  nnphtba,  provtilei)  w  ith  a  raren 
vco^el  i-i  kept  eool  bv  immersion  in  water,  When  ihU  an 
ii  vuflicicutly  colJ,  llie  iwtAssium  ia  detached,  and  prD>erteil 
naphtha.  I 

In  unlcr  to  obtain  the  tniuimum  produeo  of  [lotaMial 
neccsaarj-  that  tlie  niiilurc  of  carbonale  of  potaah  anil  enrbcn 
contain  i  atom  of  carbonate  of  potash  to  i  alom«  of  en 
69  parts  of  the  carbotiale  by  weight  to  t3  of  carbatu.  In 
application  of  heat  tlio  mixture  is  vbolly  concerted  intafl 
oxide  and  ijotassitim  j  K(>,(;0,+ s<;=K+3  CO.  llH 
usually  yields  about  one  fourth  of  its  nci[;ht  of  erudsfH 
totat  Um  during  the  proccMi  being  inevitable.  Dminy  and  9 
roun<l  this  low  to  amount  to  about  one  third  of  the  entire  m 
of  the  metal  contained  in  the  charge.  1 

The  potassium  so  obtained  U  not  pure ;  it  is  oooeanfra 
jcct  it  to  n  vpcoad  dtNtillation  in  an  iron  retort.  Tht*  pn 
is  ntenlial ;  for,  if  it  be  neglected,  a  black  detonating  eoJ 
is  Hi)ec<lily  formed  by  ex)KMnirc  to  the  atniu«pbere,  am)  ia  cJ 
duccd  K|K>M  tan  county,  although  the  metnl  1'    '  '  *4 

tbiH  Aul>i^t^l)oe  explode*  violently  ujou  thi  •:rm 

purified  motal  amounts  to  about  two  Ihirda  of  the  qn  1 

on.  A  third  dintillntitm  niny  Ik  DCocMar\  '■'  *'  [.l^^m 
quired  in  a   state  a(  perfect  purity.      A  1  "itV^^ 

almost  always  remains  in  tlie  tube  atlochrd  to  th<  1 

pnlcr  to  prcvcut  the  ptusibility  of  the  formation  of  ti><'  -i^jm 
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pond  itlroidy  montioitpd,  it  in  l)ot  to  dctftdi  this  tul>e  as  soon 

colli,  ami  tu  immerse  it  in  iruicr. 

V?)    Otii>v«   nf   P(»T*«»ntM.— PotaMmm   forms  two  coni- 

wtth  oxygen:    m  jfmluxidc,  v\t\c\i  coneititutes  potnsh,  the 

the  iiakv  uf  tW  alkiili;   und  n  icroitdc,  which   docit  ngt 

vith  itoida. 


'  orpatuaiiun 
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■-■'■?:-  of  Palatsiu'H  (KO^sfij). — This  RulMtancc  is  formed 

'im    x*   txiriiei]  in  a  Mlvcr  >|H)on,  or  \\\\ou  a  inrus  of 

^chliinile  of  potassiitm  in  an  cxceas  of  oxygcu  gas  ;  a  ycUowiHlt 

•,  fuKililc.  nt  o  rod  lu^nt,  is  Uiuj*  ohtiiincd ;  aa.  it  coo)»,  it 

icaly,  crystalline  texture.     It  parts  rciulily  with  ila 

'iixygcii  toi:omliiiKtil>li-«,  iiiiii  i*.  di>c(imj)o»ed  hy  water  with 

nnn  of  oiyffcn  aud  formation  of  a  solution  of  pure  potash, 

QudL'  of  potawinm. 

foliLih  (K()=47), — This  compound  can  be  propnred  in 
bydrciuA  funn   lir  oxidnting  {lutii^i^iinn   \u   thiu  slices  in  air 
frped   from   inoiitturo  aud   carbonic  acid.     It  is  white, 
lUDsectit,  aud  caustic ;  wlicn  moinlcncd  with  water  it  be* 
kndfscent:  aAer  it  haa  thus  become  hydrated,  no  degree 
ia  siilGcicnt  to  cxpc]  t1>c  water.     Anliydrous  potash  fuses 
fNt,  mil)  iH  volatilixod  at  n  Iti^h  temiiemtuTX!.      For  nuivt 
(the  prcwncc  of  water  is  immalcnnl,  pjtasli  is  therefore 
[I5  prociiroi)  in  t]ie  state  of  hydrate,  in  which  form  it  may 
no)  wiihoTit  difficulty. 

ir«/f  of  F'Aiifh, iir  CaiaOc Poituh  {KO.nO«56;  8/*. Gr.  V2) 
by  difisolnog  carhonntc  of  potash,  of  which  the  ptarlath 
.Ft  iiiiptirt!  vnri<-t.v,  in  10  or  13  time*  its  weight  of 
riK  tn   ihc  boiling   solution    a   quantity  of  eauMtic 
in  weight  to  half  the  enrhunatc  of  potfuJi  immI;  the 
■mid    (k-   !-t.iked,  mafic  into   a  thiu  paste  with  water,  and 
in    small   ]>ii:iions  at   a  time,   *<i   that   the  liijuid  may  he 
at  lite  lioUitig  point :  a  crystalline  carbonate  of  lime 
I  vdrat''  of  potii'Ii  remains   in  i>olution ,-  KO, 
5    KO.no+CaO.COj.     After    decantation 
pm^ipilalv  the  ttqnid   is  rapidly  cniporated  ia  a  clean 
'ill,  when  the  heat  is  raised  nearly  to  redness, 
iitiou,   liko  oil:   it   is  then  cither  cast  into 
hi  a  metallic  monhl,  or  Is  ponred  upon  a  cold  stone  dah, 
lifius  ou  vouling.     Hydrate  of  potAsli  may  be  obtained 


•mI  htoexte  of  potabb. 

r-*--=u:^L    i   ics=e  raombohcdrons,  (H0,K0+4Aq),  fori 
_;    .  iiL-rstrm'i  u;ieca9  wlntioD. 

i  ~in.-i  :z  pcusa  s  oae  of  the  most  indispensable  reigali 
::i;    ienLs!.      l~   s-  ■i'^reijre  necessarf   that  he  should  be 
-»_*  ■   -,  i«r-j^  V5  Tcr.rr.  and  if  needful  prepare  it  forUn 
-jr  :    T-i-^rt'i.  jiiT-  ritir^-itiaie  of  potash,  in   crystals,  m^ 
^     .:-.>;■.  u  "ie  7Lj:L--»r  abore  described  by  means  of  lioM 
■J. ... ,     -■—    :u*:k   =ar":le.     The   impurities  which  occuf  i 
rv. -:-.;■"    ::    .'fiiaary   caustic  potash    are    carbonic,  iniphi 
'■-jr-ti-.vrt.  laii   *;li.'io  acids,  lime,  alumina,  oxides  of  inn 
:i_.  _::-  iin-siiiL'  :i  pcrdisium.     If  pure,  it  is  perfectly  solaUh 
•=.;-  t:::?. -i.  ;!ftr*'«o;::i?e;  a  diluted  solution  gives  no  precifl 
■-  ;    ai-  s-jaR.T.  *io»ing  the  absence  of  carbonic  and  «al[Ul 
i  ,*     '.    ■■«•»  n:  Twcipitate  with  oxalate  of  ammonia,  ihowl 
i      .-««•:■.-:  n  izsi.     Oa  neutralizicig  it  mth  nitric  acid,  niH 
^  c-  ^-^Tr?  3.-   T^wipitate,  showing  the   absence   of  chknj 
-    ..  -   r  .::  -.-.c  or  nietallic  impuritlea  is  shown  by  the  al 
i--    ■p-<.\ri:^:c  . ;;  the  addition  of  hydrosulpbate  of  ami 
^>l:     xiajsi.  »bf^  pure,  is  wholly  soluble   in  alcohol,  tba  I 
■  .-r-.- ;..i.' :   TSiz.:i^ncA  remaining  undissolved.      Common 
::..    s.   •K—.'.t^  :^e-  purified  by   forming  a  solution  of  it 
.    -  ■  ■.  li-  -  :i.i  -r..^  io*n  to  dryness  in  a  silver  vessel,  till  it 
■;,■  i^-vV-vl  is  thus  expelled,   the  melted   hydn* 
\-  ■  i  *:",ver  plate  from  the  black  crust  which  b4 
■.    ^  ■  ^..v    i-..i  when  cold  it  is  broken  up  and  placed  iC 
,  .^..  v;^.-.  j 

■.:i.  s  1  solution  of  pure  caustic  potash  by  introdfl 
■  ,-.  .1    li-iiU-  of  slicct  copper  a  mixture  of  i  part  of] 
^   •-.  X.  ;  :-•  ,;  p;irts  of  clean  copper  clippings ;  the  ttH 
•  -\-'.'\  -»;'■>.-   beateti  to  moderate  redness   for  about 
"" ;    t-w*  Thus  obtained  is  next  treated  with  water, 
^   „:,it   allowed  to   deposit  the  o.'side  of  copper  i 
■«*■.  which  can  be  closed;    after  which  the 

^      .  .     .    -lire  potash   may  also  Ijc   readily  obtai 
s. .  ..^'ii  i-'f  hydrate  of  baryta  to  a  solntion  of 
,   -j^     ..:-■■.  the  liquid  gives  no  further  precipitate 
....    I  :lie  Milpliateofpotash;  KO,S03  +  BaO,: 

...  -,    t   -j»a»h.  after  fusion,  is  a  hard,  greyish- 

;    .t-«.i>  ibturhs  both  moisture  and  carbonic 

' "  ^. ,    i  i,>«iiioie  in  about   half  iu  weight  of  water,  » 
S^ti*  ■*  ,>»4»««««»We  l>cat;  it  is  likewise  soiuble  in  d 
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Eextont.  Hyilmtc  of  jiotanh  hiis  n  pecniiar  naasrous 
Hd  tatte  ;  it  is  a  powerful  caiitcrr,  and  quioklr  dr- 
ill antnikl  aud  Tcgctnbb  matter*  ;  for  this  reoaoti  ita  solu- 
liDt  be  ti)trrr<1  c.icopt  tlirougfa  ponndcd  glass  or  ea»d,  and 
beat  claririfd  by  allowing  the  iniparitiea  to  lubtiide,  and 
iting  the  clear  li([ni<t.  The  solutioa  should  be  prc*crrcd 
:(ttlw  intD  tho  composition  of  which  no  oxide  of  lead 
the  Hnliitioii  gradually  dissolves  this  oiido  out  nt  tJtc 
t  alio  attacks  rcascis  even  of  green  glais  and  of  porcelain 
lUd  in  thrm. 

iblloiniiu;   tabic   ^ivcs  approximately   the   proportion  of 
puUsh  contained  in  too  jtarts  by  weight  of  solutions  of 
oif  variouB  deitsities ; — 

Strength  tff  SoluiioM  of  Potath  {DaJton). 
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liquor  Poleuta  of  tlir  phartnacopteia  contains  ncnrly  6 
of  the  ootid  hydrate,  and  has  a  ep.  gr.  of  1  '060.  Tlic  con- 
solation nsicd  for  ur^iiit^  aniilv^i*  m^^•  be  obtained  by 
■t  I  pai*!  of  tlie  h\ilrate  in  3  parts  of  water, 
hi^fli  Irmperatiire  hydrate  of  potiuh  i*  wholly  volatilised ; 
itlv  the  water  rannot  be  espellod  from  this  hydrate  by 
apjilioatiiin  of  heat.  It*  afTiriitic^  are  !o  powerful  that 
b  ore  (bund  capable  of  resisting  its  action ;  those  which 
ilJca  nre  deeoinpot>od  by  it,  and  jilntiniim  ittclf  is  osidixed 
\tm\  iu  contact  with  it :  gold  and  silver  mist  it  better. 
inpoaea  the  Rxed  oils,  and  converts  tlicm  into  soluble 
Itpn  ruH.1l  iritb  >iilioeouB  mioerala  it  displaces  the  hoses, 
line*  *ith  tlie  silicn,  forming  Hilicatc  of  potash.  Potash 
ivelj  emptnyed  in  the  arts :  to  the  soap-boiler  and  the 
er  it  i*  indifipcnsablo;  when  combined  with  nitrie  ncid 
Ij  into  the  maniifiii'ture  of  gnnpiwder,  and  in  greater 
y  it  fbmvsbvs  important  aids  to  a  variety  of  pfo- 
in  the  mnniifaeturcs  of  the  country.  In  the 
ii  in  eooatant  use  for  ab«orbing  acid  gaw*  guch 
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aa  rjirboDic  ociA,  and  for  sq^amting  the  mctiilHc  osidiM  rrom  Bol 
tiuiiK  uf  their  tialt:!,  aincc  o»iiig  to   the   powerful  sSiaitv  of  tin 
alkali  for  acids  it  readily  decomposes  the  salts  of  nil  the  metali 
wliivli  [>ro<litcc  oxi<l(-H  insoIiiI)l<^  iii  water. 

Potash  is  present  iu  small  pro])urtion  in  all  fertile  wiU,  tbi 
gniud  rc^-rvuint  of  thiK  nlknli  being  the  difTeneiit  varieties  of  cla]>; 
which  contain  3  or  3  per  ccut.  of  it,  dcrivL-d  from  the  disintegra- 
lion  of  felspar,  in  which  it  pxi.ttii  in  the  proportion  of  from  10 
to  12  per  cent.,  nud  certain  kinds  of  mica,  which  ricld  5  or  6  pCt 
cent.  Itj^  t'.\pu!<uri.-  to  tlic  air  and  atmonplicric  vtciMitude^,  then 
rocks  become  gradually  disintegrated ;  their  soluUc  constitucnl^ 
potash  nmong»t  the  niiinher,  are  taken  up  by  the  water  which  Uik 
upon  the  earth's  surface,  and  arc  assimilated  by  the  ptauts  nhkk 
spring  from  its  bosom  ;  they  accinniilale  it,  etpocially  in  tbs 
leaves,  young  shoots,  and  succulent  jraits.  Owing  to  this  cir 
cumstnucc  large  <]uantities  uf  pottiish  mny  be  obtained  with  facility: 
dried  bru»liwood  is  incinerated,  and  the  remaining  aih,  which  scldoi 
coustitutes  more  than  i  per  cent,  of  the  dry  wood,  eout:un:>  the 
potash  in  the  form  of  carbonate:  tlie  sail  ia  extracted  by  wattt 
from  the  insoluble  portions  (479}< 

(461))  Sn.rRinEs  op  Potassicm.— Pota»»ium  tnkes  fire  reaitity 
and  burus  with  brilliancy  when  heated  in  the  vapour  of  sulphur. 
It  combined  with  this  element  in  not  lewii  than  4  aiid  poMtibly  ii 
_5  different  proportions,  KS?,  KS(,KSj,KS^  and  KS^.  Owing  to 
this  circuinsitaiiee,  the  reactiontt  which  occur  when  eutphur  Js 
heated  with  potash  kk  somewhat  complicated ;  bnt  they  are  not 
well  uiMler*tood,  and  may  be  traced  without  ditTieuity. 

Frotfimlphidc  of  Potasxiuni  (KS). — Some  doubt  exists  as  H 
tlie  possibility  of  forming  this  compound.  The  usual  dirccttolN 
ai-e  to  heat  sulphate  of  potash  in  a  current  of  dry  hydrogen,  or  ta 
mis  sulphate  of  [lotash  intimately  with  finely  powdered  Charcot^ 
and  ignite  iu  coTcred  vessels.  Bauer,  however,  {Ckem.  Gas.  i8j|8 
468)  finds  that  owing  to  the  Kulphnnc  acid  being  reduced  beM 
the  alkali,  the  result  ia  not  that  uisnally  represented  by  fl 
equatiou,  K0,S0s  +  4  Il=KS+4HO,  but  that  a  mixture  of  taH 
lUudi  and  a  variable  amotnit  of  one  of  the  higher  sulphida  ol 
potassium  is  the  rcHult.  The  residue  obtained  has  11  rodjub 
yellow  colour;  it  is  deliquescent,  and  acts  powerfully  upon  tin 
skin  as  a  caustic,  ^Vhen  a  current  of  sulphuretted  hydrogen  i 
transmitt>.tl  through  a  solution  of  eanntie  potash  it  is  rapidly  ab 
sorbed ;  and  if  the  gas  be  allowed  to  pass  till  the  liquid  i»  eoio 
oleteJy  saturated,  the  compound  KS.tIS,  will  lie  obtaitied  in  sola 
m.     Jt  ia  colourless  w\ku  fti&t  ^TCY^tc^,W\. '"&  v^^owd  to  tb 
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B)rl»  oxyspii,  aDd  acquirer  a  yellow  colour,  owing  to 
of  hiMittiliiilo  uf  potassium^    KS,US  +  0  =  KS|  + 
L    U  is  luunll}*  Alatdl  tliat  !f  a  solutiou  or  [wUtih  be  dirided 
qiial  jM)rtioii-t  aii(i  one  \k  converted  into  the  liydrosul* 
ul[)tiidc  of  pota&^um  (KS.IIS),  aiid  be  ttieii  mixed  vith 
bAImt  tialf  of  the  nolution  of  pottwli,  a  »oliittou  of  pure  proto- 
lide  will   be   olitaiiied,   KS,HS+ KO.HO  Iweomiiig  2  KS  + 
If  i«  |iu»-vil)lc,  however,  that  thU  is  not  so ;  but  that  both 
ic  potash  and  the  hydrosulpha  te  remain  unaltered  in  the 
On  ihe  nihlition  of  ii  strotiji^r  acid  sii1)>hurcttod  hydrogen 
off  atiiiudautly,  aud  this  would  occur  whichever  view  were 
oo  ■alphur  being  dcpowtvd ;  for  2  ES-fs  (no,SOj)s 
;OJ  +  jHS,  andKS,HSTKO,HO+i(HO,SO.0=a  (KO, 
2  US +  1  HO. 

nilphate  of  potaah   be  mixed   in   line  powder   witli    ludf 

;l)t  (if  liim|ihlnck,  and  he-nted  in  ■  corcred  crucible,  the  aul- 

reducpd  to  sulphide  of  potassium,  vhich  reniainH  in  «  Roely 

•toto  mixed  with  the  exoewi  of  charcoal,  and  yields  a  jtyro- 

ar  catapouad  which   takes  fire   spootaiieounty  in   the  air, 

the  lirat  vniilti-(l  by  iu  npid  aha^rption  of  oxygen,. 

bi*uli»hide  (KSj)  may  be  formed  by  exposing  an  akoholic 

of  KS.llS  to  the  air  tttl  it  hc^in--*  to  become  turbid,  and 

ng  to  dryucsa  tn  vactto.      It   fuses   eauly,  and  is  of  an 

colour. 

trrmtpkide  (KS,^)  is  obtained  pure  by  paaaing  the  vapour  of 

It;  uf  cnrtiou  over  ignited  carbonate  of  potash  as  long  an 

makes  its  escape :   earlxinic  acid  and  carbonic  oxide  are 

w   follows;   a{KO.COj)+.iCS,  =  a  KSj  +  4C0+C0- 

old  process  of  makiu^  ^"-"^  ofaulphur,  69  pans  of  dry  car- 

of  potAsh  are  futed  with  40  part*  of  sulphur ;  tlic  resulting 

ili-liruwn  maas  consists  of  3  atoms  of  teraulpbide  of  potaa- 

I  atom  of  sulphate  of  putiudi  :  purt  of  the  pota«h  in  tliia 

oxygen  to  one  portion  of  the  sutpliur,  and  forms  sul- 

id,    aa  Nhoftn   in  the  annexed  equation  :  4  (KO,CO^  + 

O,S0,  +  3KSJ+4C0,. 

vlphide  (KS^)   may  be  formed  by  reducing  sulphate 
tlio  vapour  of  bisulphide  of  carbon. 
tttsulphide  (KSj)  is  formed  by  l>oilii>g  a  solution  of 
V  pr»:cdiiig  Nulphides  with  exccs.s  of  sulphur  till  situratcd, 
.{;  ntiT  of  the  dry  stilphidi-s  with  an  excess  of  sulphur ; 
of  miilpliur  ncparntcs  and  floats  above  the  sulphide,  wliicllj^ 
rk  livrr-hrgwu  colour ;  it  is  deliquescent,  and  furmn  a  docpl 
alutinu  iu  water. 

--^ 
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All  tbcso  sulphides  luivc  an  slkkline  rmctioR  to  totj 
and  a  more  or  Icks  distiuot  odour  of  snliihiircttcd  bydnijic 
the  additiou  of  a  stronger  Kcid  thcjr  are  dtcompoaci)  tritli 
tion    of   vnlplmrelted    hydrogen,    altcoded,    iti   tUo   cuel 
but  the  pratoBolphidc,  by  the  pracipitstion  of  vltitV',  fiiicljj 
sulphur.     On  luldiug  the  [icrsulpliidG  to  an  exceea  uf  hfi 
addof-ip.  gr.  about  I'l,  the  pcmilpbidc  of  hydrogen 
sepamtvd  us  aii  oily  liquid.      By  expodn({  wlntions  of 
sulphides  to  air,  tliey  become  colourlcas,  hyposulphite  i 
is  formed,  aiiil  ttio  cxccmn  of  sulphur  is  separated.     Wbe)^ 
tion  of  caustic   potash  is   boik'd   «rith  sulphur,  a  dc 
cn«ues  Himtlar  to  that  which  occurs  tilicn  pota«h  and  salphfll 
fused  together ;  a  deep  rcddi»h-Tcllow  liquid  is  formed,  «)ii| 
tains  hyposulphite  of  potiLsh,  and  one  of  the  higher  suljil 
tlie  metid:  3  atoms  of  potash  and  ti  of  milphur  would  tB 
msli  1  atom  of  liypoi^nljiliite  am!  1  of  petita-iulphide  of  poll 
3(KO,IIO)4-i3S  =  KO,SgO,4-iKS^  +  3lIO.  I 

(470]  CULOHiDK  or  Potassium  (KCI=74'j) ;  Sp.  On 
— Thi«  salt  U  extracted  in  conaidorable  quantity  from  H 
asliea  of  burnt  sea-weed,  and  is  used  largely  as  a  nouree  cJ 
in  the  manuliicturc  of  alum.  It  may  be  prepared  pure  hyl 
neutralizing  bicArbonato  or  carbouate  of  potanh  with  hydtl 
acid,  ami  e^nporatiug.  It  crystallizes  lu  cubes,  and  is  vcfjl 
soluble  in  cold  water,  which  takes  up  about  a  third  of  ltd 
attended  with  great  depression  of  temperature.  100  polla 
salt  contain  4765  of  elilorinc  atid  S^'SS  of  potassium.  H 
narkable  that  tliia  salt  possesses  the  property  of  absoti 
Tapours  of  sulphuric  anhydride,  forming  a  hard  trattibMfl 
{KCI,  3  SOg),  B'hich  is  instantly  decomposed  by  «f^H 
clirumie  acid  it  forms  a  corresponding  eumpuund  fKCI.I 
which  is  also  deoompo»«tl  by  water:  it  t»  obtained  isl 
when  a  solution  of  bichromate  of  potash  in  bydrochlufiia 
allowed  to  dystallixc.  I 

(471)  BroUIDK  or  PoTABSICH    (KBrv  1 1^  ;  Sp.  Gr.  I 
This  is  u  very  solubh:  salt,  which  cr^-stallius  in  eubea.     iJ 
of  it  contain  67*21  of  bronnine  and  yi'jH  of  potA-  1 

be  ubtaiuvtl  by  adding  bromine  lu  u  sulutiou  ui 
nutil  the   liquid   acquires    a    slight    pcrmanflut  j 

broniidC  of  itotiutsium  and  hromale  it  ^dfl 

disnulves  tlie  mixed  Milla  iti  water,  di... ...,     ,     ...^  •'^^^M 

current  of  anlpburetted  hydraKvii,  wara»  gi-utly  to  a|i^ 
CO*  of  thr  laH 

iiDlIicMilu  ^1 
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K  Or.  3'059. — This  mlnntilu  inLilinnc  may  l>c  procured  in 

(■}■•     A  simple  method  tx>DBisU  id  udding  iodine  to  a 

of  potsnli,  gently  iriirtncil,  until   tho  itolutioa  bepnB  to 

bcDvii  tiat.     Iodide  of  potaHaium  and  iodatc  of  polasb 

id;  «I  +  fiKO«.5KI  +  KO,IOi.     By  gentle  ignition  aS 

aa  obtaiiinl  by  evaporation,  the  iodate  is  decompotcd, 

vtiiitiiiiug  iodiilc  fuMis.     The   »alt  must  sot  bo  strongly 

li  iodide  of  potoasium  is  volatilised  by  a  red  heat.     A 

Ra  ta  to  digest  3  part«  of  iodine  nnd  1  part  of  iron,  in  ft 

I  vessel,  v'ith  to  parts  of  water,  the  iron  being  ptirpondj 

I'uxct^n ;  itndcr  these  circumstanocs  protiodide  of  iron  is 

f  tho  direct  union  of  the   metal  iritli  the  iodine :  the 

Uien   boiled,  nu<l   a  solutiun  of  carbonate  of  potash  is 

Mnall   quautitiea  so  long  aa  a  precipitate  occurs;  the 

■  next  filtered  from  tlw  insoluble  carbonate  of  iron,  and 

ratmn  it  yteliU  crystals  of  iodide  of  ))Ot«itKiuni ;  Fcl  + 

=  KI  +  FoO.CO,. 

D  of  potaaniuiti  oiyit«llii«s  in  anhydrous  cube*,  which  in 

are  not  JeliqueMent.    It  is  rciy  soluble  in  vater,  and  to  a 

iteut  in  alculiol;  it  has  a  cooling,  bitterish  tnstc.    100  parts 

t  oouuin  76-j  of  iodine  and  %y$  of  potassium.     Its  aoIu- 

the  property   of  diMolving  an  additional  «]uiralcQt  of 

ith  which  it  forma  3  deep  brown  liquid. 

eof  potimium,  if  pure,  should  be  completely  tolubloin  six 

I  weight  of  alcohol  (sp.  gr.  0*83);  it  should  not  efienesce 

'  X  ith  hydrochloric  acid  (oitrbonate  of  potiuh  would  be 

J   _  ijrveaoenoe),  and  it  should  not  turn  brown  by  ttie 

iha  uit) ;  if  iodate  of  potnvli  were  mixed  with  it,  free  iodine 

.^liuwn  by  the  brown  colour  developed  on  adding  tlir  acid. 

or  PoTissicu  (KF=58)  is  a  very  deiiqucsfnitsalt 

traliung  hydrofiiioric  acid  with  a  solution  of  jiotash. 

nn  alknliiic  miction  iind  corrvuU-^  glaiw. 

SiucortiroKiui!   or    Potassium  (KF,Sil-'g=  1 10). — This 

of  tlio  most  insoluble  compounds  of  potassium ;   it 

trans]tnn-nt  gelatinous  preciiiiiatc  irliencvor  silicoflooric 

jliU.'d  til  a  salt  of  putasL  ;  it  dric»  tu  a  nhite  enrthy-look- 

AdTootage  is  occasionally  taken  of  its  insolubility 

'    '  im  some  of  the  acids  with  which  it  i»unit<-il : 

I  i  isaoinclimcH  prepared  from  cblorateof  potash, 

POATB  Of  Potash   {K0,S0,=87);  Sp.  Gr.  3-64.— 

tuiiu  5403  per  cent,  of  acid,  and  4j'9S  of  potash.    It 

in  auliyilrouB  eis-sidcd   prisms,  terminating  in 
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eU-s'ulcd  pjrntmidx,  or  in  four-sided  oblique  rltofobic 
requires  about  i6  paru  of  cold  irater  for  solutiou.     Tbe 
dccn-pitaiU:  tttronglir  vtlicn  heated.    SulpliaU-  of  potub  fomit* 
of  double  salu  wiUi  sulphates  of  the  protoudcs  nbicb  are  ii 
pboUB  with  magnosia,  and  aiiotlicr  clma  of  aolta  (tbe 
alum}  with  tlic  eulphatca  of  the  acsquioxiilcs  iwmorpKo<i> 
alumiua.     Jaoqucliiin  fitidit  that  if  uoruiiii  iralphatc  of  ("fib, 
diaaolved  in  oiltic  acid,  a  little  nitre  aud  bieulpbatc  of  pulaik' 
formed,  whilst  a  salt  cooMsting  of  HO,NO(  +  a  (KO.SO 
lixes  in  oblique  pmms.     Ati  aualogous  compound  uiajr  '--      -^ 
with  phosphoric  acid,  3  HO.PO^  -f  3  (KO.SO,).  M 

BisiLPiiAiE  OF  IViTASH,  (KO,HO,  2  SO,=  i36) ;  Sp.  r. 
— Thi^  salt  in  forintrd  on  a  large  scale  w  a  rtTiiluury  jr  j 
tbe  preparation  of  nitric  acid  from  nitntc  of  potash ;  it  ift-flfl 
tnintM  of  tbe  oMcr  wrtUTif.  It  crj-fltallism  from  a  ^iH 
acid  solution  in  rboniboidal  tables,  which  fuse  at  a.  heat  H 
rcdoeu,  and  \rf  prolonged  ignition  lows  half  thinr  aiad ;  tl^| 
rerjr  soluble  in  water,  and  have  a  eour  bittcrlsb  teste.  If  ^| 
solved  in  iratcr,  tlic  nonnal  sulphate  cr^>t«lli«!a  fint,  B&d^| 
wards,  when  tlic  liquid  baa  become  Btrougly  acid,  tbe  buulpl^| 
deposited.  The  bisulphnte  occa»ioRalljr  cry*talli»*  in  ■■^l]^! 
needles.  This  salt  \&  sometimes  used  as  a  flux  in  cues  *h^| 
action  of  an  acid  is  rcquirnl  at  n  high  tcmpemturc  upoa  ^^| 
metallic  oxides  with  which  it  nmy  )>e  fused.  ^| 

(475)  NiTiiATi:  or  PoTAsti  (KO,NO^=iot} ;  Sj».  Gr.  f^f 
Saltpetre,  or  Niire  as  this  aalt  is  CrcqueDtly  termed,  ia  ant>^| 
most  important  and  ruluubic  salts  of  potash.  The  princi|^H 
plj'  of  nitre  is  derived  from  various  districta  lu  tbe  Eiut  ^H 
where  it  ocrum  sometime*  as  an  cQlorcsccoce  upou  the  i^H 
other  times  disseminated  through  the  superficial  stratum  >K^| 
appears  to  be  formed  in  the  moist  portiuos  of  the  Mil,  l^H 
little  distance  below  the  surface,  towards  «hicli  it  is  i>i^| 
capillary  action.  The  nitro  '\»  obtained  by  lixiviating  tbs  b^| 
allowiog  tbe  solution  to  er>-stalliKe.  The  enrth  wtndl  fi^H 
it  consuitx  priuciinlly  of  loose,  porotw  carhonatR  of  lime,  ^| 
irith  decomposing  felspar,  and  it  always  eoiilaitis  mora  or  ^| 
ortjaoic  mattcra.  In  tmiporate  climalus,  lu>lh  nitritnao^^H 
arc  almost  always  found  iii  the  sluillow  well-watcn'  oft(l|fl^| 

to  the  oxidation  of  nitrogen  coolaiocd  in  the  ain '  ''"'^^^l 

their  infiltrntiun  through  tbe  soil     Xotwiilis!  ',^^^| 

.  gitioHR  of  J.  Oiivy,  of  Ktddmann,  and  of  otii  <^^H 

flcutiun  i"  still  n-ry  imjierfi-ctly  undcrstouil.  -^^H 

uf  uttrc  has,  boworer,  been  praetiicil  iritli  <  fl 
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I  Riimtni:^  of  Hiini|>i',  uliicli  fiirniRh  nniiunllj  n  Inrgc  ttnioui: 
lialt.  Ill  Sutnlm,  tins  mijijil}'  of  iiitrf  U  c<.>tiM<lt're<l  of  ituch^ 
titnt  cacti  Iniiitoil  proprietor  is  obliged  to  pay  a  certain 
inn  uiirp,  Uie  qiianlilj'  reiiuired  Wing  {miixirtioiie'l  to  t!ie 
'Uto  taiUitc  {Bem-liiii}.  Where  iiDiiniil  mutters  arc  prcficiit 
acc,  the  foniiatiun  of  nitric  lund  is  eliietly  <]ue  to  the 
1  iHudati4.)ti  of  atninoiitn  developed  in  the  procrss  of  pulnv 
Ttio  prc&cDce  of  a  oert:un  amount  of  inoi>turc  is  n«-ei>- 
nd  the  oxidation  is  materiall}'  faranrcd  \ty  an  excess  of 
ite  of  iMtAab,  of  lime,  or  of  -tome  biuiic  miWdiicc  which  ciia 
with  tlic  ncid  at  the  nioment  of  iu  generation.  Ozoue' 
lo  have  the  pow«r  of  oombioiiig  dircrtly  with  nitrogen;  it 
■vibly,  as  Schuubciu  conjectures,  be  concerned  in  the  tiatu- 
luetion  of  nitric  acid,  nud  indeed  it  i»  not  improhuble  tlint 
id,  ia  favourable  cases,  due  to  the  sloir  combiuation  of 
me  nitmjfen  and  oxygon.  The  proccw  of  uitritleniioubc- 
HrrcstLtl  U"  the  temperature  bo  allowed  to  fall  much  below  60*. 
Ptantationg. — The  method  udoptod  in  the  artificial  pi-o- 
nf  nitre  coaaiala  in  placing  aniina]  matters,  iniaglcd  with 
lituc  nihbish,  in  loowly  aggregated  hcapR,  cxpoHcd  to 
but  sheltered  from  rain.  The  heaps  are  watered  from 
time  with  unnc  or  stable  runnings;  nt  NtiitAblc  iiitcrvaltj 

14  liniriated,  and  the   )>alt  erystnllized.     Three  ye 

clapHJ  before  the  nitre  bed  is  vrgi<hL-d  :  aft«n-  this  ititemd  a 

I  foot  of  the  dfhria   should  yield    between  4  and  5  ounces  of 

A«  then  u  always  a  coitsidcrable  quantity  of  the  nitrates 

I  aud  nmgneiiia  prewnt,  u'ltieb  will  not  eryatallizc,  carbonate 

■h,  iu  the  shape  of  wood  ashes,  is  added  so  long  as  any  pre- 

occiirs.     The  nitrate  of  lime  i^  decomposed,  and  the  iosa 

carbonate  of  lime    sqiaratcd  j    KO,COj  +  CaO,NO;=C*0, 

■  KOjNO,.     Tlie  clear  litjuor  is  then  evaporated  and  crj'slat- 

It  is  found  by  the  sallpetrc-builer  that  the  earth  in  which 

onoe  bocu  fanned  fiirut.-'hea  frc^h  nitre  more  readily  tlian 

Rnt  oecaaioo.     Care  is  taken  that  the  nitre  planlal'wna,  as 

\,n  termed,  shall  rent  upon  au  imjiervious  Booring  of  clay,  eo 

lie  liquid  whicli  drains  away  from  them  may  be  collected  and 


PruMto,  by  a  more  methodical  treatment,  a  cubic  foot  of 
;  yields  about  30  ouriecs  of  nitr*;.     Ilie  leaps  are  so  coe 
10   form  a  ternicc  of  steps,  exposing  the  bnck   in  tl 
aji  uprifjbt  wall  to  the  prevailing  wind ;  the  watcriog 

liile  upon  llie  cxpoavJ  i>idc  the  evaiioralion  pro*' 
,-.-uty,  aitd  here,  from  capillary  action,  the  mirc 
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chiefly  accumulates :  from  time  to  time  a  layer  of  varth  U  Kmmi 
frotii  tliiH  wull  fur  liKivSiiiiun,  itiid  tlie  wo-tlied  earth,  mixed  with  A 
frcsii  portiou  of  auimal  matter,  is  returocd  sysUimatically  to  tlie 
otlicr  side  of  tlie  heap. 

The  washing  of  tho  earth  charged  with  saltpetre  i»  ooodactad 
ia  a  Hynteraiitic  mutincr,  so  a«  to  avoid  uniiig  a  larger  <)uautity  d 
water  than  is  actually  ueedcd  to  dissolve  the  saltpetre,  tht 
operation  ru»eiiil)U'N  that  i^iiipluycil  iu  wailing  liall-soda  (491),  and 
is  minutely  described  by  liegnault  (Cours  Eiimeataire  tic  CAimit, 

Besides  the  natural  and  artificial  sources  of  nitrc  just  described, 
this  Mdt  occurs  also  in  solution  in  tlicsap  of  ccrtun  pluuUi,  anioii^ 
which  the  sunflower,  the  tot»£co  piatit,  aitd  oommon  borage  nu; 
be  enumerated. 

Properties. — Nitre  usually  crydtalliees  in  long  ais^sided  etai 
fttcd  prisms,  terminated  by  dihedral  summit*  ;  hut  it  i»  a  diIIU>^ 
pbous  salt,  and  is  occasionally  obtained  by  spontaneous  eraponUion 
of  small  drops  of  its  solution  in  microKopic  rhombubedru,  isomer' 
phouH  with  those  of  nitrate  of  soda  :  it  is  soluble  in  3 1  times  iti 
weight  of  cold  water,  and  alx>ut  a  third  of  its  weight  of  boiling 
water ;  it  is  insoluble  in  ulcoliol :  its  taste  is  cooling  and  salim. 
If  paper  be  dipped  in  a  solution  of  nitre  and  dried,  it  forms  nfall 
is  well  known  as  low/i-jiaper,  uhieb,  when  once  kindled,  atndOj 
smoulders  away  till  consumed,  and  hence  it  is  largely  emplovGd  ia 
tiring  trains  of  powder,  fireworks,  kc.  Nitre  fuses  easily  without 
decomposition  at  a  tcmpcratm-e  of  642°,  aiid  wbcD  cast  into  mouldy 
solidifiCK  to  a  white,  fibrous,  translucent,  radiated  mas«,  knows  h 
tat  pruaeUe.  ^^'hen  heated  to  redness,  part  of  its  oxygen  is  u- 
pelled,  and  a  deliqui:«ccnt  mass  of  nitrite  of  potaxb  is  formed.  Bf 
a  still  stronger  heat  the  nitrite  i»  decouiix)sed,  nitrogen  misM 
with  oxygen  escapes,  and  a  mixture  of  potash  aud  tctoside  0 
potassium  remains.  100  parts  of  nitre  contain  53*46  of  uitric  aci 
and  4^*54  of  potash. 

Owing  to  the  facility  with  which  nitre  i>arts  with  oxygen,  i 
ia  a  |)owcrful  oxidating  agent,  and  is  in  frcc|ucnt  demand  iu  tin 
labomlory  for  this  purpose;  when  thrown  upon  glowing  coals i 
produces  a  brisk  scintillation.  If  nitre  be  intimately  mixed  wil 
any  metallic  sulphide  in  fiuc  powder,  such  ns  sulphide  of  aulimon) 
and  thrown  in  small  quantities  at  a  time,  into  a  red-hot  crucibh 
the  sulphur  burns  with  a  brisk  dffiagralion,  or  rapid  combustion 
into  sulphuric  acid,  which  combines  with  the  potash  of  the  uitn 
■'hilst  the  metal  at  the  same  time  becomes  oxidized  to  tho  mat 
9.     la  tiic  caseof  antimonj,tti«tt«.4s'i!'«^'^«*'Vw*o"«*«« 
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fl-i'  ■•  -  ilpre  into  cotuliinntion  witli  tlie  potash.     Aii- 
u  (:  .  taken  of  tliis  oxidising  action  of  nitre  ill  order 

vert  Ainki)  <|ituititie»  v(  Miil|ihur  in  Imdica  of  orf|;iinic  origin 
^tulplmric  ncjd,  for  tiic  pUrpou  of  catimalinK  the  proportion 
l|<liur  wliicb  tiiey  ciiiitniii.  Tlic  quiuitity  of  vulpliurio  lU-id 
{iruiJucL-d,  admit*  of  oisy  aod  arouratc  determination  in  the 
a(  Nidphatc  of  harvta. 
[U;f))  Rrjining  (if  Stiitpetrf. — The  impurities  of  raost  frequent 
lOe  iu  iiitfc  are  sulphate  of  ]X>tiuh,  chloridft  of  pota«»iiim  and 
I,  and  nitrate*  of  liote  and  magnesia :  after  it  has  been  fowd^ 
th«  beat  haft  been  caulioti*ly  regiilutcil,  a  little  nitrite  of 
ia  liable  to  be  fornMnl ;  in  the  latter  case  a  fragment  ofths 
twben  moisteiieiluith  tiolutiou  of  Hulphnte of  copper,  bceomcs  of 
it  grecu  culour.  Nitre  may  be  Quicklv  deprived  of  chlorine 
ning  the  powdered  nalt  irith  pure  nitric  add  and  gently 
|*lt,  until  a  portion  of  it  whca  dU»olve<l  in  water,  gives  no 
with  nitrate  of  silver.  Nitre,  when  pure,  i«  not  deli- 
t,  aod  its  solution  gives  no  precipitate  with  solutioiia  of 
of  Iiariiim,  of  nitrate  of  silver,  or  of  csrbonatcof  putiub. 
the  nifiniD^  of  nitre  advantage  ia  taken  of  Uie  circnrantance 
it  the  wlubility  of  nitrate  of  pota«h  rapidly  increases  as 
tire  rises,  that  of  the  chloride  of  sodium  ia  ncitreety 
by  it.  It  was  formerly  the  practice  to  purify  the  salt  by 
•ve  crystallization!! ;  hut  thi-  lumc  object  in  now  elfected 
operation,  in  the  following  manner  : — In  a  deep  copper 
about  50  gallons,  or  joo  lb.  of  water  13  placed,  and  twice 
I  of  erode  nitre  is  added :  this  salt  gradually  becomes 
artd  fresh  nitre  is  added  until,  when  itie  water  hii>  attained 
ting  (Miiut,  a  quantity  of  nitre  lias  been  added  equal  to  three 
<:  of  the  water  employed;*  when  the  liiiiiid  has 
<  iL-ar  hy  a  few  minutes'  ebullition,  it  is  strained 
bs);  filters,  and  allowed  to  run  into  the  eryfibUlixing  pan. 
"'i/iUioii  is  eftcctod  in  a  shallow  tcs^"!,  the  bottom  of 
)iy  two  inclinetl  plimuN  which  meet  in  the  middle. 

Iti^  <i\i*u'-':\  of  chloride  of  (odtun  iii  Eaf\  Iiidisu  aitre  it  gm«nilly 
ill  ailr«  otitAmed  from  llio  '  bciJa  '  it  ofW  rites  to  a 
'■Mt*  tJie  li<|uitl  i*  skiainvd  from  tim«  to  tim?,  and 
I   Inrnc  proportion  of  whJch  rcmninx  tindiiitolrod,  is 
,  .rrvraU-d  taitlRii ;  na  icun  •*   nicri?  i-iiubI  to  about  5 
I  ul  Uii:  wjtvr  luui  l)mi  ii>1Ji.-(i,  llir  lolution  11  itiluli-d  nitli  twit'S 
FwBirr  at,  Gnl  cmploynl.  aftirr  which,  if  tb«  limiid  bo  itronijly 
<  ''.'  '!>'ediu  hot  wst«r,  ar«  a<lded,  sod  tkorou^lily  10- 

:•  I  (ho  cxiflgiiltisi  wlik'b  )«  roriBt.lI  ritca  m  a 
-  -V^irboJa  of  llu>  organic  impiuiti««d«riTt<l 
oily  r«moT«d.  and  tha  operation  is  aflo^ 
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In  tint  Tcwcl  tlio  solution  is  kept  in  cootinaal  afptatioa,  J 
to  prevent  the  formation    of  Inrgc  cr}'ittnl* :  tucb 
DKchuitnll}'  retain  the  iuother>liquor,  from  uhioh  they  < 
be  Buhsequcntly  freed  withuut  rccrTstnllizntion.     The  cli 
Rodiitm,  liciiig  iiKurly  aa  soluble  in  cnld  water  as  la  hot,  i 
almost  entirely  in  the  solntion,  whilst  the  nlljictre  U 
in  cxtreini^ly   sinall   cryatab,   technit^ly  termed  iottpetr 
these  arc  ullowed  to  drniu,  and  arc  then  rcmovnl  to 
vtded  irilh  faUc  jicrforated  bottoms,  where  they  are  deprit 
mot lier- liquor  nitlt  which   they  arc  Mituraled.     For  thi>  ' 
the  tanks  arc  eompletoly  filled  with  the  crystals,  and  upotil 
poured  a  solution  of  Ntttpctrc  saturated  in  the  culd ;  tlil 
dissnlvca  tlie  chloridcB,  hut  leaves  the  pure  nitrate  of 
distolvod.     In  the  course  of  a  few  hours  the  liquid  is 
and  tlic  tanks  are  then  lillcd  n\\  vitli  pure  water;  this 
charged  wiUi  nitre  containing  traces  of  chloridt:^,  whilst 
solved  wdt  is  almost  chemically  pure :  tbe  solutioD  of 
obtained  seriM  to  wash  a  fresh  portion  of  the  erystals : 
saltpetre  is  then  dried,  and  is  fit  for  use. 

(477)  Gnnpowdtr. — Tbe  principal  consumption  of 
tbe  manufacture  of  gunjwnder,  whJoh  oonsista  of  an 
tncclmnical  mixture  of  nitre,  sulphur,  and  charcoal,  in 
approaching  to  i  atom  each  of  nitre  and  at  aulplinr,  «ai 
of  charcoal  :— 

Uiearwte 

Kitn>     .    .    KO,KO,=sioi    .    .    ^^■i 
Sulphur     .9  b  t6    .    .     ij~j 

Chsroonl    >    C^  =:  18    .    .    irq 
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Tlic  proportions  used  vary  a  little  in  different  eouutrii 
•ocii  from  the  following  table : — 

CompotUlm  of  Gimpomler  in  100  part*. 


Nftie.    . 
Sulfibar . 
Clianwal 

■taalnw. 

Pr— lui. 

8m*A. 

BUnm4. 

16 
10 

'5 

75" 

"■5 
I3'6 

75 

.1 

75» 

9"9 
I4'4 

MS       ^ 

U«li<t. 

U-uUI. 

U«kM. 

UuWi.      fY^ik 

An  excess  of  sulphur  is  carefully  avoided,  on 
itijurioua  action  ti^wti  tlia  metal  of  the  guu.     Tho 
power  of  gUHiwwdcr  ia  due  to  il-      '  '       '      ' 
volume  of  »itr«>);cii  nud  cnrhunic 
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tanperuturc  of  the  air,  vou!d  occupy  a  space  equal  to  about  300 
tttnei  the  bulk  of  the  povdvr  used ;  but  from  the  intense  heat  clevc- 
loped  at  the  ntomcnt  of  tho  cxplonioii,  the  dilatation  amoiinls  to 
al  leut  1500  tini€»  the  volume  of  the  gunpowder  employed.  Sup- 
pomng  the  mixture  to  be  made  iu  the  proportion  of  1  atom  of  »ul- 
ptur,  I  of  nitre,  and  3  ntonis  of  carbon,  the  reaction  may  (kj 
approximatively  represented  thus: — 

S  +  Cj  +  K0,N0,  =  t3C0j  +  NH-KS. 

Tlie  ouly  Bolul  residue  therefore  is  sulphide  of  potassiuin,  and  part 
of  this  nlno  is  volatilized  by  the  heat  of  the  explosion,  burning,  tmd 
ing  tlie  white  smoke;    it  is  this  siihataiice  which  gives  the 
uliar  xilphurous  odour  to  the  washings  of  a  gun-barrel.* 
Jlocfa  core  is  requisite  in  the  selection  of  the  matenaU  for 
ibe  manufacture   of  gunpowder.     The  eharconi  must  be  humcd 
igbly,  hut  not  at  too  high  a  temperature:  that  front  the  willow, 
or  dogvood  is  preferred  for  the  purpose,  dogwood  charcoal 
employed  only  in  making  riflo  powder.      In  the  government 
at  Waltham  Abbey,  sulphur  is  never  used  in  the  state  of 
fcvera  of  sulphur;  iu  this  condition  it  'us  preferred  for  fireworks; 
hit  distilled  sulphur,  reduced  to  a  (iue  meal  by  grinding,  is  always 
■tod  Cor  gunponder.     The  Howcrs  of  Hulphur  nlway:s  contain  sul- 
|iban>us  acid,  which  becomes  speedily  converted  into  sulphuric  acid 
nd  attr«ct«  moisture.     Nitre  of  the  purest  quality  is  nione  em- 
ployed.    These  three  materials  having  been  at'p.iratcly  ground  and 
i&e6,  are  mixed  in  powder  in  the  proper  proportions,  and  arc  in- 
tinutely  blended  in  a  revolving  drum ;  they  ure  then  made  into  u 
•tiff  paste  with  water,  and  ground  for  some  hoiu«  under  edge-stoucs 
b  the  iRcorporating  tniU;  the  slightly  coherent  maes  thus  procured 
ii  tmiken  up,  and  spread,  in  layers  of  about  au  inch  iu  thickness, 
'  letmen  guu-mctiil  platen ;  it  i.<  then  nubjected  to  the  action  of  a 
fc^^nulic  prtns  which  exerts  a  force  of  70  tons  upon  the  square 
Snt :  a  haj^,  sonorous  muss,  termed  pref»  cake,  i»  thus  obtained : 
Iliac  masses,  whilst  still  damp,  are  broken  into  small  fragments, 
Vt  jramiiateti,  by  submitting  tliem  to  the  action  of  toothed  rollers 
■  a  machine  oonstmcted  for  the  purpose.     The  grains  are  next 
■rted  by  neaos  of  sieves  into  different  sizes,  after  which  they  arc 


f^  In  tnirtiiaK  gtrnpowdcr  in  a  copper  tiibo  with  tho  tii-w  of  collecting  the 
laofar  mercury.  OhoTrcul  found  n  imnll  proportion  of  drutoiidc  of  nilro. 
[ofearfiOBic  ondn,  andorcarbiircttiv!  hyuroucn.  witb  n  llttlir  mlpliuri'itf^l 
agaa,  wised  ottli  (li«  aitro^i'm  ami  i.-irbotiiL'  acid.  Bunapu.  and  I.inrk, 
aed  rrtulla  (onrewlial  diiriTcul,  but  ilio  It'uijicrulure.  and  conBcqui-ntly 
I  lie  rriulu  i>f  tlip  c<onibiiitioQ  proourtd  by  tbis  ccgulatcd  action,  are  reiy 
it  tVciui  Iboee  attoodii:^  the  firing  of  ortluanue. 
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thorouglity   dried  in   closcU  h«sted   by  strain,  and,  flnn 

gla::ed,  or  [loli.ilictl  hy  gilRcaiig  tliciu  ill  lurreU  caused  lej 

kbout  39  times  in  a  roionte.     Miniog  povdcr  u  oAcn  n 

adding  powdered  gra|iliit«  id  tlic  polishing  liarreU;  tliis  opin 

tanU  the  rate  of  ignition,  and  diminii^lics  tin;  hj-grosi-oiiic  tAnt 

tbc  powder.      A  cubic  foot  of  good  Kngli*b  cannon  povilei 

•)>out  5S  lb. ;  if  Ixilon-  55  lb.,  it  is  ocmsidcrcd  unlit  for  nd 

heavier  tlie  powder  tbc  greater  \»  its  explosive  potter.    Twi 

of  tbc  best  Englieli  powder,  when  introduced   into  n  mod 

inches  diameter,  set  at  on  angle  of  4^^,  should  throw  «  &| 

Irom  360  to  280  feet,  on  level  ground.  ; 

Good  gunpowder  burns  ra|>idly  in  the  open  air,  leii«l 

residue,  not  liiUckening  or  kindling  paper  upon  which  ill 

It  hw  been  found  Unit  n  powcrfiU  concussion  of  powila 

two  ])ioc«a  of  iron  will  frequently  kindle  it,  and  if  tbc  pi 

placed  niion  lead,  or  cren  upon  a  board,  it  may  be  osplod^ 

blow  of  a  lojuleo  hiUlct  fired  at  it.  { 

Tlic  object  of  grannlatinjr  tlic  powder,   independent! 

diininiittiing  it«    tendency   to  abcorb  rooistare,   is   to    EA 

rapidity  of  iDflammatioa,  hy  leaving  intcnticcs  tlimugh  ^ 

flame  iw  enahled  to  pcuetratD  and  envelope  each  grain.     1 

tion   of  tbc  whole   charge  docs  Dot   take   place  aimolf 

tlirongbout,  nor  is  it  dcvirable  that  it  should  do  so,  otherd 

cicnt  time  would  not  he  given  to  allow  the  Imll  to  reoow 

advantage  of  tbc  expan»ive  force  of  the  air  geuemted:  J 

an  action  would  be  expended  upon  the  barrel  of  tlio  goa  I 

eOeots  would  t>e  prcxUierd  like  tho^  due  tu  fnlniinating  I 

vbero  a  prolonged  bcanng  force  is  required,  a»  in  bUl 

IBining  operations,  tbc  action  of  the  powder  is  still  furtltcij 

by  mixing  it  with  sawdust;  the  powder  for  this  purpad 

contains  65  parts  of  nitre,  10  of  Hulphur,  aiul  15  of  chad 

the  formation  of  the  fusee,  the  quick  and  dov  matdi,  am 

kinds  of  fireworks,  gunjiowder  is   mingled  with  ecmbfll 

variouit  proportions.  j 

mic  analyMs  of  gunpowder  ia  eauly  ctTcvtcd :  lOoJ 

the  powder  for  examination  arc  dried  over  stilphuric  »aJ 

tlic  loss  indicates  tbc  amount  of  niuioturv.    Tha  mudoo  ■ 

in  water,  aud  wa.Hhed  :  t)ie  solution,  when  erapofwlcd  in  ■ 

|)oiked  c-ii)»«idc,  nnd  weighed,  fnrni*hr«  the  ajnount  of  A 

other  salts.     >^itmle  of  baryta,  when  added  to  a  aololid 

aalta,   acidulated   with   nitric  add,   will  yield  the  aniH 

iu  the  funti    f       '  !    '       if  baryta;  ai. '  ,;»  4H 

■dded  to  tlic  '  from  the  >  i  I'  M^H 
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ir<  '  ling  tlie  ninoiint  orclilonn^  from  the  prccipi 

r.     TIk  fliKrrMHl  ntic)  Aulpliiir  are  ntutainei 
portion  wliich  did   not  tlissolrc  in  water ;  ihcy  may  be 
liT    means  of    lniiu)[)lii(lc   of   mrboo,   or    by   tlie   tisc 
at    a   l)oiliiig    tcmjieratiuc,   which    d)aK>lve8    out    Iho 
ar,  mnd   leaves  it  in   the  crystalline  form   by   »poiituncou« 
I),  wbilit  the  chuooal  ia  left  undissolTcd  and  may  be 

I  laistun:  of  3  prta  of  nitre,  a  of  carbonate  of  potaafa,  and  t 
•ulpliur,  pnMlncea  a  compound  kooirn  as  jMlvi*  fulminant, 
M-bcii  beatDil  on  «u  iron  shovel  until  fuiioa  takes  jtlace, 
ily  cii[ilo(Ics  with  a  ^ety  loud  rcjtort. 

ITK  <ir  PuTAnn  (KO,XOj)  is  a  white,  antiydrouB,  deli(]ue»* 
.  which  may  be  obtniunl  iu  cr^-stal*.     It  may  be  procured 
ring  nitre  by   fusion  at   a  red    beat,  disBolriog    the 
water,  and  allowing  the  nitre  to  cry»taUixe  out  of  the 
ont  uitrito,  which  may  he  obtained  by  evaporating  the 
to  drynesa. 
^78)    CaVoaATB    OF   PoT-UH    (KO,C104=ia2-5);   Sp.   Cr. 
>ne  mode  of  preparing  this  salt  has  already  bcai  explained 
It  may  bo  more   economically  obtained  by  exposing  to  a 
Dt  of  ohlorioe  gas  a  mixture,  tn  a  slightly  damp  state,  of  €q 
[of  carhuiuite  of  potash  and  168  parts  of  caustic  lime,  pre- 
rcduoeil  to  the  state  of  hydrate;  chlorate  of  potaah,  car- 
lime,  and  chloride  of  calcium  arc  formed:  boiling  water 
I  biilh  the  chlorate  of  potash  and  the  chloride  of  calcium. 
'  ■•  are  nmily  separated  by  crystallization,  as  the  chlo- 
..^.^M.  .  16  parts  of  cold  water  for  solution,  and  the  chloride 
ablo  to  almoat  any  extent.     The  chlorate  of  pota&h  is  depo- 
[m   anhydrous,  rbomhuida],  pearly  tables;  it  has  a  cooling 
'"•bat  analogous  to  that  of  nitre:  100  parl»  of  boiling 
ivo   61*5  of  the  salt.     When  heated  to  between  yco" 
the   salt  melts,  ami  at  a  liighvr  lom|ierikture  is  dceam- 
fnniivlnng  oxygen  gu»  uf  great  purity,  and  leaving  ehlaridc 
>niu)  aa  a  fixed  n-siduc   bdiind.      100  parts  of  the  salt 
ii'64  of  chlt>ric  acid,  and  3836  of  potash :  when  heated  to 
-3  1    purtt  of  chloride  of  j)0ta--«iun]  arc  left,  and  39*79 
tftu  cmlved.     The  chlorate  is  a  more  powerful  oxidising 
^au  uilratn  of  potasli;  and  if  eonihnntible  nubttaueos,  sucll 
lur  or  phosphortis,  be  rubbtxl  with  it  forcibly,  eombinatiou 
[yscn<  accompanied  by  detonation,  cnsaex.     Chlorate 

'[jally  conPiimcd   in    the    manufacture  of   lueifcr 
.  at)   oxitliziug  Agent  iu  certaiu  operations  of  ibc 
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calico  priiiU-r.  Wlieii  oAilcd  to  n  folut'ion  ndtlalatcd  irii 
bjdrochloric  acid,  it  is  often  used  is  the  laboratory  as  an  oii- 
iitiag  agetit. 

The  friction  tubes  employed  for  firing  cannon  are  cliarged 
with  a  roixturu  of  2  ])&rta  of  chlorate  of  ))i>ta»h,  z  of  sulphide  a 
antimoiij',  and  1  part  of  powdered  glass.  A  mixture  kooim 
under  the  nnine  of  white  gtinpowdtr,  cutisiirtinf;  of  chlorate  of 
polaiih,  dried  ferrocvanidc  of  potassiuro,  and  siij^ar,  luis  »ome> 
times  liccn  manufuetured  for  blasting  purposes ;  but  its  preimratioa 
ia  attended  with  very  great  danger,  on-ing  to  the  facility  vilh 
which  it  explodes  by  frii.-tiuii,  a  circumstance  wbtcb  has  cause! 
several  fatal  accidents. 

Pkuchluiutkuf  Potakh  (K0,CI0-=I38'5)  crystallizcb  in  an 
bydrouH,  prismatic  needles,  which  are  very  sparingly  t>olnble  in  ccli 
water ;  its  principal  properties  aiul  the  mode  of  preparing  it  haf« 
been  already  described  (322).      100  parts  of  tlie  wit  contain  65o^ 
of  perchloric  acid,  nod  33'93  of  pota:<h ;  when  heated  to  rediicM  it 
gives  off  4611   per  cent,  of  oxygen,  leaving  53*89  of  chloride  0 
potaasium. 

(479)  Carbosate  of  Potash  (KO,COj=69);  Sp.  Gr.  i'loj, 
— This  important  salt  is  obtained  in  large  qiiantttics  for  commer- 
cial purjioaes  by  lixiviating  wood  ashes,  and  evaporating  the 
solution  until  it  cryatallines ;  the  mother- liquor,  when  it  cools,  ii 
poured  off  from  the  crystallized  salts,  as  it  retains  the  more  twiuble 
carbonate  of  potii.-*h,  and  when  evaporated  to  dryness,  affords  tlu 
pota»hrs  of  commerce,  and  these,  when  calcined,  yield  the  impure 
carbonate  known  as  jirarliia/i.  HilTcrent  plant*,  when  bnnicd, 
furnish  varying  quantities  of  the  alkali,  which  they  extract  from  the 
soil :  the  leaves  and  young  xliooLs,  where  the  vital  action  is  tbe 
most  vigorouH,  are  tbe  parts  which  furnish  the  greatcHt  quantity 
of  alkali.  Ilerbaeeouit  plants,  therefore,  gcncndly  furnish  more 
than  blirubs,  and  shrubs  more  than  an  equal  weight  of  Umber. 
It  appears  from  the  expcrimcntii  of  Violcttc  that  the  variation  in 
the  quantity  of  a«li  obtained  trom  different  parts  of  the  same  tree 
is  extremely  great.  Thus,  taking  the  quautity  of  ash  found  in 
heartwood  aa  the  unit  of  comparison,  the  proportion  xa  otim 
parts  wn«  aa  follows : — 

Burk  of  branches  .     .      11 
Koot  fibres  ....      16 


Heartvrood  . 
Iloot  bark  . 
Bark  of  trunk 


I 

5 
9 


Leaves aj 


ud  H  is  stated  by  Chevandict  [Ann.  de  OitmcAW.  1..  \x<j\  thai 
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Hiy  of  wb  Tartcd  as  follows   for    loo   paru  of  (liffcrcat 
of  tliv  nuotl  uf   tlio  uiulcrmcntiuucil  trt'c*: — 


BolUMm, 

Atmi, 

tatlbiMMbaa. 

Bf»<>h 

OJ3 

•■54 

o-:a 

OflV 

'"94 

»49 

'■■*2 

£»ti> 

o-.>7 

t'oo 

0-48 

tnc^produciog  countries,  a  considerable  quantity  of 
|iot«il)  of  good  quality  is  furaixlied  by  buniiiig  iho 
after  the  ferweulatiou  is  complete.  The  jea-Ht,  for 
u  pressoil,  dnod  to  tbc  >uii,  and  burned  Id  sboUow 
i  this  dry  ycaat  furniahea  nearly  to  per  cent,  of  its 
tlic  ir&rboiiau;.  Potash  duc8  not  vxiitt  in  plants  in  tb« 
cnrbonate ;  it  occurs  in  them  in  uniou  with  different 
thcKc  orgitnic  acids  arc  destroyed  by  tbe  nctiou  of 
i)g  iDciueration.  These  acids  nlirays  contain  more 
>D  is  MtifBcicnt,  wbco  oildixed  by  the  air,  to  form  the 
carboDic  acid  requisite  to  iieutralinc  tbe  potash;  and 
iDttU)  of  potonh  thus  produced,  as  it  is  not  dccompowd  by 
reataioa  behind.  In  the  ashea  of  plauts  various  other 
ices  are  likewise  prcteut,  but  tboec  which  art^  soluble 
li^wlly  of  the  sulphate  of  potiuh  and  chloride  of 
1 J  these  Alkiiline  Molts  usually  itniountiug  to  from  10  to 
niL  of  tbe  entire  quaotity  of  ash. 

irer  mrbouate  u  obtaitMxl  for  chemical  purposes  by  ddla- 
miituro  of  purified  creain  of  tartar  with  »u  etjiuU  i]iukti- 
ititrc.  The  mass  is  thrown,  in  smalt  portions  at  a 
rat-hot  orucililc! :  in  thiit  operation  the  nitre  yieldi 
the  vegetable  acid,  conrcrtiii^  the  csrbon  which  it  cou- 
csrbouic  acid,  whic:h  enters  itito  combtnatiou  nith  tbe 
itb  of  the  tartar  and  of  the  nitre,  since  tbc  two  acids 
mutual  decom|>ot>ilton :  the  carbonate  of  potash  is  cx- 
ni  tlie  dry  mass  by  lisiviatiou. 
te  of  jmtaiih  is  a  deliquescent  salt,  whieli  is  with  difB- 
iii  obli([uc  rhombic  oetuhcdral  crystals  with  2  Aq. 
tbe  aiihydroii*  i«aU  contain  6i$'i  i  of  potash,  and  31 '89 
e  acid.  Its  reaction  upon  test  paper  is  strongly  alka^ 
an  acrid,  alknlitic  taste.  Its  solutious  hare  a  {icculiar 
ell :  ICO  parts  of  water  et  60^  dissolve  90  of  carbonate 
and  at  the  boiling  point  take  up  305  parts,  or  rather 
'  >  >r  weight,  of  the  salt.  Alcohol  docs  not  <lis- 
i ! '  uf  putAKli  (ana  by  expoaare  to  a  red  heat, 
^rery  h\sU  temperature  is  partially  \-oIatiliscd ;  at  a  red 
■i  by  nilica,  carboiiii;  »c»l  Iniiig  expelled  with 
U-;  the  silica,  uniting  with  tlic  slkali,  forma  «i\U 
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it  a  true  Kilicsti*,  tlio  bitHiK  of  odc  of  tliv  varieties  of  glass.  Ailran 
tage  is  takeo  of  this  |iro[>crty  in  tbc  annly&iA  of  naiiKYa!  Hubstauoti 
wliicli  contaiD  n  liirgu  qunutity  uf  oilicn,  aofl  which  arc  not  easil; 
decomposed  by  the  action  of  acids.  For  Uiia  puqioae  Uie  minenl 
to  Ix;  uiiiitj-vi:4l  is  reduced  to  no  extremely  line  powder  by  caiefol 
tevigation ;  a  portion  of  this  powder  is  accuraiely  weiglicd,  and  tlra 
Lintiiiiatcly  mixed  with  about  3  times  its  irci^ht  of  carbonate  d 
Dtash  (or,  still  better,  with  tlirice  its  weiglit  of  n  mintore  of  5 
parts  of  dried  carbonate  of  soda  and  7  parts  of  carbonate  d 
sh) ;  the  whole  i»  introtlui^i^d  into  a  platiiium  cracible,  anA 
'exposed  to  a  bright  red  heat  for  nu  huur.  Tlic  mass  enters  iats 
fusion,  carbonic  acid  encapca  witli  (:fl'er\  cHi^eiice,  and  n  silicate 
potash  is  formed,  by  which  means  all  the  bases  <^  the  minerals 
vhich  Iwfore  were  combined  with  the  wilica,  are  set  at  liScrqr. 
Upon  now  treating  the  moss  with  diluted  livdrochlorio  acid,  the 
Hlicate  of  potusli  i«  decoin|iosed,  the  earths  ami  metallic  oxides  an 
dissolved,  and  the  silica  is  partially  dissolved  and  partially  wpi- 
rated  in  the  hydratc<l  form.  In  order  to  deoompOM  the  hydrats 
of  silica,  the  solntion  is  evaporated  to  dryness,  nKnstened  will 
bydrochlorie  acid, and  again  treated  with  water;  the  wb(^  iai 
placed  upon  a  filtor,  and  the  silica,  after  being  well  wasbe^ 
remains  behind  in  n  eitato  of  purity.  The  analysi::*  of  tbc  filterel 
liquid  is  then  finished  according  to  the  ordinary  method  adopted 
for  substances  dirtHJtly  soluble  in  acid*. 

Carbonate  of  potash  is  largely  consumed  in  the  arts,  as  Ibr 
example,  in  the  nianufact  uru  uf  »vnp  and  of  ghvm,  and  for  prepariuj 
cau»ltc  potash  and  other  compounds  of  potash.     It  also  funiishc* 
the  chemist  with  one  of  his  mo»t  indiKpcnsnhle  reagents. 

(4S0)  Alkalimetry. — Since  the  quantity  of  alkaline  carbonate  ii 
liable  to  great  variations  in  different  sjimplcsof  the  ssh;  andainoe 
tlie  commercial  value  of  peorlaHli  dejiendH  ujion  the  amount 
carbonate  whicli  it  contains,  a  rapid  and  snfficleiitly  aceurais 
method  of  aualjsitt  of  this  salt  tiecomea  a  desideratum.  In  ordn 
to  efl'ect  this  object,  the  process  termed  alkalimetry  has  been 
invented.  In  principle  it  dcpentln  upon  the  determination  of  tha 
nun)l>er  of  divisions  of  a  diluted  acid,  of  definite  strength,  whid 
loo  grains  of  tlic  dilfcn:nl  samples  of  ash  are  capable  of  neutra- 
lising ;  the  neutralization  being  estimated  by  the  action  of  the 
solution  upon  blue  litmus  paper. 

The  acid  solution  which  is  to  be  employed  i«  tneaaured  from  a 

burette  or  alkalimettr,  which  is  a  tube  of  the  form  sliown  in  fig. 

J13.      It  has  an  internal  diameter  uf  about  fire-eiglitha  of  an  inch, 

aid  is   sufficieatty  tall  to  eonUun  TaX\\cT  mott:  ^^^u  \wic)  ^gc^us  a 
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p  Bjwcp  occtijiiml  by  looo  grains  of  uatcr  iit 
off  itml  iiidiiatctl  ns  o,  aiid  the 
subdivided  into  too  eqitnl  [airtu, 
tlo  of  cutiUitiiiig  lo  graitiB  of  natcr: 
nry  teiitli  division  the  number  forrcn- 
a  it  in  placed,  the  uutnbers  iucreasing 
a  downwards. 

lu   pUn»  have   been  proposed  for  pre* 

«  dilutitl  acM ;  the  following    in  Ktib- 

thc   &ninc   lu    tli.it    recommended    by 

iChemiral    itanipulnlnn,    jrd     cd.,    p. 

hat   the  odvautagc  of    being  readily 

tu  uny  niknli. 

ftiiin  of  Hnlpburic  acid  is  prepared  by  diluting  the  ordi- 
icrrrial  acid  witli  8  tiroeii  il«  bulk,  or  nearly  5  timi>s  its 
"  ■' rd  water;  when  coo),  tbc  iTquid,  which  may  be 
iic  acid,  Hhoiild  have  aHpeL-itk  granty  of  ri268. 
to  ascertain  whether  the  strength  of  this  alkolimctrie 
-  \y  iidju»te<i,  a  (juantity  of  cry»la!lixfd  bimrhoiiale 
ill  in  a  plalinnm  crueiblc  in  order  to  convcit  it 
oarbnualtt-:  the  fnsi-d  maiM  ih  poured  ii|inn  a  clejin  iron 
ioo  gmiua  of  it  arc  quickly  weighed,  and  dinsolred  in 
of  water  iu  a  t>niall  evaporating  bji»in.  PiUiletl 
ient  to  fdl  35  divisions,  is  now  to  be  introduced  into 
icter,  whtdi  coii»cqucnlly  i^  to  be  filled  tip  to  the  mark 
diluted  acid,  and  water  is  to  be  added  until  it  etsiids 
:  th<'  acid  and  water  are  to  be  tbon)ughly  mixed  by 
Iw  witli  tbc  thumb  and  finger,  then  inverting  and 
the  tulx*;  after  whieb  th«  Hqniil  U  added  to  the  solution 
ite  of  |i(itJi«b,  which  is  to  be  gently  warmcil  in  order  to 
carbouic  acid  a»  it  U  liberated.  A  piece  of  blue  litmiw 
ft  vmnll  qnnulity  of  infusion  of  litmus,  is  placed  in  the 
the  acid  is  cmutiouHly  added  niitil  tbo  litmus  i»  distinctly 

!v  rc<(ldened.     The  acid  liquid,  if  proi)crly  diluted, 

II,  in   each  diviaiou,  »ullicicut  sulphuric  acid  to 
of  enrtma:itu  of  [wlash  ;  and  the  entire  contents 
...;.t.  U--r  siiowld,  therefore,  exactly  produce  this  effeet. 
laa  100  divistooB  of  tlic  acid  be  rc<[uircil,  the  test  acid 
;  if  ir*«  lliau  too  divisions,  it  is  too  strong;. 
that  93  divisions  of  the  acid  w<-rc  suttident,  the  alka> 
Tram  which  it  was  prepared  roust  hAVO  contaitted 
tr  ''    aeid;   every  95  measures  of  this  acid, 

t  (1  witli  5  mrwum  of  water.     If,  on  the 
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otiic-r  hjitti,  more  acid  Umo  loo  divisions  bo  rc^iuired,  t^y  105  V 
needed,  Ihc  ncid  contains  one  twcntiollt  too  mucli  wiitrr;ltii; 
qunntitj'  of  atkalimctric  acid  used  in  tlie  experimput  n^iuircs  tlie 
addition  of  one  twcntictli  more  of  «ci<)  thnn  it  onginallT  con- 
tained ;  now  t\\<-  i]Uantitj  of  aikalimetric  arid  used  waa  35  divi- 
sions,  and  titc  one  twentieth  part  of  this  !■>  i'7j,  but  onlv  one  fiftii 
of  this  if  pure  noid  (UO.SO,),  so  that  o'2_;  |mru  by  wright  of  the 
oil  of  vitriol  ori^nalljr  used,  must  l)e  added  to  each  35  pans  \tj 
vcight  of  alkalinietric  acid.  This  corrcclioti,  thongh  not  matlie- 
laticalty  exact,  is  perfectly  sufficient  for  all  practical  puqwsc*. 

f^TIie  alkalimctric  acid,  ivlien  duly  adjusted,  in  prewrved  in  Iwttlci 
which  are  accurately  closed. 

Having  tiiiis  prepnrt-d  a  test  acid  of  the  proper  xtreneth,  loe 
grains  of  the  sample  of  pcarlash  for  trinl  arc  dissolved  in  3  or  4 
onnccs  of  water,  filtered  if  ncceswiry,  and  then  tvstc^l  iu  the  »uin 
manner :  the  nuinbci'  of  divisions  of  acid  consumed  will  indicab 
the  pcr-cciitage  of  carl)onate  of  potash  present  in  the  sample. 
Tlie  same  acid  may  be  employed  to  determine  the  quantity  0 

iioda  preecut  in  any  tample  of  »oda  a«h  ;  but  as  a  certain  trei^! 

<  of  aoda  neutraliecs  a  proportionately  larger  amount  of  acid  than  u 
equal  weight  of  potash,  the  alkalimeter  must  be  filled  to  a  highi 
mark  with  the  acid.  For  the  determination  of  the  (pianli^ 
pure  potn»h  in  any  umple,  the  acid  must  be  poured  iuia 
burette  till  it  stands  at  the  division  49,  and  the  tube  tnuxt 

L  filled  up  to  o  with  water.     Kadi  dirtnion  will  then  contain 

Iflofficient  to  neutralize  1  grain  of  anhydrous  jK>tnsh. 

If  filled  with  acid  to  65,  and  then  filled  up  with  water, 
division  will  correspond  to  i  grain  of  cMrhonaU^  of  potash. 

If  filled  to  54/>,  and   then  filled  up  with  water,  eadi  divisii 
will  indicate  i   grain  of  diy  carbonate  of  soda :  and  if  filled 
23-4,  and  then  wat«r  be  added  to  o,  the  acid  tn  eadi  divi»ion 
oeutratize  t  grain  of  anhydiuus  soda. 

In  easea  where  grcjitcr  accuracy  is  required,  the  acid  nolntii 
jnatead  of  being  measured  from  the  biin-tte,  in  weighed  ;  and 
this  jniqiosc  the  solution  is  placed  in  a  light  flask  of  the  f( 
shown  in  par.  [796). 

In  estimating  the  value  of  soda  ash,  which  often  contiiins  mj: 
phide  of  sodium   and  hy|io*uljihite  of  soda,  an   error  nii^lit 
occasioned  by  adopting  this  method;  because  both  the  snli  li! 
sodium  and  the  hyposulphite  of  »oda  would  be  dceomposefl  by  tii 
sulphnrie  acid,  atx)  would  neutralise  it,  and  thus  would  be  reckoi 

as  cuvhoiwXc  of  »oda. 

The  jircsencc  of  caiistic  aWtiW  to  mw  «atv^  w.  cmV'j 
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hf  tbc  ftotion  of  tlie  whttion  u|K)n  nitnitc  of  ulver :  tbo 
lee  of  tiic  nikfllics  fKcn^uit  a  nliite  [irtvipiutc  of  cnrlwnate 
;  but  if  tbcy  cuutikin  uny  caustic  alkali,  a  brown  prccipi- 
nf  lifdratcil  oxitlo  of  sihcr  is  [>ro«)uccil.  TItc  [tref^iice  of 
\in  in  tbi'  luh  in  imint-iliatcly  miuiiicstcd  by  tbc  odour  of 
'  liydrogeii  wliicb  h  cvolvcit  on  neutralizing  tbc  solution 
1;  if  nuy  Hul^iliidc  Ik  prcaent,  it  vill  bli»cki-D  thi! 
r,  aud  interfere  witU  tbcir  apiilicaliou  as  a  test  lor 
ujtb  or  Kodu. 
)  Alkaliiteti-y ;  Proceai  <j/"  fViU 
THttui. — ^Tlic  proportion  of  car- 
acid  ill  any  Hatnple  of  alkali  is 
oMrerttuned  by  mvans  of  tbc  appa* 
aplriytyl  fur  tlie  purpose  by  Will  sikI 
.,  FcprciicDtol  in  lig.  313 :  6  is  a 
of  aliout  3  ouocm  capacity,  in 
greiiis  of  tbc  alkali  ore  placed 
,t  1  ouncn  i»f  water:  d  i«  a 
ik,  in  which  about  an  ounce 
half  by  mi^nsiirc  of  oil  of  vitriol  is  placed.  A  aoond 
tted  into  the  neck  of  c-^wb  HasV,  and  is  pierced  with 
for  Ikii  nvcptiun  of  tbc  lubca,  a,  e,  and  e,  all  of 
iipLii  at  both  ends :  the  tube,  a,  i»  •uflideutly  long  to 
111  in  tbi-  flank  ;  c  ih  a  ()ent  tu1>c,  the  1oii;;cr  limb 
Mitii  tbe  acid  lu  the  fia»k,  d.  Tiic  outer i-Mrcinity 
{  iluriug  the  experiment,  by  a  ping  of  vox  or  of  soft 
llxc  apptimtus  U  obarged  in  the  manner  already  dc- 
Di]  t"  acfwalL'ly  wrifibfd  after  it  lias  been  comiectcd 
A  partial  raiTuuni  is  now  made  by  applying  tbe  mouth 
-id  exbaustini!  a  portion  of  the  air;  on  ct^a^ing  to 
-.  risn  ill  the  Iii1>c,  e,  and  pasica  over  into  A  to 
>'llit!  plnci:  uf  tbe  air  wliieh  baa  lieea  withdrawn;  cfibrves* 
"'•■  tbr r«eit[H^  of  the  carbonic  acid,  which  piusce 
.  c,  and  is  dried  as  it  bubbles  up  throogh  the 
in  tbr  lbi*k,  d.  As  soou  u  the  efTcn-t-acenoc  ha« 
*  111  of  acid  is  forced  over  from  d  into  b  by  again 
_  :be  air  :  and  ihio  prLic4-i(>  is  re[icatc<l  until  uo 
OCT  is  occasioned  by  the  freUi  acid.  The  plug  of 
rlraifii  from  tbe  tube  a,  aud  a  current  of  air  i» 
iic  apparatus  by  exliaustiug  with  tbc  mouth  at  «, 
ocitl  is  tbiiR  conipleU'ly  di^placvd.  Hie  plug  is 
',  Mil>e  a,  and  the  apparatus  is  weighed  a  *€CDni) 
:-  lictwccn  this  wci^lit  aud  that  obtained  oa 
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the  ftrttt  occasion,  iudicaten  the  amount  of  c&rboaic  acid  vli'icli  bi 
been  expelled. 

IfHny  Kulpliide  or  ouljihite  of  the  filkali  be  prcsont,  tbeemr 
which  it  might  ocnasion  by  loss  of  sulphuretted  hydrogen,  orof 
sulphurous  itcid,  in  the  giiscoiis  ittate,  and  uhich  would  be  redionBli 
as  carbonic  acid,  is  prevented  by  inixiug  from  ao  to  30  graius  of 
neutriil  chroniiUe  of  poliish  with  the  sample  under  trial :  the 
chromic  acid  which  is  liberated  by  the  subsequent  action  of  tbe 
sulphuric  acid  ujwn  tlie  chromate,  iMipikrlH  oxygen  to  the  snlpli' 
retted  hydrogen  or  sulphurous  acid,  and  converts  both  into  sul* 
pluiric  acid,  which  would  be  rctuiucd,  and  wouhl  in  no  «>f 
interfere  with  the  result. 

(482)  Bicarbonate  of  Potash  (TlO.KO.jCOj^iOO)  ;  ^p.  Gft 
2'052. — By  pasHJng  a  current  of  earlKinic  acid  through  a  stroi^ 
solution  of  the  carbonate  of  potnsh,  er%-stals  of  tltu  bicarbonate  an 
dejiiiMted  in  thfi  form  of  right  rhombic  prisma ;  they  are  permanca 
in  the  nir,  and  require  about  4.  parts  of  cold  water  for  Miluiwa 
The  solntioii  of  the  bicarbonat«,  if  cx|iueed  to  the  atmospbcn 
gradually  loses  one  fourth  of  its  carbonic  acid,  forming  a  «ccqtri 
carbonute ;  and  if  builcd,  the  ftauie  change  oecnra  niueh  man 
quickly.  The  bicarbonate  is  couvcitcd  into  the  uculnd  carlioi: 
when  fuHcd  by  inciinii  of  hi-at.  'Hie  hicai-lionate  of  ]ioui^i  has 
alknliuc  reaction  upon  turmeric.  It  may  l>e  employed  for  prt 
curing  the  conipoundK  of  potash  in  great  purity,  since,  if 
crystallized,  it  is  almost  absolutely  pure,  and  may  be  obtaiucd  ii 
this  niate  with  lens  diHiculty  than  any  other  aalt  of  pot^flh.  It  ■ 
consumed  medicinally  in  considerable  quautities,  for  making  vSa 
Tcscing  draughts  by  the  addition  of  citric  or  tartaric  acid  to  i 
solution  in  water. 

The  Siiicalts  0/  Potatk  arc  important  compounds  in  connexia 
with  the  manufacture  of  glaaa ;  they  will  be  noticed  in  treating  ty 
subject  (495  <■'  "*!•)• 

(483)  Cii.iBAC'TKtts  or  THK  Salts  OP  PoTAssiuu. — Thc  salt» 
potassium,  mitli  a  colourltM  acid,  urcail  eoloiirtcM.     They  seldoi 
contain  aiiy  water  of  crystalliEstion,  yet   many  of  them  are  dd 

_  quescent :  thc  carbonate  and  acetate  otTer  striking  instances  of  (lii 

P  peculiarity,  and  furnish  in  thia  respect  a  roaTkc<l  contrail  to  tb 

correopimding  salts  of  sodium.     The  salts  of  potassium,  wheu  pun 

if  introduced  upon  a  platinum  wire  into  the  redactng  fiame  oj  Ut 

blowpifte,  communicttte  to  it  a  violet  tint;  tbo  presence,  howei'ei 

of  a  small  quantity  of  a  saII  of  fodium  masks  tliia  eSect,  in  coi 

sequence  of  the  stroug  ycUovt  V\a.\ue  wj»ww\n&u:i.i\'n\\\«  cnkuO 


tura  ran  «*i.T8  op  fotassicm— sodivm. 
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ftlie  COmiWiiTids  of  »o<tn.  RoItiliou»  of  the  itnlta  nfpotnsi'iiim 
rprrriplutti  »'it)i  soliitioDB  or  tUccarbonaU's  of  the  alkalies, 
rruivnnidr  at  ^otnsnixim,  or  witli  tij^ilrosuliilinto  of  aminouia. 
vucc  o(  potassium  in  solution   is  rccognisod,  allcr   the 
of  CTery  incU)  but  aoditim  liiw  liccii   Bwccrlftiiicd  by  tbe 
ng  characlprs  : — i.  If  moderately  concoDtrateil,  a  solution  of 
■ir  orlr/  m  rxces.i  cniiKe*,  Upon  bridle  .'linriug.  n  white  cry»tnl-J 
^rcdjuCatc  of  bitartrato  of  potash,  which  is  readily  dissolved' 
dding  nn  alkali.     2  and  3. — Prreilorate  or  Car^azotale  of 
bInj  Bontetimcs  been  cmplnyctl  as  a  test  for  potash,  since 
ie  {Kirchloric  oiid  curbuzotic  acid*  form  potassium  salts  of 
'  lolubititT.     These  compounds,  however,  are  all  soluble  to  a 
lUecxteiit  in  eold  wBUT,aiid  uiilc>«  tolerably  strong  »olutioiis 
ttpJoynl,  thcj'  do  not  immedtalcly  subside.    4.— With  gilitO' 
\ add  tliey  yield  a  truni({>nrciit  gelatinous  siticollunride,  nhieh 
■     powderon  drj'ing.   5. — llie  most  conclusive  reaction, 
,.ru«liiccd  with  the  Olchtoride  of  pialiauiH ;  upon  misinji 
vlatiou  of  lliia  salt  with  a  concentrated  ono  of  a  salt  of 
a  yellow  double  salt,  consisting  of  (KCI,PtCl,)  i*  sepa- 
crtoinU  ;  it  i»  <)uite  inaoluble  in  alcohol  and  ether,  but  iai 
taktrn  Dp  by  cold  water.     It  is  therefore  best  for  analytical 
>-if1ulate  the  solution  suspected  to  enutnin  potassinm.J 
:\  droehlorie  acid,and  having  added  a  slight  excess  of  th( 
of  bichloride  of  platinum,  to  eraporale  to  dryness  over  the 
'  :u  WRoh  the  residue  iritb  alcohol  so  long  as  nny-1 
>       l*iii«  &ult  when   heated  to  rednewt  \»  deconi-' 
[ttlP  platinum  lose*  its  chlorine,  and  the  chloride  of  potassium 
UvA  out  of  the  grey  residue  with  eold  water,  whilst 
uum  is  left  behind.      100  parts  of  itic  chloride  of 
aiit)  iiotii»Kium  are  equivalent  to  1 5*98  of  potasaium,  or 
uf  potash. 

^  II.  SoDifM  (N*a=23);  Sp.  Gr.  0-973. 

'    ■  \T  may  be  obtained  from  carbonate  of  soda  by  a 

li  .  i>  to   that   used  for  potassium.     I>evillc   rccom- 

euipluymcut  of  tlio  following  mixture  in  the  pre[iaratioii 


Dricil  carbonate  of  coda     ....     717  pM-ta. 

Puirdurc-d  charcoal 175     „ 

Fiutiiy  jwwdercd  chalk      ....     loS     „ 

.U  ora    mixed  intimately  and  kDcadc<I  into   a  f^tilT 
ifii,  anti  cnloined  in  a  covered  iron  pot :  the  maat  m  l\icu 


874 


Oxrne  OF  80DIVM. 


iiitrodnced  into  an  iron  retort  and  (iistUled,  with  the  precautii 
described  nhcii  speaking  of  potassium ;  it  onglit  to  yield  nnrl 
one  Ihird  of  itn  vrciglit  of  smliiim  :  the  ohject  of  adding  tbc  dial' 
i§  to  prevent  the  cliare«al  from  separating  from  the  carixHiatc 
aodawl:(.-n  tliisitnlt  fuses.  As  u  reducing  agfint  sodium  is  bat  lit' 
inferior  to  pota«siura  in  cner^,  and  since  its  combining  nxinAt 
is  lower,  nrnl  tlic  metal  is  much  Iws  expensive,  it  may  gcntnll 
be  substituted  for  potassium  with  advantage  in  such  opvraiions. 

Sodium  has  n  bluish  white  colour;  in  appearance  and  pro 
pertics  it  much  re*rTiibles  potawiiuin,  but  is  somewhat  morc  voUiile 
it  fuses  at  a  temperature  of  lo?"*?.  It  burns  with  a  bright  ycUo' 
flame.    When  dropped  into  cold  water,  it  decomposes  a  portion  i 

1  jt,  cxtrieatin;;  hydroijen,  but  the  gas  does  not  take  fire  unle«th 

I  .water  he.  heated  pre\iousIy. 

Tlic  great  storehouse  of  sodium  is  common  salt,  whidi  is  Bi 
with  iu  niiturc  in  cxtcu^iivc  deposits;  it  is  alito  contained  in  v» 
quantities  in  the  water  of  the  ocean :  the  immense  quantitiw  i 
soda  eonsumcd   in  the  arts  arc  almost  exclusively  obtained  bo 

rChloiidc  of  sodium,  by  a  prooea*  presently  to  be  dtecrilMxI,  thonj 
•odium  occu re  in  several  minerals,  such  as  albiteorsod.'i-fi'l!<))ar,U 
cryolite,  the  double  tluoride  of  sodium  and  aluminum.  Bona  ' 
biltoratc  of  soda,  and  trona  or  tbc  ecsqnicarbonatc,  as  well  as  d 
nitrate,  are  also  native  conijHiuudx  of  soda. 

{485)  Oxide  op  Sodium,  or  Soda  [NaO=3i),forn»  the  bw 
of  the  iiriportniit  series  of  salts  of  soila.  ll  can  be  procured  m  I 
anhydrous  state  by  burning  the  metal  In  dry  air  or  oxygen  ga*; 
is  of  a  yellowish  white  colour,  attracts  moisture  as  greedily  as  A 
corresponding  oxide  of  pota»isium,  and  this  water  cannot  a^'aiii  1 
eni»eiled  from  it  by  heat.  In  appearance  and  propritiejt  tib 
hydrate  closely  resembles  that  of  potaali,  and  may  be  formed  by 
similar  method  ;  its  affiuity  for  acids,  however,  is  less  energeli 
According  to  Filhol  the  solid  hydrate  (NaO,H<))  has  a  Sp.  Gr.  1 
I'lj.  The  following  table  shows  the  proportion  of  anhydrous  so 
which  is  contained  in  solutions  of  soda  of  different  denuties : — 

Strength  of  SolutiOM  of  Soda  (Daltoa). 


1-36 

'■■•7 
•■■M 
'40 

rs6 


JiaO  iti  ICQ 

9^  ft. 

VhOIbioo 
iwrta. 

.     41- J 
•    340 

i'3« 

.      J30 
.     .      .      190 
.     .    .     t<i-0 

.    3i« 
.    36-4 

...     13-0 
...       90 

.     .     .    \       A'T 

CULOUOE   or   BOUtt'U. 


875 


ivf  ludii  U  cstoniivoly  aa&\  in  the   manufacture  of  Itan) 
I A   lii»ltcr  uxiilo   rcganlol  liy   Davy  m  a  ^ttqHioxidc   vf 
aUiy  iiImi  Iw  ubtaiucd. 
■:i:a  uf  smliuiu  curix-sfioitil  in  iiumlit-'r  with  those  of 
s,  vliicli   i\iiiy  dowly  resemble.     Tticy  luajr  be  prepared 
;uuii  iiH'tliods. 
CjiuiHiitti  OF  Sodium  (N)iC)=j85);   Sp.  Gr.xoix. — 
lilt  ami  wull-kituwci  compuiuicl,  formerly  called  mtu-iatt 
,  ruii»ci[i)t(.-»  cuinnwii  culiiiarj'  or  tuhle-salt.     Tt  '»  found 
tbc  solid  form,  and  it  cxiats  in  solution  in  ecb  natnr  in 
Ml  of  about  17  |>er  cent.,  which  amount*  to  ni-arlj-  4 
gallon,  ur  (u  a  bushel  in  from  300  to  jjo  gallona. 
traction  of  tlic chloride  from  sea  water  ira*  fornicilj-  prac- 
'  aotoe  extent  opou  the  Bouthcru  cuaat  of  our  own  inland,  but 
I.'  ia  now  tinioijiortanC,  llioiigli  in  Xhv.  fionthern  couD' 
,     the  (irriianiuun  of  bay-^att  is  Btill   a  brunch  of 
[of  5OUI0  inajtnitiKle.     In  conduciiiiK  this  pnoccw  tlic  »ea 
allownl   to  run    into  fliinllovr  pools,  in   nliich    the  vatcr 
and    becwnies   ooni^iitrutvil   by  the  heat  uf  Uie  atun : 
[  tllc  nil  aro  forniod,  and  are  raked  oil'  from  time  to  time : 
crystal?  thus  ubliaiiicd  funiiNti  the  (Hiy-sall  of  ennimerce. 
)trut4:«l  iK.ni  H'iitvr,  or  billcrn,  is  cm{iluvcd  us  a  H>uri.'e  of 
Conaidcrahto  t|iULntit>e»  of  magnesia  arv  altto  extracted 
I  Uir  I'hloride  of  iniignesium,  which  is  deliquescent,  rcmaius 
tSiJurtl.  wiio  luia  devnleil  much  uttontiun  to  the  >U\A\ 
thcr-lii)nore,  has  devised  a  method  of  cxti-neting  from 
'     -uliihate  of  magnesia  and  ehloridc  of  mn;:ue»ium, 
urtaut  i|iiHniitf  of  potaab,  in  the  form  of  a  dovble 
I  of  poiiwh  and  majfnesta,  us  well  a«  of  a  double  chloride  of 
uid  Misgncsium.  (Ite^uault,  Comi-s  i/r  CAt/fiiV.ii.  192,  JU:.) 
miuira  a    careful  ntlvulinit   to   the  temperature  at 
'i&e   crysiallizalioiis  are  effected.     At  tcro])eratun»  below 
Jtlnridc   of  ncidium  rttlU   prevent  in  the  brine  deooToposM 
te   (if  ma;;ne3ia,  chloride  of  inagnetiaai   and  sulphate 
int;  fr>rn)rd  ;   whil»t  at  temiH-mturcs  almve    100^  P.,  a 
jhible,  double  sulphate  of  ao<Ia  and  magnesia  is  formed. 
punc  bed*  (if  ooinmou  s-ilt  arc  met  with  in  CbeHhire,  in 
I'irlitzka,  and  at  Canlonn  in  Siiain.     It  has  alw  nxN.'iitly 
ill   alJnudnnn^   in  the  north  of  Ircbmd,  near  Bellasi. 
(bvicli,  tlte  prinni|)al  deposit  of  rock  salt  in  Eugland, 
\\    oe«rurs    in   two  bviU,   sittuttcd  one   above   nnotber, 
atMiit  )D  feet  of  clny  and  marl  iutcrsected  with  small 
kit :   the  two  bcdi  tu||^tber  arc  uot  leu  thou  60  feet  iu 
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tbictcnpsst,  320  yar^a  broai),  and  a  mile  aud  a  half  long, 
beds  occur  111  mngncsiaa  limestone.     The  rrlvbratnt  xnd  bi':i' 
mine  of  Wiclitxka  t^ontaiiis   sufDcient  salt  to  supply  the  ( 
worli]  for  agc».    It  is  calculated  that  the  ma««  of  roclc  uilt  h< 
500  miic«  in  length,  30  iniie^  broad,  and  not  lesa  than  iioo 
in  thiL-kni-ss.     This  salt  deposit  occurs  in  the  challt  fonnatioiLii 
Chloride  of  Kodiuni   is   somelinies  foniit)  erystalllEed,  and  is  tlm 
termed  »al  gem,  or  rock    salt.      The  solnbility  of  this   chloride  is 
frequently     taken     advantage    of    in    diminitihing    the    lalmuT  of 
raising  the  salt  to  the  surface,  water  being  let  down  into  the  Iwd 
of  !taU  and  nllowei)   to  remain  till  it  has  bceonic  Mturated:  it  if 
then  pumped  out,  and  the  brine  is  boiled  down  and  crj-*talli«d.  | 
SoniP  brine  spring*  cotitaiu  too  itmnll  a  portiou  of  salt  to  r«nJet  1 
it  profitable  to  eflecl  the  evaixiration  by  heat;  the  water  in  tlietel 
Ciwctt  is  tliercforc  concentrated  by  ffraduatioi,  a*  at  Salzburg  ;  tlui 
process  consi^its  in  exposing  the  brine,  diffused  over  a  large  surfncC, 
to  Uie  tiir,  by  pumping  it  up  to  a  height,  am)  then  allowing  it  to 
trickle  slowly  over  large  staek»  of  fagots,  piled  in  suitable  buildings  j 
screened  from   ruin,   but   freely  cxiJO*cd  to  iLc  prevailing  aiad; 
after  this  process  ha*  been  repeated  eight  or  ten  times,  the  solulifl 
acquires  a  dcntity  of  about  i'i40,  and  if  MiOiciently  ooiicciitra 
to   allow  the   evaporation  to  be   flnished  as   usual  by  the 
upplication   of   heat.     In    the   first   htutin   an    insoluble   dou 
sulphate  of  lime  and  soda  is  dcjiosiiled,  partly  in  the  form  of  mi 
or  achlot,   as  the  Germans  term   it,  partly  in  the  form  of  a 
eoalc,  whicii  adherer   to  the  bottom  of  the  pan  :  when  the  liqo 
reaches  a  density  of  fz^6  it  is  decanted   into  another  |»u, : 
or^orated  ;  the  erustit  of  »aU  are  removed  aa  they  are  formed. 
Th<r  appcjiranec  of  the  salt  varies  aecording  to  the  rale 
which   the  evaporation   is  conducted ;    when    the  brine  i^  bjilr 
down  rapidly,  it  furnishes  the  mealy,  fine-grained  salt  uscjI  oji 
our  tables ;  if  evaporated  more  idowly,  the  hard,  crystalliied 
preferred  for  fishery  purposes  is  obtained.     Tlie  salt  of  commer 
alway*  contains  a  <«rtain  proportion   of  clitonde  of  magncuua 
which  givca  it  a   slightly  deliquescent  character,  and  adds  to 
pungency  of  its  flavour.     Tt  w  slated,  that  when   the   pr(>|iortM 
of  chloride  of  magnesium  in  the  brine  is  considerable,  the  ciyslj 
of  chloride  of  sodium  form  a  scum  over  tlte  surface  whieh  mn 
retards  the  evaporation.     This  inconvenience  may  be  remedied  bj| 
liie  additimt  of  a  quantity  of  sulphate  of  soda,  which  decoiuf 


■  Some  ipmmenaof  the  ttlt  from  lhi«  min*  dpCT»pii«(«  when  tK.. 
>  watrr,  ou-ing  ^-o  tlui  c«onpe  ot  condbiuitd  ig«*  (C\^«'  Bw)>  wtuch  ii  lit 
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iV  cliloride   of  magiiesiuin    aud  converts  it   into  sulphate  of 

I'roperlies. — Chloride  of  sodium  has  an  agreeable,  saline  taste, 
h  i-rj stall i/*:*  in  colonrlcM  transparent  culx's,  which  arc  aiihydrouB, 
ulahlc  in  abont  3  paria  of  cold  watc^r,  and  eoarccly  more  itolublc 
tt  I  temperature  of  313°;  the  saturtitcd  solution  has  a  sp.  gr,  of 
(105.  Water  at  jj*  dissolve*  ^y^  per  cent,  of  the  wilt,  and 
(ri  per  cent,  at  a39°'5,  the  boiling  point  of  the  solntiou;  100 
(BTta  of  the  salt  couMHt  of  60  69  of  chlorine  and  39*32  of  Hudinm. 
Vrben  hi'.itod  widdcnly,  the  crystals  decrepitate  with  violence ;  at 
I  bright  red  heat  they  fuse.,  aiid  by  a  strdii^er  beat  arc  cimvurtcd 
iato  vapour.  Chloride  of  sodium  is  insohiblc  in  pure  alcohol,  hut 
H  taken  up  in  considerable  quantity  by  dilute  spirit.  Ity  c:t;MjMiig 
lU  B<^ucous  >olulion  to  a  temperature  of  about  14'^,  it  eryatailizcfi 
in  hexagonal  tablc>>,  which  cuntitin  4  or  6  Aq :  m  the  tcrn])erntun; 
ri»«!»,  tbc  vratcr  is  separated,  the  crystals  fall  to  pieces,  and  become 
converted  into  a  braji  of  minute  cube*. 

Chloride  of  sodium  ia  consumed  in  large  quantities  in  the 
■uufactore  of  the  »alb<  of  sodium,  it  i^  extensively  employed  in 
IJhtiiig  stoneware,  and  is  au  article  of  daily  domestic  use,  being 
Weed  an  e»»ential  constituent  of  the  food  both  of  man  and 
of  animals,  who  languish  if  it  be  supplied  in  instiflirieut 
^Biiitity.  The  procw*  of  salting  meat  is  resorted  to  on 
■Kouot  of  the  powerfitliy  aiitijteptie  qualities  of  the  chloride  of 
ndiam.  In  this  opeTation  a  large  quantity  of  the  nutritive  juice 
■ftbc  meat  is  extracted,  and  lbi»  liquid  wbeu  naturated  with  the 
mU  form*  the  brine.  Meat  thus  prepared  is  much  less  digestible 
Kd  mitritious  than  fre^h  meat. 

,  (4S1-)  Bkojiiui:  op  SoDitiM  (NaBp=i03)  is  analogous  to 
^piidc  of  |)Olai>aium ;  it  is  soluble  both  in  water  and  in  alcohol, 
B^  cryatalliKt-a  at  temperatures  above  86'^  in  anhydrous  cubes, 
^^D«er  temperatures  it  forms  hexagonal  tables  with  4  Aq. 

Iodide  op  Souivh  (>«al  =  i50;  Sp.  Gr.  3-45]  crystallizes  in 
t^a,  whieli  are  anhydrous :  it  occurs  native  in  sea-wntcr  iu 
'■iaatc  proportion,  but  small  as  this  proportion  is,  it  furiiishca 
Uc  cominercial  supply  of  iodine;  many  marine  planti*  appropriate 
lit  to  tlicir  Dutrition,  and  when  these  plant*  are  bunied,  the  iodide 
ifteaina  in  the  residue :  the  ash  thus  obtained  goes  by  the  name 
rfhdp.  A  ton  of  good  Irish  kelp  fi-om  drift  weed  furnishes  about 
Ih.  of  iodine. 

'  t48«)  StJLFiiATK OF  Soda  (NaO,  SO,  +  ioAq  =  7i '^go)^  3p.Gr.- 
Bfc*'ro**(2'597,  eryslallised, ;  v^J"- — This  salt  has  long  \)een  kno'wn 
Pn-  the  uaiae  vfG.'auber'a  salt.     It  cryatallizea  iisuaUy  in  \ofti£. 
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four-sided  pmms,  termiiiutcd  bv  ililiedral  siimnnits.  It  is  raniarkali 
cftlortMcciit,  aud  lo^cs  the  nholc  of  its  lo  ntODitf  of  water  bjr  aicr 
exposure,  at  common  tcn){)(.-rutiit'e>,  to  the  stmottphere.  It  hu 
ftiiliiic,  l)itU:r  tnstc,  aud  U  occssioually  used  mctlicinally  as  a  psr 
{tativc.  The  cr^Malliiod  «ii)pliiitc  coiiUiine 5591  per ci'iil. uf  wa«« 
34-84  of  acid,  ftnd  I9'24  of  eoda ;  the  anhydrous  salt,  56-33 
acid,  iiiid  43$;  of  aoda. 

T!ic  solubility   of  sulphate  of  aoda  in  tratcr  offers  some  n 
inarkablc  ttiiomuli(;»,  wliidi   have   been   miiiuUily   iuvcxtigalvd 
LoiTcI.*  It  has  already  been  tnentioited  (70)  lliat  a  boiling,  saturate 


*  Three  formi  of  «ulpbate  of  soilu  ma;  be  obUhcd  in  rry*l«1«,  nt.-4l 
aabjiirouii  iiul|)lial<>,  lliu  ordiimrj  cry«tiiirLE<?d  »iiliiii«ii>  with  10  Aq^i~^ 
BiioUuT  liydraU  witl)  7  Aq.,  nliii-h  cr^ttallizi-*  in  rhombic  nrUmti.  KmIi 
ttieso  vBrielii'H  ha«  n  ii|ipcifip  noliibility.  Th«  ic-aJom  byoratc  is  lli*  1«: 
'  coiuble,  HuJ  ihe  7.nt<im  hydrjiic  tlio  mo«t  to  of  tht-  three  furnu.  Tlie  follo' 
iiiK  lfltil«  (LoMcl,  Jnn.  df  C'/'iMH.  111.  ilix.  v)]  eihibiU  tbc  rarjriu);  (vlat 
lity  ofcncii  form  of  the  iiul|)liali-  uf  sudii.  a,i  tue  ti'iupvraturi'  rieet : — 

100  Parts  <(f  n'altr  ahen  aaluraUd  fealain,  ^ 


Tmbp.  P*. 

jUlvdc.  ^ 

8*11  •rIDi  10  A« 

Ml  nittr  I  Aq. 

Aabjdr,  =  wilbioJkq. 

3J 

50J        I3l6 

i!»'6j      44-84       59J3 

5S'9 
64a 

9-00        23-04 

'.r»»      35"9o 

3049      l^yo     iia-73 

53>5 

37  "-OI 
Sf-'S' 

3r43     «»579      "Si-.W 

S"» 

5>;6 

i6'8o      4S-41 

410J    '»4j9     joooo 

5 '.53 

337  ■'■ 

i?'40      58'35 
1800      98-4$ 
30-00    101) -81 

4473     i4«-ot      13440 

«7-S 

5'3' 

33306 

53-94     i8S'46     365-38 
54-97    »»■*"     4"'4i 

8V3 

ft037 

909 

W7' 

30506 

4000    1840(1 

930 

4181 
46-8] 

3030; 

.'.076    3»3"'.1 

"«4a 

190-00 

5500    4i»-aa 

1131 

»;S34 

361-36 

i.WS 

«'43 

34J-S9 

'59'3 
1840 

44\J5 
42-96 

817-7 

41-65 

aio'O] 

. 

From  thit  tablo  it  a)ipuan  that  the  Robibilitv  of  lh«  snbyilr. 
deeivuM  from  64*4  to  tbp  boiling  point  (aiy''^)  of  Ibc  lolution. 
64   die  tnoleaulnr  ronatiluliou  of  the  salt  ia  chiUif(cO.  ■  Mtiinitoil  1 
dcpotitiog,  in  Tcwol*  from  wliteh  air  is   t-iducted.  crjttol*  of   ike 
'  byilnto.     100  parts  wntcr  nt  64''*4  reUiii  a*  much  lu  sYjs  of  lite  sa! 
■nil,  whilst  Kt  llie  boiling  point  only  41*65  jisTli  Me  hi-lJ  in  bulution. 
if  n  nolution  iiturulfd  nt  64^  bo  "imply  hi'ntod  1»  b-jiliii^-,  mithoot  4 
any  low  of  liijiiiii  by  cTaporation,  it  will  d«no(it  in  hnrd.  gnliv,  »iil-, 
oryatal*  more  than  oq*  fifth  uf  the  salt  w  liich  it  prtiiimuly  brbl'io  mI^ 

In  tli(^ctui>ofthclo8«t  soluble  form  of  tlietulplutc,  the  lo-ntonil 

the  solafiiiity  incroaaes  until  Mux  teittiponlvuc  reacbi.-*  1)3-,  at  which  p 

■a/t  begiaa  (o  liquefy  in  ita  v^Juet  ot  et ja\;ifiL\MJC\oa  -.  \^i^  uKjvic^'qUE 
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iljjbii   fialt,   if  d(K>t;il    tiorinulically,   mar   be  kept  for 

trrjatalltitiiij;;,  but  llir  iii(iriit-tit  that  nJr-  i*  mliiiitlnl, 

ie  bcromcs  mi  mi -sol  id,  from  the  sudden  formaUoii  otaryaia,]* 

the  mtuia.     It  i«  tDoat  girolinble  tliat  tlit'  dalt  exists  in  the 

Kulutiou  ill   till-  fui'ui  of  tlic  aiili\drou8  salt,  and 

rstalliutiou  occurs  wheD  any  circuniHtAnoe  ooMnioiiN  tlie 

lof  llie  lew  soluble  loutoin  livdratc.      The crj-staUizatioa 

■  Kflutiuti  tany,  fur  exuitipic,  be  inKtnntly  detcrmineil  hy 

in  a  fngincnt  of  the  snlphato  or  hj  contact  witb  a  rod 

lor  (if  iiietiil.      If,  Iioirevcr,  the  glaits  rod  or  tlie  metallic 

boiletl  with  water,  and  alloned  to  cool  under  water  or  in 

vcMwl,    it  may  be   iutrucluced   into  the  im|Nrrsaturatcd 

I  without  caositig  the  crystallization  of  the  salt. 

■lu  of  loda  id  soluble  iu   hydrocldonc  acid,  with  great 

of   temperature.     A  couvenient   freering   mixture  ia 

pouring  5   parts  of  tlm  commcrctal  acid   upon  8  of 

ftulphatc. 

kte  of  soda,  to  which  the  uamc  of  Thenardile  has  been 


.,'1^,  and  it  beconm  grsduallj  oonrcrlcil  into  tJi«  anlij- 
1-1  HI  iIm(  p«rt>i-ul«r  Icmperalure  lias  s  lower  soluliilily 
•■  iwit,  and  ooiifM|Ue«lly  ii  partially  srpsraUKi  in  cijklolliDi) 

Jnlf  with  7  A(]  It  mote  •olnbln  than  eithirr  of  tlic  rori-KaiiiK  fnmis  i 
^r.t:.. ....    finuioiUDCM   it   cannot  «\ut  iii   contact  wiiti    ihs 

a  y  df|io«iled  rrom  nt]>er*aluruU-il  Mluliooa  b  doiwd 

i:  _  '  ":li  liavu  Wen  allowM  to  rool  cov(-ri>i!  wilh  miall  cnp- 

Jo  |»r*»»iit  ibo  ■■iitMiK*  of  narticlMi  of  dust  or  of  fi^ircii-n  rantlcr. 
tl>o  ;-«ic>Bi  liifdnito  may  also  b«  obmini-d  bf  pourinu  a  boitioi; 
Ihtf  vnljiSnlo  inlo  a  onjiotilr,  iiid  nlioniiiK  it  to  cool  under  ii  Iir!] 
a  vrviA  ii!  rliIi)fi(I«ol  cnit^iani.  lo  wbntrtw  inodr  tbo  rrjdali 
looi  lijrilrati.'  Iiurtr  bcra  prvduced,  lliry  uudcr);a  <tkani;«  I'rom  rcry 
'•-4.  nnd  Iwuwmc  uhite  and  <itiBi|Ue  tiilb  PVoluMon  of  lit-at,  riUirr 
'lieair  oT  wbeo  the  Miulioa  is  allowml  to  eryslslllte  sround 
i>c1i«i)  wiili  a  glasi  rod.  Tbo  solubilitv  of  llic  j-atom 
:'i>ri',  as  ia  ihown  in  the  table  i  bul  th)»  (orRi 
niliire*  sboir  Sj^^:  for  (chca  hvnted  lo  ibis 
,•<  ;;n.  ,-.■  iijiiiij  ui  ibcit  watiTf  of  cr,valallixat  ioii  1  anA,  ia 
Mil  uf  ■  moU'ctiliu'  cliau^,  erjaial*  of  the  auliydruus  vnriely  are 

b*  run-|:tilni:  delails  it  <rUl  be  easy  to  perceive  ntiv  it  is  that  a  hoc 

il  i.t-  T!i'})o«iis  rrystelt  so  slowly.     When  n  *oiiilion  of 

I    nl   its   Doiltng;   poiut.  is  poun'd  into  so  opoa 

I  llie  aiibytlrous  sulpliate  is  formtd  at  firtt  upoa 

il  oTaporntion  of  n  portion  of  ibc  itolTeiit.     Ho 

L«d  in  Ui«  liody  oT  ihr  hi|uid  until  the  i«roperB- 

■•MLyi  ■    Tbe  lilmof  crfaLaU  liral  foniirj  in  grailuallj 

ysU)*  nr  thi-  lo-alom  hydrate  are  formed  os  the  t^inpcm- 

)i>t:       I'  ']■,•  s(iIiition  be  evapomted  at  letiitiernlnTv*  aborn 

•  i>f  ihe  aaliydrous  aalt  nre  produced  :  bul  if  a 

nl!o«ed  to  ivol  iu  clonvl  tpmcJi,  no  eryvtnla  are 

ire  rails  to  6^'',  nbea  obli<iue  rfaombic  jifiaiiii  of 


^ 
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given,  lias  Been  met  willi  nearlr  piiro  not  (ar  from  Mw 
ditiril  lit  tlic  liottom  of  some  Rilinc  Inkcs,  in  aiilivilmu* 
It  hna  likcwt<to  been  foiitul,  iwt  far  from  the  same  (iImc, 
vrilli  r^ulptintc  of  lime,  ns  GtauherUe,  iu  Hiili,<r(lroi»t  cry«t 

Cryiitallixi>d  Hiilphate  of  soda  also  Ircqiieiitly  oocure 
M  an  cfRorcsocncG  upon  platter,  and  t)[)Oii  brickirori 
situations. 

Pifpitralion. — Sulphate  of  soda  if  miulc  from  oil  of 
oommon  salt  in  enormous  (jtiantities,  under  the  name 
ax  a  preliminary  step  in  tlic  niannfncturc  of  earbonal 
TIte  operation  h  carried  on  in  a  reverlwratory  fiirtiace, 
iritit  na  apparatus  for  coiidcDsing  the  byitrocliloric  acid, 
irithia  the  laiit  few  yeftn,  «a«  allowed  to  escape  into 
t>p)ierc,  to  the  seriotis  injnry  of  vegetation  in  tlie  a 
district.  One  of  llic  Itcat  forms  of  furnace  i«  slunrri  in 
fig.  314 :  tlic  conrsc  of  the  flues,  however,  is  not  cxsci 

Fio.  ,514. 


ia   there  represented :  a,  the  smaller  of  the  two  cm 
which  com|xwc  the  fumnoc,  is  of  cast  iron ;  into  thia  ( 
fotrr)  from  j  to  6  cwt.   of  cointnon   kali   arc  inlrodm 
npial  weight  of  aulplitiric  aeid,  of  speeilic  graiiljr  1-6,  ■ 
niixcd  with  it ;  a  gentle   heat  being  Rpplii-<!  to  tlie  ra 
mniiA  volume:!  of  hvdroehloric  acid  gas  are  di- 
(itf  by  the  flue,  d,  to  the  condeniiing  lowcm,  t  »i—  .  ,  : 
ure  tilled  with  fragmcntB  of  broken  coke  or  »Ioiid, 
1  -ill  itniim  nf  wnler  is  cauurd  to  tr    ■ 

;  current  of  air   is  drawn  tbroucli    ...    ... 

densing  towere,  by  connecting  the  fint  Uiwer  with 
'  !'[  ,'/,  and  the  seeimd  lower  wii' 
kt  In    ibo    fir»i    bed   of 


or  roTAtn  akd  soda — Brt-FtiiTB  or  soda. 


»  thP 


I  llfd  from  ibc  rait:  tlie  pasty  moM 

.  ^tirougli  a  door  for  the  puqiose  iuto  the 

or  Moonct  dirUion,  *,  of  tlic  furniicc.     In  tlit*  %t»ie  it 

u  nf  *  mixtiin;  of  I)iaiil|iliat«  of  sods  aod  undccomposod  salt. 

reariiiiu  in  lUe  first  hcd  of  tlic  ruroKCC  may  be  ifprv^cQlcd  oa 

W:—  ~ 

3  X»C]  +  2  (HO,SO,)=NaCI  +  HO.NaO,  a  S0,  +  HCl 


I 


ned    I 


B  tliu  BeL-uud  stage  of  the  operation  a  higher  temperature  is 
red  ;  tiie  biMulplinU:  of  soda  then  rviu't»  upon  the  unchanged 
e,  anil  the  <x>nversion  iuto  neutral  sulphate  of  swla  is  ooni< 
thus   Naa+IIO,NaO,  2  S03=nCI  +  i  (NaO.SO,).      The 
as  it  is  liberated  fi'om  b,  passes  oS*  through 
icd  ou  to  the  cuiulcniiiig  tonerv.      Heat  i» 
io  tito   uutNide  of  the  rooster,  a ;  the  &nioke  and  products 
ibvstion   fnrcuUtc  in  sei>anitc  Hues  around  the  chamber,  in 
lon    indimtetl  \yy  the  arrows,  hut   never  come  into  cou- 
itlli  the  ealt-eaki^  io  a. 

«  o/  Potash  aitrf  Soda  [NaO.SO,  +  3  (KO,SOJ.  Ponn; 
668]. — ThU  double  salt  is  anhydrous;  it  laajr  be  formed 
Insg  thr  two  Milt*  in  water  anil  ei'uporatiu^,     Gladstone 
tiint  the  employment  of  a  large  excess  of  sulphiLlo  of 
nut   niter  the  conipoailioii  of  the  »alt,  the  sul[ihato  of   , 
I'valallising  in  itii  usual  form.  ^H 

,. d  ui>on  a  large  sciile  fruiu  kelp  li{|uoTs  during  tl^^ 

of  iodine,  and  is  known  under  the  name  of  /tlate  ful' 
the  toaniicr  in  which  it  i«  ilefioetted  in  hard  cry*tal- 
ur   plates,   upon  the  &iclc8  of  the  crystalliKinji;   vats.     , 
art  of  crjTMtullizing   it  emits   vivid   aeinlillationii   of 
tit  liglit:  this  phosphorescence  is  most  striking;  when     : 
ittii-u   is   near  loo"  V.      A  very  brilliant  cflcct  i»  pro* 
•  (iaaliiu);  a  pailful  of  the  irann  mother-liquor  upon  a  crop     , 
in  a  vnt  from  which  the  uiuther-liquor  has  been  drained    | 
'  htNint  previuitsly, 
i//iAM/r  V  Soda  (NaO.HO,  3  SO,=  iao  j  Sp.  Gr.  3743) 
til  bin  III  filiate  of  jiotasb,  may  be  funned.     It  is  more 
of  biisie  water  liy  heat  than  the  bi»ulphate  of  i>otaiih, 
ftdtvup  alt,  by  a  atronger  heat  loses  its  second  cqnivaleut 
'  d  may  be  ciiipluycd  aa  a  conrcnient  wurec  of 
Bciil. 
fU'uiTK  or  Sod*   (SaO,SOf  +  y  Aq.si.63  +  6;^  ;  Sp. 
ly  uuilcr  the  name  of  aniiclilortr, 
laat   traces  of  chlorine  from  tUc 


m 
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hlenchcxl  |ml|]  ohtainrd  from  rngH  in  the  mamifac-ture  of  paper.  It 
is  procured  by  passio};  sulphurous  «cii),  obuiucd  h>-  the  comkiu. 
tiou  of  Milphiir  ill  air,  owr  moivteDcd  cryntalx  c^  carbon&te  of 
soda,  so  long  as  the  acid  (fas  is  absorbt^  ;  the  mus  is  dissolved  ia 
water  tkiid  crysliii!ijt«d-  Sulphite  of  soUa  forms  eOIorescciil,  obliqoe 
prisms,  which  fuse  at  113**;  they  are  soluble  iu  about  4  parljof 
colli  wHtur:  Ibc  Hohition  has  a  slightly  alkaline  reactiou  aud 
sulphurous  taste. 

A   BimlpbUe  <tf  Soda   (NaO^IlO,  2  SO^  may  be  obtained  is 
crystals. 

{493)  KiTKATB  or  Soda,  or  Cu^  Nitre  (NaO.NOjSzB^ ;  Sp, 
Gr.  2'llf3],  occurs  abtm<iiuilly  on  the  surface  of  tlie  soil,  in  tlic 
district  of  Atacama,  in  Peru,  as  nitre  does  in  the  East  Indie*.  Il 
is  a  sonii'n hilt  ilcliqucitoetit  sail,  and  i*  solublu  in  about  twice  i 
weight  of  cold  water  ;  it  ciystnllutes  in  t^tuse  rhombohcdra,  an 
has  a  cooling,  .wHni*  tasto.  When  lu.-at»d,  it  fa-Krit  at  591°,  aud 
a  higher  temperature  it  undergoes  deeom position.  It  is  eoiploji 
ill  tLc  manufaotnrc  of  nitric  and  :«nlpburic  acids,  but  Avm  it*  de 
L'liquescence  cannot  be  substituted  for  uitrate  of  potash  in  gaa 
in'der.  It  is  frequently  u^cd  as  a  mauutx;,  as  in  top-drcuu 
barley. 

(491)  Cauuoxati!  or  Soda  fXaO,COj+io Aq=53  +  9o}; 
Gr.,  anhj/droas,  3-427,  h^ilrated,  r454. — Tlie  preparation  of 
salt  constitutes  one  of  the  most  important  branches  of  chi 
^jnanufncture  in  thin  f^nunlry,  iinmenwc  ^luintitiut  of  it  being 
imed  in  Uie  production  of  glass,  iu  the  fabrication  of  soap, 
in  Wm  preparation  of  the  tariuu*  compounds  of  sodium,  lxMi<tea 
icoitsidcrable  consumption  as  a  detergent  by  the  catioo  prints, 
ell  as  in  tlie  laundry  for  KoAening  bard  vfatcrs  by  prccipitalii 
the  ftalts  of  lime  and  magnesia. 

The  {greater  portion  of  the  carbonate  of  soda  foimcrlr  i:iii 
ployed  wa»  obtained  from  barilla,  u'liich  is  the  ash  fiirutisiicd  b] 
burning  marine  plants.  The  Saltota  toda  was  extensively  cold 
v:ited  for  this  purpose  on  the  southern  coast  of  Spain,  and  M 
being  burnt,  it  yields  a  scmi-vitriiied  mass,  wbieli  contains  fran 
2  j  to  30  per  cent,  of  carbonate  of  M>da.  TIiv  Salicomia  vrtu  cul 
tivated  for  a  similar  purpose  ou  the  southern  eoa&t  of  Frauce ;  tw 
these  sources  of  vupjily  have  ulmost  cutircly  given  way  tu  a  proca 
by  which  the  carbouatc  may  be  manufactured  from  sea>»alt. 

MaHiffactnrt. — Iu  the  process  of  mauufncturc  a  rough  sulphll 

of  soda  in  timt  formed,  in  the  manner  already  ticocritied  (4H8).    lib 

salpltate  of  soda  is  then  mtugli»l  with  clialk  aud  powdered  ooal  il 

li&o /i/oportioii  of  about  3  pari;*  oT  tvAvVattcJl  wii^^'sJtiAa.lk.sai 


lAMtrpAcroiiR  op  WPA  mu 


m»  tnixtitre  in  thrown,  in  quantiUe*  of  about 
into  Ik  liot  r<!viirl(crntorj-  furiijuip,  and  frc(|uentl/ 
nw*  u  tliorouglily  radtcd. 
ee,  fig.  315,  is  coustmctnl  with  tiro  doors,  d,  e, 

f  10.  31s. 
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or,  s,  c ;  00c  plinrge  01  introdnwd  at  tlic  fnrtluT 
nullirr,  nearer  tbe  Src,  is  ^«!ng  at  n  :  toirards  tlic 
le  o|K.Tation  tlie  moss  rnell^,  nnd  bffervetce*  tio- 
cacu}ie  of  carbonic  oxidt.-  gas,  vhich  btinia  with  a 
ow  flame:  tlie  mnw  is  stirred  linskly  for  (i  few 
tn  compIei«)y  ami  tranquilly  fused,  is  r&linl  out 
Dugh  or  roniild  ;  wlicn  cold,  tliiK  lunf  it>  turned  out 
nmAi,  or  btack  ash,  containing  from  30  to  27  (lor 
oda,  miiH  with  nxyaulpliide  of  adcium  and  un- 
it order  to  extract  the  wills  of  soda  from  it,  the 
okcn  up  into  coarse  frngineiit!>,  and  digcntitl  n-ith 

»\TL  hours,  in  vata  prondcd  with  fahc  hottoms : 
iT8t«niattcally  carried  on  till  the  mluble  porUoiis 
!«•  last  wnshittgs  being  empIoTcd  to  net  upon  freslt 
soda. 

bwt  fiirins  of  apparatus  for  tbe  lixtviation  of  ball 
n  fig.  ^if*.  The  priiiriplc  on  which  it  i*  con. 
ilo.  but  it  admits  of  exteoaive  application  ;  for  in 
b  of  the  economy  of  a  mtTiiifacturiiig  proc<'»s  ile- 
riiir  washing  of  the  product  in  such  a  uiauniT 
[ .  ^  -i  aaiouiit  of  MTiluhle  niuttvr  by  incniiH  of  the 
of  water.  In  the  case  licfore  us  this  is  cfft-ctecl 
Dti-rinl  for  Itiiviiilinn, — tin*  liIiicV  t\A\,  in  pcrf-irjitwl 
,  II,  nhii-li  call  be  raised  or  lowered  into  ouU-r 
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biitiaUBg  vcssds,  «Uo  msdc  of  inm,  by  nxNiii*  or  Oik 
polkrs,  1,  K.     WIkii  a  cliargo   »  rccvtvod  (mm  tlic  tat\ 

F16.316. 


(ntrwlnoiil  into  tlte  lovert  vesid,  n,  where  it  U  stibnit 
duaolvtiif  action  of  a  liquid  alrcAitjr  liiglily  charged  with] 
dipHtioti  upon  thr  black  aHhi-onlaiiinl  in  tlie  taiika  »h 
■  flcttun  tinie  this  churgc  la  ntised  by  the  rope  froni 
lank  r,  nhi<re  it  i«  Miihtnitled  to  «  wcakn-  licitiid,  ond  *(i  1 
&ivrl;r>  Tlir  (Jkuli  at  t^ach  atngc  becomes  more  cotnplctclr  1 
mod  the  nrHtdtio  a  succcMivelj;  submitted  to  the  aelion 
k^,  litl  »t  length,  in  a,  it  is  nctcd  npan   by  irntrr  oiity, 
ftooa  the  cistern  l.     When  freiih  irnti.-r  i*  ndmittc<l  Troin. 
(»(»  of  ihv  *e»»d.  A,  as  it  i«  spccilically  lighter  llmii  tlic 
iMtt,  it  lie*  u|H)n  its  surface,  and  gi-flilitnlly  displace* 
ChMtt  A.  thiuti^h  the  bent  tube,  wbilst  the  water  l«kM  its  | 
tkyuil  fVom  a  acts  iii  a  similar  manner  upon  that  coal 

:'\i»  diapUieeiiiettt  proccetUiiimuluiiiooiuIy  :'  . 

->«r  of  the  anarigcmcnt,  until   ibc  oiik. 
fesw  «,  wmI  is  Intii^rcrred  to  the  eraporaliii)^  pan- 

XUmmU  the  irholo  of  the  sulphur  originnlly  jir.  -.qi 
x^*  u>  TTtniiM-d  in  Ihf  iuMilublc  rfHtditciu  the  funn 

.:r!lKT  with  the  cxcesa  of  lime  and  co«l  empli 
itliai-^  't  tlu-  Kxln  work*  till  it  formi  a  mouii 
i»  iK*  Auiioyaoce  both  of  the  iieiglibnurhr 


(or  lixiviatinn  murt  r 
jf  110'';  if  it  he,  it '!. 
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The  blnclc  Bolution  Ibua  obtuucd  is  olloired  to  settle, 

^bcai  ])umi)c<l  u|i  into  large  hIuiDuw  iron  pans,  wlicro  il  i« 

1  b;  tliR  wutc  licat  from  the  bUck-aah  fumsccs.   A  targe 

of  the   lull   of}'t<tiiIliie»  duriug  tltc  eliulUiion,  and    i* 

1)}-  mctuiN  of  [wrforatcd  ladlca.     In  order  to  conrert  the 

in  wliicli  tlie  solMtiou  containx  iuto  cubountc,  it  is  ero- 

drjrucn,  uid,  &tUsr  being  mixed  vitb  about  ^th  of  its 

af  uwilust,  in  routed  in  a  reverberator}-  furuucc:  most  of 

ior  CMTspcs  during  this  operation  in  the  form  of  sulpbn- 

thc  r««t(liie  yields  Hit  sodia  ash,  or  alkah  of  commerce, 

jataiue  about  51  per  cent,  of  pure  caustic  alkali.     If  re< 

cryntiilit,  the  crude  carbonate  thus  obtained  is  rcdiMolved, 

allowed  to  settle,  and,  vhile  hot,  ia  run  into  deep  pans, 

f  ooiitikiuiiig  1  jo  gallons  of  liquid,  and  about  a  ton  of 

■<t  cArlmnate.     The  liquid  cooIh  in  tbo  course  of  five  or  six 

crfntaU  of  large   ttixc  arc  formed ;  the  mothcr-liquor, 

drainrd  olfbj-  withdrawing  a  plug  in  the  tiottom,  is  then 

[  cragiorati'd  down,  and  yields  an  a«h  of  inferior  quality. 

!  [ire|iarntioii  of  carbonate  of  soda,  therefore,  coujiri^es  three 

operation)! , — 

The  [iroduction  of  salt-cake,  or  crude  sulphate  of  soda, 
nniun  (nit,  by  the  action  of  sulphuric  acid. 
Tlic  making  of  black  aah,  or  impure  carbonate  of  soda, 
ritli   BiilphicU^  of  calcium,  by  dco\idation  of  the  salt-cake 
ititrc  wiih  chalk,  hy  means  of  carbon. 
TIic  preparation  of  toda  ash,  or  the  scparatiou  of  the  car- 
'aodft  fnira  the  block  a»h  by  lixivialiuf^  the  latter  In  warm 
evaporating  the  solution  to  dryness. 
■e  operations  tlie  most  remarkable  is  the  preparation  of 
uh,   by   fusion  of  the  sulphate  with  chalk  and  coal.  J 
aical  elumges  uhicli  occur  cunsist,  lirAt,  in  the  deoxida-  ' 
'tke  H»it-cakv,  and  its  comcTMon  iuto  sulphide  of  sodium 
n  of  carlx'uic  o\idfi;  and,  dcconilly,  in  the  formation 
if  Btida  and  sniphidc  uf  calcium  by  interchange  of  the 
!ita  of  the  lulphiilc  of  xidiutn  and  the  carbonate  of  lime ; 
>  of  calcium  being  rendered  completely  in«)lublc  by  the 
limo  en)ploye<l.     These  reactions  occur  aiuinltaneously, 
F«uy  lie  repnwntod  in  tltc  foUoving  equation  (omitting  the 
I  of  time)  . —  J 

lNaO.SOj+4C+CaO,CO,=NaO,C03+CaS  +  4CO.  ' 

EM  luith  of  coal  and  of  cbalk  is  always  employed   in  proc- 
a  £o(h1  deal  of  coal  bunia  off  unavoidably,  and  aii  cx£ca» 


CARBONATE  OF  8O0A, 


I  b  needed,  to  render  the  sulphide  of  calcinta  itisol: 
thsTebecunuidctorecoTcrtlieauliiliiir  rrotolhe 
1  k^tfto  without  coinim-rcitd  buoccw; 
TsMO)  prucesMA  hare,  from  lime  to  tiiuc,  been  p: 
the  ooe  just  doMrrilwd,  wlii«h  was  iuTctitcd  lij 
cf  him  jrars  workv  on  a  coiiaJilcnble  »cale  have 
,  ia  vhicb,  by  roosting  iron  or  copper  pjrites  Ai 
cUoride  of  mliiiiii,  •  fulphatc  of  mxIa  lios  been  ol 
tftc  fRUttinaiy  niBiitifflclurc  of  oil  of  vitriol,  whilrt 
vriwd.    Tbe  RBCtioa  with  iron  pyrites  if,  i  FcSg+4N 
sI^-f4(KaO,SO,)+4CI.     A  portioii  of  the  ml 
r,il*«T8  bufDF  off  in  liiv  form  of  *iilphun)UB  acdd. 
tt  of  pour  ores  of  cop|icr  and  tia,  it  has  been 
ta  cxtr^t  tluM  metetB  with  adviuitogc  from  inatcriaU  v 
■OK  fl^enite  han  paid  for  workiug. 

1i^{baua  takes  advantage  of  the  dccompoaitioa 
■  afnAuB  IB  tbo  pnoenoe  of  alumina,  by  tteua  at  a  fai| 
nMi^  IB  order  to  obtain  alknli  from  it.  Precipitator^ 
«p  islo  hall*  rith  chloride  of  aodiutn,  aiid  ei]iOw< 
ml  of  McBDi  in  a  rcvcrbcrntory  furiiuco  atrongly  heated. 
'BgU  m  etpcli<'d,  whiUl  soils  t«  fbrmrd,  atid  com 
'tttabMiM!  Nat1  +  A]A  +  IIO=NaO.Al,0,  +  HCIi 
1b»  OMBpoOad  of  alnmiiia  and  loda  is  decooipo«ed  by  a 
■eid,  and  the  carbonate  of  Bodn  is  diffiolvnl 
vhidi  majr  be  again  employed  for  the  »amc  pi 
IVyrriw. — Carbonate  of  soda  baa  &  nausKHU  alka 
^  in  am  vBelrmeeot  eiilt,  nixmlly  cr^liillirjng  in  lar^, 
iftoathtiubtl  |imn»,  which  coutain  6193  percittit.  uf 
of  Mtfa^  and  ii'39  of  carlionic  nvid  ;  they  are  soluble  ia 
is  kM  water,  and  even  melt  iu  thnr  natcr 
It  iIkt  w  also  n'Ty  wuhible  in  (roM  nater. 
MabJ.v  parte  with  its  water,  and  molts  at  a  red  bod 
fi"^  (XT  cH'xt.  of  Hotln  and  4l'5r  of  euhl 
at  a  tempi!T3turc  of  —4°,  an  unatablo  hy\ 
'%H  tmj  be  uhtain«i)  (Jadiaclain).  MitMbrrlirii 
«arbuBatr  of  soda  crystalliEod  with  6  A<]. 
<  ^*,  the  salt  is  dvp(mted  iii  forma  tlt-rivrd 
octohcilron,  which  conUiiu  jAqj  whtUt, 
138^  ami  176",  fuur^sidci)  priimaBm 
t  A'l  ^Hrrerliu*].  Snhitinn*  ul 
1  (Ann.iie  CMmif,  HI 
;-.<i>'iii\'iii  of  tiipFrsaturattDn,  I 
w  tlwM  uicnlioDcd  when  speakiii); 
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887 


ChibiUi  a  mMiinum  i»liil(ility  at  loo*  F,;  the 
ity  above  Uiis  jioiiit  arim:«  from  the  formation 
byilrato  {NaO,CO,+A<i)  wliich  is  deporited  when  a 
tuntled  at  2ii^°ui  ooncentratMl  by  boiling.* 
Bicarbtwitte  of  Sorfa  (NaO.lIO,  3  COj  =  84;  Sp.  Gr. 
btaiurt)  bj  aaturating  a  tlroiig  nliitioo  of  Uic  ncutra] 
rilb  carbonic  acid  -  the  solid  crj^Btaltieed  carbonate  also 
rlioaic  nriil  uitli  oonfideralile  evolution  of  heat,  and  as 
onntc  ia  teas  soluble  than  tli«  oarboDAte,  thia  procen  it 
for  procuring  pure  carbonate  from  Uio  commercial 
iir  on  washing  the  powdered  bicarbonate  with  cold  water 
^hnga  are  free  from  Hulphntc*  and  chloridot,  a  pure 
^n  nblainud.  tlii^  salt  is  tlina  mauufactared  upon  a 
by  miKwing  or^xtidiixi^l  carlwiialc  of  «oda  in  stone  or 
xta  to  a  current  of  carbonic  acid  pa:  the  water  of 
OQ  ia  scparatod  during  the  proccKK,  and  the  tcm|)cratitrc 
Sefahlj.  The  hicarbooate  crjatallizea  in  rectangular 
wisnu,  which  require  lo  parfc<  of  water  for  solution  at 
nporAtitm.  If  its  solution  be  heated,  it  loses  one  half 
tjanal  equivalent  of  carbonic  acid,  and  ts  conTcrtnl  into 
wnti*.  At  a  red  heat  the  aatt  ia  conrcrted  into  the 
DOfUta  (NaO.COt). 

rdrat*  is  men  solnbto  in  cold  than  in  hot  waterj  and  liMOnHs 

n  tbo  iaollicr-ti(]uof  if  alloweil  to  cooL     The  auMnatunlod 

,  t  -.1^1,,  «jt|)  >  j^_    LSwri  dMcrib«s  two  moalflcaliiMia  of 

'.  li  diflfar  in  toluliilit}'  snd  io  emUllin^  form  i  <mb 

'.  ;^  rliombohudral  cry«ul»,  if  &  «oliicion  Miurat«d  at 

■  pofki^d  wliilat  boiling',  luid  iillowcd  lo  cool  down  to 

,  bul  it  it  rcdiMolT«tl  on  raiiiiiif;  the  t«mpcritiiro  to  70'^: 

n  to  bctwrcn  40°  and  y>\  the  modifioitiou  b  i*  ilfpoaiicJ 

Tf  (Wiled  l>cloir  40°  ill*  ■olution  gradiuUy  cl'|"uii»lln« 

condition  i>f  Mpenaturstion  oes»i;«.    Tlip  fo)low< 

ivv  Tiow  of  iImi  qanntitira  of  thn  lo-ntom  lijdrott^ 

ilie  7-aloin  Ujtlral^  coiit«ia«d  in  loo  ports  of  Um 

'rent  taflipent>ir<>* : — 


B  yard  <!f  Water,  «i€»  ntluritteJ.  e^nlata,  ^ 

t^«tol^ 

9I>0,«>,4TA4(»). 

laMt.     Cmtd.     C^irti 
tA.           iriik           «»ti 
T  *q.  1,        IS  At< 

III*O,00,*'TAit'l- 

inM>.     CrT<»<.     Com). 

Jk.            -Ilk           *4ik 

■%\a 

**  M      fS-^S      84'»» 
•J- w      8j-g(    nSj? 
10000    16051 
■  »*if     110  jS 
jr  0;     l}5"Jo    19091 
4J-45     'S*'9J    <47H 
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41JS     t;99o    38119 
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A  native  ^t^mrarlfonate  of  Soda  (a  NaO.IIO,  _j  ( 
=  137  +  27),  wliifli,  howc»cr,  lUnnys  conUbs  tuljilialc 
oMoride  of  sodium,  baa  been  long  kcown  iu  cotntncrce 
natron  :  it  is  chiefly  olitftiiii-(l  iw  11  valine  efBope-»ouncc  on 
uf  some  lakes,  of  wliicli  those  of  ICgj'i>t  arc  the  bust  k»o 
other  coimtrira,  however,  snch  lu  thoic  in  the  oeigbb 
the  lilaok  aiul  the  C'Mspian  Seas,  as  well  u  eome  porb 
Mil)  of  Silx-riu,  iiIko  fumith  this  m]I.  It  clyslallize* 
prifitns,  tGnniiiatctl  by  fouNsided  pyramids;  it  is  less 
the  carbonate,  bitt  more  to  than  the  bicarbouatc,  and  I 
alkahne  renctioii. 

Tlic  cnrbonatcs  of  noda  and  potash,  when  melted 
the  pro]<ortioii  of  t  eiqutvulnit  of  eiioh,  readily  coinbin 
n  ult  nhieh  fates  at  a  lotrcr  U-mpcrature  (haii  cither  d 
ponents.  On  aoconnt  of  its  ready  ftiaibility,  tltis  niixt 
fern-d  to  carbonate  of  potash  or  carbonate  of  M)da 
means  of  decnmjmsing  kibceous  miiieralH  iu  analytical 
(479).  If  carbonate  of  aoda  be  dissolrrd  in  a  solutioD  1 
of  potaab  in  exce«>^,  the  wlution,  on  i^vaiwrntioii,  ;ielda 
Crrstola  which,  according  la  Margucritte,  consist  of  3  (? 
KO,COj4-i8  Aq:  this  salt  Ls  decomposed  if  it  be 
recrvittallUc  its  aqueous  solution,  carbonateof  soda  bein 

(493)  PnospiiATEs  OP  Soda, — Pbofplkoric  acid  fo 
scrersl  crystalliutble  salts:  some  account  has  alnsadr 
of  these  compounds  (370,  371,  372). 

Neutral  Tribamc  Phctphale,  or  Suipfiotphmte  of  Sa 
POt+24  Aq=i64  +  3i<5);  i^p.  Gr.  cryxl.  itSjs.— " 
]>re]>arci)  fTx>m  the  rhombic  phosphate  by  adding  encatii 
solution  till  it  feela  «oapy  to  tlio  liagen.  It  crj-stallu 
small  prisms,  which  clHorcsrc  in  tboair,  aini  gratloally 
bouic  acid.  A  remarkii)»Ie  dutible  salt  of  ihta  ph>: 
fluoride  of  sodium  (NaF,3  Na(),P0,  +  24  Aq) 
Briegleb,  by  fuuti);  t\w  rhombic  pbDopbtitc  ci 
of  cakinm  and  carbonate  of  M>da ;  and  alw)  by  ■..., 
cryolite  with  a  mixture  of  {tliosphalc  of  soila  and 

Rhombic  Photftfiale  of  Suda  (2  NaO.dO.r' 
ai6)  ;  Sp.  Gr.  crifst.  1-5X6;  Kopp.— Thi»  k^' 
which  most  of  tlie  pbosphntcs  arc  foniKd:  tt  ia  tk 
has  been  longest  knoirn,  lutd  is  that  ccinioKXily 
phate  of  soda.  ]t  is  best  pmcurcd  by  ueutrvliiittit  «ll 
of  sods  the  add  photiplintc  of  litDe,  prr]Mml  »> 
iilR  phwiphonift  (36^1  ;  by  this  n  ^ 
piloted,  aiid  'i&lluYfcd  to  suWJt;;  1 
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^itnle,  ami  ert  a^i'te  to  cryittiillizc.  Phoitpliate  of 
;e,  troDiiMLTCiil,  ctlltircsceut  rhombic  prisms :  they 
saline  Uate,  and  nre  soluble  in  4  psrU  of  cold 
tlipy  fu«  in  their  wutcr  of  c-ry&lallixatioa,  and  are 
itt  ill  boiliug  water  to  aii  UDliinited  extent;  the 
Kuutly  alkaline  reaction.  It  corrodes  ftiat-glasa 
sioDA  tlio  »c<parution  of  white  filiceoos  flakes 
Clurk  foucid  that  vboD  the  solutioa  of  thU 
at  terniKratnrfM  aliove  90°,  the  salt  crystallise* 
of  water,  Riid  is  uot  efflorescent ;  in  both  fortns 
>Iioos  vitli  the  corrcHponding  arscnintc  of  sodu.  If 
X/',  it  loeta  all  its  water  of  crvatallixation  ;  bnt  if 
n  wMti-r,  it  amy  be  ohtaim-d  frotu  il»  Holutiuu  with  all 
tic  jiropcrtics.  If  a  solution  of  this  plioephatc  be 
phoaph<iric  iici<),  until  it  ceases  to  precipitate 
Jum,  auotlicr  phosphate  is  produoed,  formerly  known 
iate  0/  aoda  (1  HO,NiiO,PO(  +  3  A(i=  iio+ 18) ; 
ritli  difficulty  in  right  rhombic  prisms,  and  has  a 
ion. 

tribauc  ^uwpbatea ;  thoy  precipitate  nitrate  of 

colour, 

ie  of  Soda  (2  NaO,POj+  jo  A(i  =  133  +  9o)  ;  Sp. 

i. — If  llii^  rliomliio  phot^batc  bo  ignited,  it  loiMts  all 

Dii  then  treating  it  with  water,  a  new  dibasic  salt  is 

it'll  crj'stallizcs  in  jirisms.    Its  solution  has  an  idkaline 

jriehls  a  dense  white  precipitate  with  nitrate  of  silrcr, 

Kanged  bjr  exposure  to  light. 

pLf/e  tif  Soda  [NhO,l'i)^=  loi]. — If  microeoemic  salt, 
Ltribaaic-  phosphate,  or  the  acid  pyrophaspliute  of  soda 
■dnCM,  all  tlie  volatile  bases  are  ex[>cllod,  the  residue 
^k  glass,  ami  on  redissolnug,  the  metapho^phate  or 
Kiltate  ofsixla  i»  ubtniued.  It  forma  a  deliquescent 
rolf  salt,  which  has  a  feebly  acid  reaction  upon  litmus. 
Itaiued  iu  crystals.  The  solution  of  this  salt  causes, 
silver,  a  white  gelatinous  precipitate,  soluble  in 
L-taphoftphatc ;  with  nitrate  of  baryta  or  of  lime  s 
predpitaic  is  formetl.  This  salt  is  susceptible 
ificatioiis  by  the  application  of  difTercnt  tempera* 


>iUTe  or   SowA    (NaO,  1805+ 10  A(i=  101+90; 

)^'3^7i  cry*'-  1740),  is  well  known  in  commerce 
of  6orox.  It  is  producutl  iu  e»iii«idprable  quan- 
parts  of  the  world,  particularly  in  Thibet,  whence 
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for  many  yean  the  prinrapol  part  of  the  boras  otKuaiwd  • 
plied.     Tlie  crwlo  tiurax,  ur  lineal,  i»  obtained  by  the  *f 
evaporation  of  the  w&tor»  ot  tbc  lakes  whcooe  it  » 
occurs  crystslliuid  iu  fliiUcitctl  aix-!>i()«i  prisms,  tcnniuatiid ' 
hcdral  Biimiuite.     Theec  crvfltaU  arc,  howcrer,  very  impur 
covered  witli  a  grvoity  coating.  Mxd   to  Iw  derived  frow  tl 
iu  ivhich  they  are  imported.      Id  order  to  remove  thh 
ory«Ui.->  are  powderol,  throwu  iipou  a  Tdter,  tuid  va*l 
weak  solution  of  caustic  soda,  which  forma  a  soap  with  the) 
and  dititolreft  it ;  tho  remaining  ««lt  U  diitaolveil  in  waier. 
Dale  of  soda  equal  to  one   eiglith  of  tbc  weight  nf  iliP ' 
iddpil  to  the  suluttoii ;   a  copious  precipitate  of  earthy  if 
ensues,  the  liquid  u  cleared  by  filtration,  and  allownl  to  i 
•lowly  :  the  Was  is  dL-|>u»ituil  in  rectangular  or  in  aix-sklcd  | 
coDtaiuiug  lo  Aq ;   too  parts  of  tbia  salt  contun  36*65  of  I 
acid,  16-33  of  M>da,  ftnd47'i2  of  water.    When  rontlrred 
by  heat,  it  contains  69-3  per  cent,  of  boraaio  acid,  and 
soda. 

A  large  quantity  of  bomi  w  now  tnanufacturcd  from  < 
icid  obtained  &om  tlie  lagoons  of  Tuscany,  by  aaturat 
carbonate  of  soda,  and  alluning  ttic  aalt  to  cryatalliae. 
coiirtc  of  tins  operatioii  the  crude  horacic  acid  is  niiud 
half  its  weight  of  vucla  a»li,  and  ta  throwu  in  qnautitica  1 
3  cwt,  at  a  time  upon  the  floor  of  a  rovcrbcratorj-  ("ini; 
niixturo  »ooq  fi-its  and  cflvncsees,  and  muat  be  nell  ivtir 
the  proceos:  a  quantity  of  carbonic  acid,  of  ammoitiaij 
organic  mnttirr  which  nlwayii  aocompiinin  tlie  lioracic 
rid  of  in  this  operation.  The  friltei)  masa  is  then 
deep  iron  boilem.  Here  the  solution  in  nlloweti  to 
in  order  to  allow  the  impunti(!!i — wbiehoouMMi  chiefly  nfi 
carbtinatcof  lime,  and  some  silica — to  subside:  and  tbelti|ii 
'  brought  to  tbo  ap.  gr.  riiS6,  i>  drawn  olT  into  wooden 
with  lead,  where  tbe  solution  oooU  very  slowly.  The 
tals  iu  which  Imnix  in  dcui&udcd  for  tbo  market  aa  bej 
only  by  o[)cruting  on  rery  targe  mmcs  of  the  mU. 
alw  W  obtained!  in  octolicilrml  crystals  with  5  Aq,  if 
allowed  to  crystallise  iVom  a  wilution  of  ap.  gr.  i'2jA,  all 
nture  Wtween  1 74"  and  133". 

Horax  has  a  recbly  alknli 
crystals  are  soluble  in  aliout  I 
in  13  parts  of  colli  water-  they  are  sbgbtly  > 
Iteat4.-d,  liura\  hiibliles  up,  Ioac»  its  water,  mA  i-.:-. 
iaUi  ■  tniuepurent  glaat ;  this  glaH  (IimoIm  *  Luaut  ii>( 
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^^^npftrt  iiitCDte  and  charaoterUlic  oolourt  to  tlie  bead, 
^■tnoc  inucli  used  as  n  t<-:<t  Iti-fbrL-  the  blowpipe  for  leoog- 
nlitt  prracncc  of  certain  metallio  oxides.  For  tliU  piirpoM 
I  uyMal  of  borai  is  ftued  tii>oii  tlic  ctii]  of  a  bent  pUduum 
Ul  a  mitiulc  iiiiiiiititf  q(  tbc  nubatatice  to  lie  (osImI  in  moltod 
H^t  in  tbe  Hunc  of  tlic  blowpipe :  the  coloor  of  the  glass 
pBonliug  as  tbu  bend  is  heated  iu  the  oxidizing  or  iu  the 
K  flame  (404).  The  ix>vrer  which  this  salt  po&sesses  of  dis- 
|lb«  metallic  oxides  reDdets  it  advantageous,  in  tbe  proocw 
H  '-  ~\iilizabtf  metals,  to  sprinkle  tbc  metallic  suriaccs  with 
1  '. ;  on  the  application  of  b(-at  tbe  borax  tueltit  tut 

I  the  soldi-r,  aiul  tlio  film  of  oxide  vbiob  would  otheririsc 
I  the  oilliesiou,  is  removed  from  the  iiieccH  of  metal  at  tbe 
i  lliat  ibc  alloy  »  prcscDtod  to  anitc  them.  Borax  ia  used 
Kta  sa  a  flux,  and  hj  tbe  refiner  in  the  melting  of  gold  aiid 
[  In  nuking  cnameU  it  is  frequcutly  added  for  the  purpose 
EriiiK  tbc  oora)iouud  more  fu^iblv,  and  it  is  largely  em- 
m   fiaiu);  eoluurs  on  poreclaio. 

)cr  borates  of  soda  may  be  formetl,  but  the  biborate  i»  the 
It  of  Buy  prncticul  importance;  the  (luadriboratc  (NaO,  4  BO,} 
DEs  with  great  dittlcuUy:  a  neutral  borntc  may  beobtoiiu^ 
Kf  I  atom  of  ordinary  borax  with  t  of  carbonate  of  soda ; 
Ulbu«  ill  oblique  prianu  (NnO,]iO,  -f  8  Aq). 
k)  SiLK^ATsa  OP  Soda. — When  finely  diviflcd  silica  is  gri^ 
iddnl  ill  fiiacd  caHMnatc  of  sodo,  carhouic  acid  is  evolved 
lerVRscencc,  and  a  mixture  of  various  silicates  of  soda  is 
[  FritiHrbo  obtained  a  neutral  sibcatc  (NaO,SiO-f  9  Aq), 
plt-iug  in  a  stroug  solution  of  hydrate  of  soda  a  quantity  of 
■aaJ  in  wrt<{bt  to  tlic  anhydrous  soda  present  in  the  liquid : 
■Uiaes  sometimes  iritb  6,  sometime*  with  9,  atoms  of 
I  Wbett  a  conccutruted  solution  of  carbonatu  of  •o<la  a 
f'dii  Gucly  divided  silica,  a  lat^e  proportion  of  silica  is  dis* 
[bat  Ibc  clear  liqiii't  a«  it  cools  dcpomts  a  gelatinous  preci- 
■liicb,  uecordiiig  to  t'orcb hammer,  consists  of  NaO,  36  SiO^ 
hiqUw  have  Iwen  obtained,  to  which  tbe  formulae  (2  NaO, 
■Hn<  t,  3  SiOj)  and  (NaO,  4  ^i(\)  have  been  assigned.  It 
PPjlowevcT,  to  prove  tbe  existence  of  tbc  throe  compounds 
pO^  Uto  ncntral  silicate  bas  tbe  property  of  being  di»- 
■Bl  nCBM  of  fiiHcd  carbonate  of  soda,  and  the  glass,  which 
PlTtmuparQnt  while  hot,  becomes  opaque  on  cooling  ;  but 
M  aiiicalD^  if  heatnl  sufficiently  vith  an  Dxcosa  of  silicic 
pelts,  and  fi>rms  a  lioniugL'ticous  mixture,  which  yields  a 
^^^^s  on  cooling,  the  fuiiibilily  dccreauug  as  tUc  giO- 
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portion  of  silicn  increases,  until  when  the  quantity  of  kittca  uaonU 
to  9  (^quiralflnta,  the  lieat  of  a  forge  is  required  for  its  fusion.  Then 
silicates  arc  all  more  or  less  sohihle  in  boiling  vtnter. 

A  iieculiarsiilicale,  which  hiia  reeeived  theuaroeofwAiA/ejpiu^ 
is  prepared  by  mcltinf;  toj^hf  r  8  parts  of  carbonate  of  woda,  w  10 
of  earlx)iiute  of  potn.-<b,  with  15  of  pure  quartz  sand  and  1  pattol 
charcoal  (Fuchs) ;  the  charcoal  reduces  the  carbonic  acid  to  tap 
honio  oxide,  mid  facilitates  the  decomposition  of  the  alkaline  c«> 
bouatc ;  a  black  glass  is  thus  obtained,  which  is  not  soluble  in  col 
,  WBtvr,  but  is  almost  completely  diwolved  by  5  or  6  times 
weight  of  boiling  water.  Soluble  glass  is  employed  in  (iiing  fi 
coloun",  by  the  procp«»  known  as  ttfreochromtj.  The  ground  cm 
ployed  in  this  process  for  the  reception  of  the  colour  consists  of 
mixture  of  lime  and  fine  sand,  cemented  by  n  so'uUon  of  solsU 
glass.  The  colours,  ground  up  nith  water,  are  then  applied  u 
B  varnish  of  soluble  glass  is  brushed  over  the  whole, 

Allusion  has  already  been  made  to  the  application  of  a  solntit 
of  soluble  giflss  as  a  cement  in  the  prrpnration  of  an  artificial  si 
ceons  dtone  (3X5).  Mnny  metallic  oxidea — such  as  lime,  magoesi 
and  oxide  of  zinc — arc  acted  upon  by  the  solution  of  silicate  of  wd 
carbonate  of  lime  and  other  salts  Inking  converted  by  it  into  m 
of  grent  hardness  and  durability;  double  decompmitiou  of  the 
catc  and  earthy  Malt  occurring  to  a  grcnter  or  Ics*  extent.  Up( 
thi«  principle,  Mr.  Ransome  has  applied  a  solution  of  silicate 
pottsh  to  the  prevention  of  the  ihrcar  of  nugneiiaii  and  other 
stones  which  arc  cxpoi-cd  to  the  weather :  a  solution  of  the 
is  brushed  orer  the  surface  of  the  stonework,  which  becotaea 
dually  converted  superficially  into  silicate  of  lime. 

Wlicii  heat  is  appliti'd  to  the  silicates  of  the  alkalies,  they 
not  at  oDcc  become  liquid,  but  pass  through  an  intermcdit 
visnouH  stage:  tliey  impart  this  viscidity,  and  the  tran^pard 
which  they  preserve  on  cooling,  to  many  other  ailieatesi  if  Lhoyf 
filled  wiib  them,  and  they  destroy  the  tendency  to  crystalliie 
solidifying  which  the  silicates  of  the  earths  and  of  the  heavy  ■ 
tnllic  oxides  pussecH.  This  property  is  of  the  highest  intportaoM 
mankind,  for  upon  it  depends  the  most  valuable  properties  of  ^ 
— ductility,  which  enables  it  to  be  moulded  whilst  in  this  inti 
mediate  state,  and  transparency,  which  renders  it  applicable  tO 
multitude  of  important  uses.  The  silicates  of  the  alkalies 
unable  alone  to  resist  tlie  action  of  water  and  other  solvcuts  m 
vicntiy  to  fit  them  for  many  of  the  applications  of  glass ;  but 
combined  witb  silicates  ot  V\\c  wurt^  aud  certain  melaltic  oxid* 
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niAy  he  obtitincil  after  fusion  vhkh  are  no  longer  eolublo 
at  ID  itciils. 

Tlic  compcMition  of  i^lasa  difTcn  ooDsidcrabl;  with  tkc 
r  tlic  purpoaea  to  wliicb  it  ia  ileatinal,  but  it  consiito 
f  tntxtun-s,  in  varying  pTO[)ortion9,  of  silicates  of  potoab, 
DC,  liAryta,  aingiieiita,  tilumiim,  am)  oxide  of  lead, 
hy  tbc  nddition  of  small  quantities  of  diflbrcat  mctaUic 

rticuiarly    thow  uf   imu,  mangwieM,  cobalt,  uranium, 

legrec  of  ftnibility  of  tWsc  difTcrcnt  Mlicates  Taries  con- 
Tbe  Mlicat«s  of  lime  and  of  magnesia  fuse  witb  great 
when  heatei)  prr  »e :  the  most  fit»ible  cornjiotiiM)  con- 
toiDB  of  base  to  5  of  acid,  the  quantity  of  oxygen  in  tbo 
ag  to  that  in  the  itlicic  acid  a»  i  is  to  3.  The  ailicatea 
liiJe  wf  iron,  3  FeO,  3  SlO^,  and  of  manganese,  arc  readily 
d  cryitullizo  ou  cuoling.  The  xilicntc  of  lead,  2  I'bO, 
I  still  more  fusible,  aud  on  coolin);  forms  a  yellow  trana* 
iM.  On  tilt:  oIImt  hand,  sitienttryf  idnminn,  AljO,,  i  SiOy 
iiifusiblL'  in  the  funiaoe.  All  tlicsc  silicates,  however, 
led  with  each  other,  or  with  the  silicates  of  the  alknlica, 
My  lawcr  tcmi>eratnrca,  the  fusing  point  being 
I  iv  that  (if  the  inenti  of  the  dJIU'rent  Hilicntca 
L  The  silicates  of  lime  and  alumina  arc  nearly  infusible 
I,  but  tbcy  melt  readily  afUr  they  have  been  mixed 
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y  of  the  pro|>ertiea  of  glass  are  familiar  to  cveiy  one.  It 
ipucat  brittle  solid,  more  or  Iciu  fusible,  and  just  before 
■wd  of  reinarkulilc  ductility,  a  prui>crty  wliicli  enables 
m*a  to  fashion  it  into  the  numberleas  forms  which  luxury 
nietioo  dictates.  The  different  varieties  of  glass  arc  not  to 
lad  aa  definite  compounds,  but  as  mixtures  of  various  sili- 
di&rcnt  prn|<ortiuns,  with  aa  cxocsa  of  silica.  It  is 
'  -■---'..  huwcvcr,  in  the  best  kinds  of  glaM,  Uiat  the  mix. 
nearly  in  such  pruportiuns  that  but  little  lulica 
D  ttie  uneombiiiDd  form.  The  projMrtiou  of  silica  to  the 
conventcntly  expressed  by  ascerlaiuiug  the  proportion 
niT^n  uf  the  base*  bears  to  that  of  the  silicic  aoid. 
ible  gives  the  result  of  some  analyses  of  the  more 
ijiuif  of  glass  ^— 
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ComfMition  ^iifftrtnt  Variiiin  ^QU*»  t*  toe  ffrtt- 


SOioa  .... 

DminiB* 

SkhMdHK 
do*. 

BitfHPtf* 

'■oRle. 
Prmch. 

«^ 

u. 

<J 

'  Knw*. 

Sncbrfl.' 

'  r*-Mk. 

VwWIia: 

1 

'rs 

«9'6» 

«6-37 

73-<S 

6S4 

PotMk    .    ,    . 

•  »• 

Sffi 

S:* 

Soda  .... 

i5*»> 

I4'« 

ll'Ofi 

6-1 

Un*  .... 

99'» 

'3"3' 

6-6o 

ii« 

VwtaM    .    . 

..■ 

>»■ 

■  >. 

ai 

Aturoina  .    .    , 

6'ot 

i-Ba 

8-ifi 

350 

i-a 

OxHe  of  ifon    . 

5'74 

ora 

Oxtd«  of  nnin-' 

... 

... 

... 

«ri 

Bjitio    of    the'\ 

oxygm  in  tUo  [ 
baspt  to  that  [ 

t    !    1 

•  =  4 

a. 7 

»  =7 

t.fl,   1 

JD  tbc  silioa    J 

I 

: 


siJtM .... 

Potuh    .    .    . 
Lima  .... 
Alumina  .    .    . 
Oxia«oriead    . 
Oxide  of  tia.    . 
Oxidn  of  iriMi 
and  nanKa. 

ItamN. 

trvliik 
dlnu 

r>^^ 

llolif<miui 
VMr\. 

'l:^^'*  SUM. 

IIS 

9-6 

ila-S 

31-1 

••• 

5'V3 
'377 

0-47 
3311* 

^1 

*»5 

11-7 

?^ 
435 

38-< 

1-0 
63-0 

Ratio  of   tbC^ 
0X7f  ra  til  ilie  f 

imw*  to  iiuu  r 

in  Uie  silica    } 

I   =  4 

'  I  S 

I   !  6 

I  1  4 

•  •f 

(497)  C/<M*  m  utAicA  SUicatea  of  Pol/uh  and  lAme , 
— Tlio  eilinites  of  potasli  and  lime  arc  llie  principal 
of  tlic  celebrated  Boiiemian  gla«>,  iiielucling  tlic  raHrtj 
emplovcd  in  the  |ire)iiiralion  of  the  banl  glaMof  difTIriiU 
BO  luucli  pri3w<l  in  llie  labnratdry  in  ttie  ttilwi  n*o<t  fori 
bustioti  of  ornanic  rompotioils:  tbc  romiHuition  of  tliU, 
be  n^irwmitcd  sppmxiiiiatiT^y  by  tbc  fornitila  (KO, ; 
5  SiO,),  gwH  of  tbu  potash  hitnng  its  ptan- 
part  of  tlie  Imitf  by  mapmia,  nlmniua,  and 
iron  and  niaiiganew.     The  norv  fusiblo  ^\aa»  whici 
in  the  inaniifartitrc  of  ibr  •--■I'lfvl  -■-■ 
BotiCRiia  has  lung  bixu  dU'. 


, .-I  .1.;. 
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PIlraUM  of  poliuih  Biitl  lime,  iu  a  projwrlioa  nliich  ap|)n)achet 
W«0,+  3(C«0,SiO,j)  +  AI,Oj.5SiO.J.  Tlic  crowu  glww,  cm- 
M  for  optical  purjioscii,  baa  iiearij  the  forninla  (K(),SiOj  + 
■SPi).  iDumoM.  .^nii.  oEc  C/iimie,  II.  \liv.)  In  the  lest  two 
^Be  proportiou  of  oxygen  in  tlic  ba»ea  to  that  in  the  silica  is 
iBtarijr  u  i  :  4. 

M|^0  finer  lunda  of  Rlaas  potash  i*  always  employed  in  pr^ 
^Hd  lodK,  beaiuHe  ihu  gtius  ntadu  from  soda,  however  car^ 
^Ki&KterJais  are  selected,  kaa  a  bliiiih>grecn  tinge,  wbtch  is 
^Hr^ed  when  pobiKh  in  uMd.  The  polish  glass,  however,  is 
^■h  brilUant  than  that  whtcli  ountitiiiH  soda. 
u8)  Giatt  eoiwUliHff  of  Si/iealei  0/  Scda  and  Lime. — Freneh 
I  glsaa  and  ordinary  window  f^loM  are  the  nio^t  imponiint 
Nea  of  tbti  dcseriptiuu.  Plate  glass  is  very  fiisilile,  altliotigb 
ttjgmx  of  the  bases  whioh  it  oootaJna  amonnta  only  to  about 
bill  of  that  of  the  silicic  acid.  Soiln  prodaccs  a  more  liquid 
Auibic  compuuful  titan  jwinitb.  The  addition  of  lime  to 
I  diminiiihcs  its  fusibility  whilst  it  increases  its  lustre  and 
Km  without  alToctiog  the  colour.  Care  niunt  he  taken  not  to 
br*u  excef»  of  lime,  for  it  is  liable  to  render  the  gias&  milky 
Hk,  mlthough  il  may  be  perfectly  transparent  whiUt  hot. 
Bat  care  is  required  iu  the  selection  of  the  materials  em- 
p.ia  the  numnliicture  of  the  finer  kiudo  of  glans.  The  in- 
^b  u«»l  in  tlie  phitc  glass  of  St.  Qobain  eonsist  of  300 
IWbitv  c|tiartxo>c  sniid,  100  of  dry  earbonotc  of  soda,  43  of 
l*lakt-i|  liy  vx|^>nsure  to  tlie  air,  and  300  of  fra(n»eiit«  of 
■  gLt*»  from  prerioua  meltings.  The  fuel  employed  in  the 
B  M  wood. 

p>M  materials  are  intimately  mixed,  and  then  melted  io  & 
i  deep,  oonical  nrticibJe,  in  which,  after  they  liave  been 
wtdy  fiianl,  thi-y  are  allowed  to  stand  at  a  high  temperature 
pcral  hours,  in  order  ihM  llie  impurities  may  sulwidc. 
^b  of  tliis  mixture  sufficient  for  casting  a  single  »hc<et  are 
^■KKCil,  by  means  of  copper  ladles,  into  a  smaller  >(|unrc 
Mr,  termeil  tharinv//c*  U'licn  the|:liu>sis  tliorou^hly  melted 
H||ij  is  mnoTcd  from  tlie  furnace  hy  a  crane,  and  the  ({lass 
H^  ponriii;;  it  upon  a  sohd  tulile  of  east  iron;  along  the 
If  this  tahlt-  are  ledges  of  metal,  to  regulate  the  tliicktieiw  of 
■HoCglBH;  the  molten  mass  in  immediately  spread  and 
IU)ti^>  a.  lAnii-  liy  means  of  a  heavy,  hollow,  metallic  roller. 


tJtL^  iiu'.  riii 


<*  ^V'ork«,  tbesUM  is  incited  in  tlie  Mmo  pot 
iu  osicliiig.     llic  poU  OK  cylinJrit'sl,  ami  not 


^•}-e\i  is  OC«L 
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Th«e  sheets  arc  next  snncaU-il  by  Ijcing  placed  in  a 
Mid   Allowed   to  OQol  vory  Nluwiy  dowu  to  tlia  tcm^icrnt 
air, — an  opcratiou  which  requires  from  a  week  to  n  fortuig 
its  compU'tiou.     Thcr  are  tlieii  lerelled  by  oemeatiti* 
vith  plaster  of  ParU  upon  a  stab,  atiil  niiuiiig  a  MODi 
move,  by  machinery,  orcr  the  aurCoco  of  the   first,  tlie 
material   Iwing  fino  sand  and  tratcr:  a  IctcI  aurfiicc  ha' 
tbuM  ubiiniicd,  it  in   Hmouthed   by  emery  of  gnuhially 
fineness,  and  tb«  final  )x)lish  is  rivcu  by  friction  with  & 
gated  coloothar,  or  peroxide  of  iron. 

Window  glass  ia  made  of  a  mixture  of  too  parts  of 
from  35  to  40  of  chalk,  30  to  35  of  soda  aA\,  and  from  . 
of  broken  glass,  or  cuUet.  An  cquiraleiit  amonnt  of 
sulphate  of  soda  may  be  anhstitiited  in  this  niixturv  for 
Iwnatc,  for  at  a  very  elevated  temperature  the  silicic 
auiphuric  acid;  this  dei;ompositioD  may  be  fudlitated 
the  sulphate  with  al>out  a  tenth  of  its  wei{;ht  uf  char 
sulphate  is  thus  reduced  to  a  lower  state  of  osiilatioii 
sulphur  eseapes  in  the  form  of  sulphurous  acid  at  a  lower 
ttire  llinn  that  required  to  expel  the  aeid  from  the  sulphi 
\Vhen  carbonate  of  soda  is  used,  the  materials  ore 
jcctcd  to  a  heat  ia^ufficicut  completely  to  fuFc  tbi*  mai 
fritted  together,  or  heated  until  they  ngglomemte;  t 
thus  eomplctcly  expelled,  and  a  port  of  the  carlKinic  a 
rid  of :  the  frothing  up  of  the  mixture  in  tlie  «ibae<iumt  I 
to  the  expulsion  of  the  carboaic  acid,  ia  al&o  diminiahe 
loss  of  alkali  by  volatilixation  is  considerably  lesHCiie<]. 
mass  is  then  transferred  to  other  pot«,  and  tho  tcmpcraU 
furnace  is  raised  until  complete  fusion  is  eflcctcd.  Thi 
after  it  has  been  thoroughly  melted,  is  aliased  to  »tan( 
that  the  bubbles  of  air  may  escape,  and  tlutt  tlie 
become  imiform  in  composition  :  the  excess  of  sulpbate 
of  ehtoridc  of  sodium  which  may  have  ccapw!  il 

to  llic  surface  an<l  is  skimmed  olT,  forming  what  :: 

terms  fflaa-gall  or  tandirer.  The  glass  it  then  rIIowi 
until  it  assumes  the  |utdty,  tenitrious  condition  rcqau 
uaiiipulutious  of  the  glass-blower. 

(499]  Silieatet  ^  Alumina,  tJme,  Inn,  Magntwia, 
Potath. — Tlie  infeiior  dL-scriptious  of  jlas' 
making  wine  bouirs,  rarlwys,  aud  other  ar'  j. 

culunr  is  uiiimpurtant,  consist  of  A  mixture  of  Ui< 
matrrinls  employed  iin>  of  a   coanr-r  kind  than 
jircrcding  rariciivs  of  glass.     A  fcrm^iiinus  iir  oehrv 
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ittinulutr'fl  vmte,  tre  common  iii^iliPtilH.  Mr.  Pell&tt 
feUowiDg  as  A  comjxMitioii  cmplojcil  in  makiug  botUe 
ICO  menounM ;  aonper's  wut«,  80 ;  gas  lime,  80; 
•il"?.  5  i  """'  iw-'lt  salt,  3  mcasarcti.  Tbe  ordinary 
botlliw  «re  of  an  olivc-gpeen  culoiir,  protliioed  by  the 
of  |irou>xidc  of  iron  :  while  sonic  of  the  German  bottles 
brown,  reaiilting  from  a  mixture  of  ihc  oxides  of  iron 
SD0]L-timc>8  sulpbntc  of  baryta  is  addeil,  with 
of  rendering  the  glass  more  fnsihle.  Bottle  glass  con- 
amaller  proportion  of  silica  than  any  of  the  prcoediog 
One  Hi>e«;imcu,  analyiwl  by  Dumas,  presented  a  com* 
wb  ich  would  be  approxi  matircly  represented  by  the 
ita,  6  [(CttK)0,SiOJ  +  (AlFc)i,0^  3  SiOj ;  vrbilst  in  a  second 
the  composition  would  be  more  nearly  represented  by 
K)0,SiO  J  +  3(A.IFc),0„  3  SiOj.  The  oxygen  of  the  ba*es,  in 
Est  iustoiice,  is  in  tlic  proportion  to  that  of  tba  siUcic  acid  as 
1,  u)(]  in  tbc  MCund  case  nearly  as  2  to  3. 

<)  OrvUrifiraliOH :  Rfaumui's  Porcelam. — Bottle  glass  is 
nlarly  liable  to  become  dentrificd  by  slow  coolin|;,  and  to  be 
rted  into  wliat  is  Icriued  ltranmur'»  porcelain.  \u  order  to 
this  cfiV-«t,  tliu  glass  may  be  imbedded  in  sand,  or,  still 
-,  in  A  mixture  of  gypsnm  and  »iknd,  and  heated  up  to  a  point 
t  to  Miftcn  it,  but  just  short  of  that  required  for  its  fusion. 
be  now  «ll(>we<l  to  oool  very  slowly,  it  will  be  found  to  have 
fcaltereJ  its  aspect  aud  properties ;  baring  become  opaque 
Pt-white,  and  nvKh  resembling  jorcelain  in  appearance.  It 
■omewhat  less  fusible  and  less  liable  to  crack  on  the  appli' 
uf  sniiilen  cluuignof  teiniiemturc,  and  is  much  harder  than 
IH  from  which  it  was  procured.  It  is  a  bad  conductor  of 
Hit  cnnilucts  electricity  to  a  cuu»iderable  extent,  being  cora- 
B  iu  this  respect  to  marble  (Felouzc).  This  alteration  ap- 
to  l>n  due  to  the  partial  soparatioo  of  certain  silicates, 
■irly  of  tbc  silicates  of  lime  and  alumina,  nod  their  assump* 
ra  moru  or  1i-m  definite  cryxtaltino  form.  Tiit»  eryaullisa- 
j  sDnielimes  very  beautifully  and  perfectly  exhibited  in  the 
^Rt  tht'  bottom  of  tlie  glass  pots,  which  are  allou'cd  to  cool 
vitli  ^mi  slowness  and  regularity.  Nodules  of  opaque 
Ed  crystuls  ar«  there  often  found  surrounded  by  a  transparent 
A  muMS  of  these  opaque  crystals,  analysed  by  Dumas, 
ed  a  conipo«itiijn  which  corresponded  witli  the  furmnia, 
<a)0,iSiOJ  +2(AljO^]9SiO,;  wbiUt  the  transparent  glass 
di  tbi-y  hiiil  m-pi>raled  conCai]ii.-<l  3'j  per  cent,  less  of  silica^ 
iimiua,  juid  a  projwrtiouately  larger  guauUty  of  soda* 


0»Q 
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Theae  slieets  are  next  ftonealed  by  being  pi 
and  allowed  to  cool  very  slowly  down  to  I 
air, — an  operation  wbich  requires  from  a  i 
its  completion.  They  are  then  levelled  b; 
with  plaster  of  Paris  upon  a  slab,  and  cat 
move,  by  machinery,  over  the  surface  of  t 
material  being  fine  sand  and  ivater :  a  le^ 
thus  obtained,  it  is  smoothed  by  emery  c 
fineness,  and  the  final  polish  is  given  by  f 
gated  colcothar,  or  peroxide  of  iron. 

Window  glass  is  made  of  a  mixture  of 
&om  35  to  40  of  chalk,  30  to  35  of  soda 
of  broken  glass,  or  atltet.     An  equivalen 
sulphate  of  soda  may  be  substituted  in  - 
bonate,  for  at  a  very  elevated  temperaf 
sulphuric  acid ;  this  decomposition  mi. 
the   sulphate  with  about  a  tenth  of  i 
sulphate  is  thus   reduced  to  a  lower 
snlpbor  escapes  in  the  form  of  sulphui 
ture  than  that  required  to  expel  the  : 

When  carbonate  of  soda  is  nseil 
jected  to  a  heat  insufficient  complet' 
fritted  together,  or  heated  until  t 
thus  completely  expelled,  and  a  p:i 
rid  of :  the  frothing  up  of  the  mixti 
to  the  expulsion  of  the  carbonic  1 
loss  of  alkali  by  volatilization  is  c 
mass  is  then  transferred  to  other 
furnace  is  raised  until  complete 
after  it  has  been  thoroughly  me 
that  the   bubbles  of  air   may 
become  uniform  in  compositioi 
of  chloride  of  sodium  which  n' 
to  the  surface  and  is  skimme' 
terms  glass-gall  or  sandiver. 
until  it  assumes  tbe  pasty, 
manipulations  of  the  glass-V 
(499)  Silicatet  of  Alum'' 
Potash,— The  inferior  dcsi 
making  wine  bottles,  carlir 
colonr  is  unimportant,  cot) 
materials  employed  are  of 
preceding  varieties  of  jj^ 


lU 


top 


^ 


COLOVBBD    OUSIKS.  ^^ 

arc  arcliod  oTcr  at  top,  and  bave  an  opening  at  tbe  upper  fM^I 
one  side  for  the  iiitroduotion  uf  the  charge  and  the  withdrairsl  q 
tlie  gloxs  :  they  are  set  in  the  furnace  in  sucb  »  manner  oa  to  prai 
rent  the  access  of  sfDokc  and  combustible  gaaea  to  the  inlcrionj 
irhich  would  eodaagcr  the  reduction  of  llic  oxide  of  Wad  to  thn 
metallic  state.  Plate  glasH,  crowa  glass,  and  the  other  \-arietied 
of  gloss  are  made  in  open  cnicibles.  The  alumina,  which  is  cooJ 
tained  even  in  the  finest  glass,  is  chiefly  derived  from  tltc  Mtiool 
of  the  vitrified  niaterinltt  upon  the  ehty  of  the  pots,  I 

(502)  Coloured  Glasses. — For  the  purpose  of  producing  iraita^ 
tiona  of  preciouH  gcnin,  a  lead  gl-Mt  of  ntill  liighcr  rcfntctiug  ]io«tr,  J 
termed  paste,  or  sinus,  is  employed,  the  proportion  of  oxitle  on 
lead  exceeding  53  per  cent. ;  the  compoKitioD  of  this  sulistance  n 
very  nearly  represented  by  the  fominla  (KO,  2  SiO^  +  3  PbO,  3  SiOjJ 
the  proportion  of  onygen  in  the  basca  being  one  fourth  of  dun 
prvHent  in  the  silicic  acid.  A  little  borax  in  often  added  to  llnll 
glass  to  increase  its  fusibility.  Glass  of  this  description,  wbaj 
properly  cut,  is  employed  to  imitate  llie  diamond.  The  ycllo*] 
colour  of  topaz  is  given  to  the  strass  by  the  addition  of  about  ll 
per  cent,  of  peroxide  of  iron,  or  by  a  mixture  of  4  per  cent,  at 
oxide^of  antimony  with  a  minute  proportion  (o'l  per  ceul.)  all 
pnqde  uf  CaHxitis.  The  briUiant  blue  of  !>spphirc  is  imitaicd  m 
means  of  a  small  quantity  of  oxide  of  cobalt,  J 

It  is,  indeed,  11  property  of  glass  tu  distolve  small  qnantitiM 
of  many  of  the  metallic  oxides  without  losing  its  trnnspamu^fl 
hut  the  gla«s  become!*  coloured  with  more  or  less  intensity,  ^1 
nitli  ditTerent  hues,  according  to  the  nature  of  the  metallic  C^H 
employed.  Protoxide  of  iron,  even  in  i>mall  quautitice,  coi^H 
nicatoi  colonn  which  vary  from  a  palcgiccu  to  a  deep  bottIe-g^^| 
according  to  the  proportion  in  which  it  i*  prc^ut :  scsqutoxiwM 
iron,  on  the  contrary,  has  but  feeble  colouring  power,  unlcxJ^B 
nent  in  considerable  quantity,  when  it  produces  a  yellow  od^H 
protoxide  of  manganese  is  nearly  colourless,  but  the  sesquiol^H 
couimunicates  a  riolet  tint  to  the  glass.  Advantage  is  takqH 
the  knowledge  of  these  facts  in  preparing  coIonrlcM  glass :  j^M 
Loxido  of  iron,  iu  minute  quantity,  h  a  frequent  imparity  in  «■ 
r  materials  used,  and  it  produces  the  green  itnge  oAen  obscn-cd  id 
ordinary  glass :  a  minute  quantity  of  black  oxide  of  matijaiMM 
corrects  this,  it  imparts  oxygen  to  the  protoxide  of  iron,  wkidH 
thus  becomes  converted  into  the  colourless  peroxide,  whiUt  tin 
manganese  itself  being  reduced  to  the  state  of  protoxide  exerts  ufl 
iiijtmous  colouring  effr^ct.  A  little  nitre  or  arseuious  acid  U  MtmcJ 
times  added  to  glass  iuatcai  kA  v(\\\m  o^  m%i\^iKw,  vith  a  similli 
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ivortiug  tho  protoxide  of  iron  into  sesquioxidc.  OxMe  of 
[iiuporu  an  cmmld-grcrn  tingi' toglasa;  oxide  of  cobalt 
A  mixture  of  tlie  oxides  of  cobult  and  nmnganese 
ck  g\i»t ;  hUtck  oxmIc  of  eoppcr  (CuO)  produces  a  green ; 
'  copiMir  (CujO)  aa  intense  ruby  red  ;  vrliilitt  the  spark- 
LDoe  of  amntiiriiifr  Id  Auc  to  tbc  dissemination  of  tetro- 
rstals  of  reduced  metallic  copper  tliroiigli  tlio  tnawi. 
lium  cntomuDicalcs  to  the  glass  a  peculiar  ojnlcscetit 
iffrrrat  shades  of  felloir  are  alfo  produced  hj  oAiilc*  of 
I  of  atitiinoiijr,  and  by  finely  divided  charcoal ;  and  a  com- 
af  gold  with  oxide  of  tin  ^ivea  a  magniBocnt  mby  gliuu. 
Detiuva  gUuw  la  fitahtd  or  «upcrlicia]ly  coated  irith  tbc 

torcion.  A  mass  of  colonrletti'  glass  i*  iu  this  case  taken 
Vkuaa  npoD  tbc  end  of  his  blowing  tube,  and  then 
D  a  pot  of  tbc  coloured  gla»  ;  on  blowing  out  the  lump 
Voaaol  ia  obtainctl  \hc  exterior  layer  of  which  is  coloured, 
ibe  inner  layer  consists  of  colonrleta  gla^s. 

on  glaaa  is  cflected  by  means  of  a  icry  fusible  glass, 

■netted  girea  the  required  tint ;  tbiR  glanit  ia  reduced 

'  powder,  nod  worked  up  with  turpentine  into  a  pigment: 

ipplieit  with  a  pencil  to  tbc  surface  of  ii  nhei^  nf  urdi- 

Tbe  painted  glass  is  sflcrwarda  aubjcclcd  lo  a  heat 

nent  to  melt  the  coloured  glaM,  but  »  not  iuteuae 

ultcn  the  glaas  to  which  it  ia  applied. 

ia   t)»e  term  given  to  an  easily  fu-iible  glasa,  through 

aniinaled  aome  opaque  white  substance  which  ts  in- 

!  tetii[irralure  em^oyed,  such  for  example  as  the  bin- 

A  uctallic  ash  is  prepared  by  calcining  at  a  low  red 

iro  of  I  part  of  tin  with  from  i  to  6  parts  of  lead,  in 

-iron  reael ;    the  aiih  so  olttaincd  is  mixed  with  sand 

ih<3  proportioiu  of  which  may  vary  cotiaiderably.     In 

the  prc|>aralion  of  enamel   given  by  Knapp,  the 

of  tiu  and  lo  of  lead  are  directed  to  be  grotiud 

parts  of  powdered  quRrtic  atitl  2  of  pure  »odiL  aali, 

|tie  bodies  may  be  tubstitulnl  for  the  oxido  of  tin  in 

klioD  of  enamel :  in  tliis  manner  bone  ash,  oxide  of  anti* 

,  (rvrn  umenious  acid  are  HOin<!times  employed  to  produce 

rrqiiimL     The  enaiucl   may  be  tinged  of  any  colour 

addition  of  uetiillie  oxides.    The  t^iianirl  is  applied 

tlio  surfocu  to  which  it  ia  to  be  attached,  and  is 

ipmiire  to  heat. 

1  tif  glass  resembling  cnnmcl  has  been  ase<l  to 
pota,  OS  a  nibdtituce  for  tinning.     It  cou&iatd  oC 
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powdered  6int3  grouud  with  calciucd  borax,  fioe  cUf,  and  a  littl 
feUpar.  TIiim  mixture  U  math  into  a  pa&te  witb  «ster,  u 
brushed  over  the  pote,  aAcr  tbcr  Iiavc  bccu  scoured  with  dUutc 
sulphuric  acid  ni)<i  wi-ll  rinntrd  in  water ;  while  they  un^  "till  moist 
tliey  are  dusted  over  with  a  glaze  bOD)po»c<l  of  fclapar,  carboukt 
of  Mida,  borax,  uid  a  little  oxide  of  tin.  Having  been  tliu»  pn 
pared,  the  [iota  arc  ucxt  carefully  dried,  aixl  tiually  the  glair  i 
fudcd  or /(-erf  under  a  niutTle  iit  a  bright  red  lieat.  0\iile  of  lot 
though  it  increases  the  fubibility  of  the  glaw,  should  be  caicfo 
n>'oidcd,  for  it  doc«  uot  resist  ttie  action  of  nctds  in  culii 
operations. 

{503)  Projiet-titf  of  Cii«.— Well-made  glaKi  is  unacted  upg 
by  aiiy  acid  or  mixture  of  acids  except  the  hydrofluoric,  « 
destroys  it  by  cunibiniiig  witli  it*  vilica.  But  it  is  not  abwlutt 
insoluble,  tliough  it  is  gcucrally  cousidcrcd  to  be  capable  of  vil 
standing  tlic  action  of  water.  If  glass  be  powdered  and  moirten 
with  water,  the  liquid  will  dissolve  a  small  quantity  of  alki 
sufficient  to  turn  turmeric  |iu[xt  brown.  Most  variettn  of  po 
dercd  glaiM  wlicu  oxpo&ed  for  some  time  to  tbe  air,  were  found 
Tclouze  to  absorb  ciirbutilc  acid  in  sulhcient  quantity  to  cdcrrai 
wheu  treated  with  an  acid,  particularly  if  they  had  Ix-eii  li 
moittcned  with  water.  If  Icfl  long  in  water,  or  buried  id  m 
earth,  matiy  kinds  of  glass  become  disinte^ated  alowly,  and  a 
ofl*  in  tlakcs  which  exhibit  iJie  brilliant  colours  of  Kcwton's  ril 
(no).  This  is  particulai'ly  the  case  with  the  coatbc  glass 
for  wine  bottles.  Taradiiy  fouuil  thtit  some  inferior  kinds 
bottle  glass  were  destroyed  rapidly  by  the  action  of  diluted  1 
pburic  acid. 

At  a  high  temperature  water  acta  ujion  glaM  rery  mpA 
pieces  of  plate  and  witxluw  glass  were  suKpcndcd  by  Tunitf; 
tile  eteam  of  a  high  prc^ure  boiler,  and  in  tlie  coiir»e  of 
moiitliK,  H|)ecinictit>  of  ptutc  glass  one  fifth  of  an  inch  thick 
completely  decomposed;  and  Faraday  found  that  flint  glass, 
similar  circuin.itauces,  was  still  more  rapidly  acted  upon. 

If  glass  bo  Buddeoly  cooled  after  fu&ion,  it  become*  extrei 
brittle.  When  druim  of  mi'ltcd  glnsa  are  allowed  to  &U  'una  waM 
they  solidify  in  pear-shaped  aia»scs,  nblcti  may  be  subjected  wj 
breaking  to  considerable  pressure,  if  gradually  applied  ;  but  if 
tail  of  one  of  these  drops,  known  as  HujmtIU  drups,  be  suddei 
nippc^l  uf)',  the  glaxs  (lien  to  pieces  with  a  kind  of  exploxioo, 
is  shattered  to  powder.  This  eflect  appear*  to  be  due  to  tlic  u 
equal  tt-n«iou  to  which  the  particles  composing  the  drop  are  su 
L'lcc/,  oiiitig  to  the  audduu  imo^au^  tit  >\v%  iiuv^  wx&cc  of 
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interior  is  ittill  dilnlcil :  a«  the  maw  cools,  tlic 
illiiu,  1)}'  (ulUeHidu  to  tlic  external  solid  (lortion,  iltb  still 
leir  diUtrd  state ;  bat  »  verj  iJight  (lUtarbnncc  of  their 
lition  HiiOicvn  lo  mcrcnme  tbcir  M]nilibnum,  and  vlicn 
nasa  giTcs  wuj  ut  tinjr  uuv  i>oiiit,  tlic  colic»iuii  of  tlic 
kstnjrod. 

1  i;^es  occur  if  glun  lurliclcs  ure  nllowcd  to  oool  sud- 
<^  them  «liilKt  red  hot  to  the  evtcrual  air.  0\»a» 
ins  diwcriptions,  if  thiHr  suifaocbc  bnt  scratched,  or 
roiiglit  Miiltlcniy  from  a  eold  room  into  a  warm  one,  will 
■M  and  fall  to  jiicocs.  Tu  ordt-r  to  prevent  thi>  mi&linp,  it  is 
lo  Nuhj«ct  the  iliflerent  articles,  after  tJicy  hare  receircd 
Jiied  shape  at  the  hands  of  the  workman,  to  the  operation 
uft.  which  is  A  very  slow  aud  griuliuil  {irocvM  of  cool- 
Kifh  the  parts  arc  cniiblcd  to  aunmc  tlicir  Datiinil  posi- 
^■ganl  to  each  other,  Kten  then,  since  g,\aM  dilate* 
^^foii  the  apjdieation  of  heat,  and  is  likcwiKc  a  bad  con- 
«ui)dcu  uu)  inc-HUtious  elevalioti  of  t^mi>erature,  xuch  ay 
notKd  hj  pouring  boiling  water  into  a  cohl  gla^,  o(tcu 
its  fracture.  Care  is  rcijnired  during  tlie  procea*  of 
,  copeciallv  with  the  coarser  kinds  of  glass,  not  to  raise 
raturv  too  high  ;  as  otherwise  ile^'itriGcatioii  to  a  grater 
tout  would)  be  liable  to  ensue. 

CiiAKACTEits  or  THK  Saltb  OP  SooiVM. — Wc  have  uu 
BCt  tests  fur  Uie  salts  of  this  metal,  ■*  it  forms 
any  insoluble  ernnpouuds.  Its  most  insoluble  salt  is 
tuj  ba«  termi-4i  the  bimctautinionintv  of  KOiiit  (706], 
defKHUt«d  in  trutspareut  octolicdra  when  a  solutitni  of 
'  bimrtan/imoHtale  of  pata$fi  is  additl  to  n  neutral 
iig  sodium,  provided  that  the  liquid  has  Iweu  pre- 
il  from  all  Imscs  except  the  alkalies :  j  part  of  sodium 
water  will  produce  a  precipitate  with  this  teat  after 
ours.  In  anaJyois,  a  milt  of  sodium  i^  coneluded  to 
hrn  the  absence  of  every  other  base  has  been  proved, 
lie  rrniilii''  r^'iTMitis,  which  with  bichlnridc  of  platinum 
•trtntt-d  jirimnalic  crystals  (NuCI,  PtClj  + A  Acj)  by 
evaporation.  Andrcim  {Chtta,  Ga:.,x.y})i)  has  imintcd 
'"  ''  --nit  which  admits  of  its  identiliration  in 
i'.ii*»;  a  drop  of  the  wlution  suspwtwl  tOj 
b  mixed  with  a  minute  quantity  of  8  bolutiou 
<  III,  and  nlliiwi'd  to  cva|>cuMtc  in  a  warm  pU 
rj'  il  l>'  I'l^iivd  in  the  lidd  of  the  mictrvsan; 
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and  examined  by  mc&ns  of  poIitrUcd  light,  minnte  ciystiiU  of  Ati 
double  cliloridu  of  sodium  nnd  |iltitinum  will  be  distiuguiahed  froior 
the  otbcr  salts  by  which  they  arc  nccompanicd,  by  tlieir  [wwcror 
traiiKmittiiig  the  [>oliiriiu;d  li);)il,  tinged  with  mriotis  colour*,  accotd*] 
ing  to  the  thickness  of  the  crystalfl.  Btfore  the  Mowpipe  the  mIhJ 
of  Ho<Uiim  urc  kitunu  by  tlie  iiiK^nfte  yellow  u-hieh  they  coromunhj 
catD  to  the  outer  flame,  if  a  frsKnoeiit  be  introduced  at  the 
of  th«  blue  coae  upon  a  loop  of  iiUliniini  vfire. 

The  salta  of  sodium  arc  in  general  more  soluble  tlian  tha 
potasiium  ;  the  sulphates  of  the  two  alkalies  afford  a  i<tri)iiu((;  JJT 
stance  of  this  difftrcucc :  the  Bodium  salts  also  often  effloresce  wl 
exposed  to  the  air,  whilst  those  of  potaiisiiini,  on  the  other 
frequently  deliquesce,  a  fact  well  exemplified  by  the  cart 
of  the  two  buses. 

$  III.  Ijitiiipm  (L=7).  Sp.  Gr.  0-5936. 

(505)  liiTniiiM,  the  metallic  ba&c  of  the  tliird  of  the  alka 
»  of  comparatively  recent  discovery,  and  derives  its  Dsmc 
XiOoc  (^  Htone),  ai  ii  haa  been  found  only  in  the  miticral 
dom:  it  is  but  rarely  met  with.     The  miueraU  of  most  fn 
occurrence  which  contain  lithia  are  the  three  uiider-tnentiol 
they  yield  this  alkali  in  proportion  rarjing  from  3  to  6  per  1 
of  their  weight : — 

liCpiHolitc,  or  lithin  laico    .    2  [(tK)  FI]+4  (Al,0^  3  SiOJ 
Triiihnnc,  or  K[igduntcaD     .    3  r(LNn)O.SiO,]+4  l.^'^t-S  SiO.) 
Pctiiltto 3t(LN")t>-»Sn>,]+4(Ai,0„fiStO,). 

Metallic  lithium  is  easily  reduced  from  its  chloride  by  nieam] 
of  an  eleetne  current  obtained  from  four  or  six  pairs  of  ibc  tubfej 
ttcid  battery.     Tlie  metal  is  of  a  white  colour,  and  is  fusible, 
3j6^.     It  is  harder  than  potassium,  but  softer  thsn  lead,  sud^ 
arits  of  being  welded  by  pressure  at  ordinary  temperatures;  it  j 
be  drawn  into  wire,  which,  however,  is  inferior  in  tenacity  to  1 
wire  of  the  aatue  dimensions.    Lithium  aiipears  to  be  the  Bg 
^L       Bolid  body  known;  it  floats  in  naphtha,  and  has  a  density  of  < 
^V       0'593'^-     ^^  i''l!^'  temperatiim  it  iH  rolatilc,  and  may  be  disti 
r  at  a  full  red  heat  in  a  current  of  hydrogen.     It  cannot,  he 

^H        be  obtjiincd  by  processten  aimilar  to  th<3*c  employed  for 
^^P       and  itodiuTO.     A  fragment  of  lithium  burns  upon  a  ptate  of  1 
^H        with  a  TVry  brilliant   white    light,   emitting  a  beat   anfl 
^B       inlcuse  to  melt  a  hole  in  the  mica  :  when  thrown   U)>on  wat 
^H       swims  and  bccoinea  oxidized,  iiko  sodium.     If  thrown  into 
^H^    acid  it  usually  tuke^  fiie. 
^^^^    (506)  Litlda  (LO=i5')««ad.uc»\<»>^V3  KA-««!bKn\,''ak  \l 
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by  mrefully  letigating  the  minrniU  Utat  conlftin  it, 
Ig  tho  Ciitv  imvAct  H'icli  tirice  its  wciglit  of  quicklinic 
ia  tTfjitn]  with  bydrodiluric  kci<l,  then  with  siiI|iUuric 
be  auliihiitc  of  lithia  is  (ii^soh-od  out  from  th«  sulphate 
the  tut  traces  of  lime  are  reiiiowi)  (nun  tlic  solution  of' 
r  Ittlita  by  oxniftta  of  amDioDia.  This  sulutioa  may  then 
A  of  8ul|ihurii!  acid,  aud  c«»vi<rt«(l  into  caustic  litliia  hy 
>a  of  bar)'U  water ;  the  wlutioo  od  craporatioa  yields 

lithia. 

(.■Ian.  de  CMtme,  IIT.  li.  103)  oonaiders  it  to  be  more 
ti»t<jmdt  10  (MutHof  powdered  lepidohtevrith  loorcar- 
■uyta,  5  of  sulphate  of  baryta,  and  3  of  sulphate  of  pota»]i. 

mwA  MparaliM  into  tno  portions,  a  heavy  tran^jiorent 
a  Miiwrniitant  white  slag;  this  white  miua  consists  of  a 

the  MdphateA  of  Iwurj-ta,  pottuh,  and  litliin,  ami  coutuiuH 
llic  lithia.     Tho  sulphatca  of  the  alkalies  arc  separated 
larytA   by  waxhiii);,  and   a  iwrtioa  of  the  aulphate  of.^ 
enioTvd  by  cry«talliiatioD.     The  romaiaing  sulphates  of 
I  lithia  niay  be  converted  into  cMoritIo  by  the  addition 

of  bariiint,  and  the  two  chloridos  separated  by  cvapora* 
Den  um]  digesting  then)  in  a  mixture  of  equal  part*  of 
I  ether,  irliich  dissolves  tho  chloride  of  lithium  only. 
«  of  lithia  fuses  ea>ily  bclov  rcilncM,  and  comxlca  plati> 
I  powerfully :  silrer  eapsulcs  should  therefore  always  bo 
paring  it.     This  aetion  upon  platinum  is  one  of  the  best 

of  the  presence  of  lithia.     It  appears  to  be  due  to  the 
if  KO   QUNtflble  ptroxide  of  lU/iium,  which  imparts  it« 
[dly  to  the  platinum. 
e  <i/  Lilhium  {LCI  ■{-  4  Aq  =  43*5+36)  crystalliwa  in 

it  tfl  one  of  the  inoet  deliquescent  salts  known.  If  its 
lutioii  bo  evaporated  at  a  high  tempiTntnrc,  it  loses  a 
ta  chlorine,  whilst  lithia  is  formed.  Chloride  of  lithium 
tie  in  aleuliol,  and  in  a  mixture  of  equal  jiarts  of  aleoliol 

■If  LUAia  (LO.SO,  +  Aq  =  J5  +  9}  crj-stalliics  in 
loh  are  very  soluble  in  water.  There  appears  to  bo 
l^if  lithia,  thougli  a  double  sulphate  of  potash  and 
H^ed,  consisting  of  IX>,SO^ -f- a  (KO,SO,). 
wrtjf  Lilliia  (3  LO,  POj  =  M<5}  ii»  one  of  the  most  charac- 
I  of  thin  alkali :  it  is  insoluble  in  water  containing  phos- 
a  olkalioa,  aud  in  alkaline  M)lutiooa,  hut  very  soluble  in 
verj-  dilute.  In  order  to  prepare  it,  the  inMiIublo 
the  eiu'tlia,  if  present,  xtt  first  prccipit&tcd,  \i^ 
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adding  mrboDatv  of  nodn  to  thv  solution,  evaporating  it  to  drYi 
and  treattDg  the  residue  iritli  boiliug  water:  phospbntc  ofi 
lh«n  u(]dcd,  and  the  whole  cvapomtvd  to  dnrtie»ft ;  tlie  residue  il] 
treated  witli  boitiiig  water,  which  rcniovea  the  excess  of  the  i 
of  ttxla,  Rud  leaves  the  phosphate  of  lithia.     Thto  suit  fitnee 
carbonate  of  aoda  to  a  glass  which  is  transparent  while  hot,  bntl 
becomes  opaque  on  cooliug.     Tlic  suit  snppoM.>()   by  Ilerzelii 
be  a  double  phosphate  uf  soda  and  lithia,  appears  to  hare 
mixture  and  not  a  definite  cotnpouud. 

Carbonate  of  Lithxa  (IjO,CO,=  i;)   i»  only  sparingly  solub 
wnler,  but  is  rather  more  soluble  in  a  solution  of  curboiiic  aeidf 
has  au   alkaline   reaction   upon   turmeric.     At  a  dull  red  hut  HI 
uieltv  into  a  white  enamel,  and  by  prolonged  ignition  loses  a  I 
portion  of  it^  rarhonic  ucid, 

CuAiucTEits  or  THE  SiLTB  OF  LtTRtuu. — Generally  Kp««ki]i^ 
the  itAv*  of  lithium   avii  rcmarkubly  fuMble  j  many  of  thcmi 
very  deliquescent.     They  have  a  burning  saline  taste,  and  are| 
tinguished  by  yielding  a  white  precipitate  of  carbonate  of  lit 
eold  concentrated  solutions  with  carfionalf  of  poteth,  \mt  the 
cipitatu  diMippcJirK  on  adding  water  and  i>ppl}'iiig  heat :  this 
tion  is  less  delicate  when  salt^  of  ammonium  arc  present.     Ol 
addition  of  pbonphnte  of  »oda  to  solutions  wliieh  are  nent 
alkaline,  the  phuaphate  of  lithia  is  formed ;  it  is  boIqWc  in  solutio 
of  salts  of  ammonia.     Btforr  tht  btoK^t'ipe  tliey  oommunieale  l| 
purplish  red  colour  to  the  llame,  wliieh  is  majiked  by  tlic  pre 
of  Foda  in  very  Htnnll  proportion;  and  when  heated  on  pli 
foil  they  corrode  il  rapidly. 


§  r\'.  Ammoxii'm,  H^N=i8  {Htfi>»thetical). 

(50;)  Action  of  Oxyacid  Artliydrides  on  Ammtmia. — Vfhen 
gaseous  ammonia  (H^N)  is  pi-esenteil  to  the  anhydrides  of 
oxyacidt,  iiut-h  as  sulphuric  (SO,),,  sulphurous  (SO^),,  or  earlw 
(CO,)j  anhydride,  the  gaH  enters  into  combination  with  the  anhf 
(Inde,  and  a  peculiar  compound  is  formed,  in  whicli  it  i!*  nuio 
taiucil  by  Laurent  and  <ierhardt  that  one  half  of  the  ami 
only  exists  in  the  form  of  an  ordiuaFy  ammoniacal  salt,  the  ' 
half  haviog  entered  into  cnnibtnation  with  llie  elements  of  the  anbf*'] 
dride,  to  I'onn  a  compound  termed  au  aiuidated  acid  (1047)  i 
product  obtained  diHers,  therefore,  in  many  imjtortant  particuL 
IVom  the  compound  which  would  be  obtained  by  neutralizing  witl 
ttmmoma  a  ^oltition  of  the  same  acid  in  water.  In  the  lat 
use  oac  of  the  ordiuary  '  sa\U  of  o.mvo.ou'A^   «» "i^  %k.  • 
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'-'   '        ! ;   iu  tlte  former  cnse  an  nmmontacal  salt  of  a 
<  i  w'oulil  be  the  rt-Hiilt ;  but  llic  jirfpiiration  of 
irnxUtiy)  o(nn|>oQ»da  is  difficult,   and   tli^ir  true  nature  is 
fBt  tbunini^Iily  tiKOcrtnini-d.* 

gmnral  pntportica  of  these  bodies  may  be  illuntnitcd  by 
ing  the  Mn'firal  ooiutnimtioiM  furmcd  between  the  sulphuric 
i.-i---  .,-,  tuiliydriilcs  and  dry  aminoiiiaeal  gas, 

'mrie  Ammomdt,  Sulphalammon  (H^N^SO^). — When 

It  of  dry  amraoniacal  gas  is  tratianiitted  over  sulphuric 

B,  placed  in  a  flask,  and  mBintaincd  at  a  low  temperature, 

:  care  to  leave  tbn  anhydride  somcvrhat   in   excess,  a  hard 

'  oiHa   is  produntl,  which  vhcn  exposed  to  the  air  aljsorfas 

Mid  t^dually  dehqueMea.     The  liquid  thus  obtained  is 

led  with  cartmnntv  of  barytn,  in  order  to  remove  the  rxoeas 

,  aiiil  is  then  erajmrated  ;  it  yioJiU  large  tmiuipareiit  crystals 

n  an  octohcdniu  with  a  square  base.     Thiit  compound 

rajtutphalammoH  of  Hose,  miA  consists,  according  to  this 

(I1,K,S0().     It   is  freely  soluble  in  water,  Init  inM>- 

alcohol.     Its  solution  has  a  hitter  taste,  and  givea  uo  pre- 

I  wilb  utlt*  of  buri-ta,  and  none  witli  bichloride  of  platinum. 

Iwulinff  irith  water,  or  with  a  solution  of  tartaric  acid,  it 

chan^tl  into    onliiiari'  sulphate  of  ammonia;   hut   if 

ith  a  free  alkali,  sulphate  of  ammonia  ia  speedily  produced, 

louia  i*  dipelled. 

ituiuODiacal  gas  in  esces*  be  made  to  net  npon  sulphuric 

t,  another  eomjiound,  isomeric  vitb  the  former,  termed 

samtHOH  by  Rose,  is  obtained.     It  docs  not  erystnllize,  and  is 

transformed  when  in  solution  into  sulphate  of  ammonia, 
third  coniponnil,  whieli  may  he  prociiVed  in  beautiful  trans- 
~^.  is  prepared   by  transmitting  the  vajtour  of  sul> 
I  Mile  into  amuioniaca]  gas  in  t'xn-M;  the  solid  com> 
bus  obtained  is  fused  in  «  earront  of  dry  amniouia,  and 
in  water.     The  crystals  obtained  on  evnpomtion,  nccord> 


^•viaponnili  of  smmoniA  with  tfav  snliydroaii  acid*  sr«  otUn 

T  of  nn  ttmiJfM.     Thn  amtdni  of  monohaiio  ari<ls  si*,  pro- 

.  lU*  if  iiiiirnotiium  which  ham  been  deprircd  of  3  atons  of 

:  .   .   Ilia  (H,S0.C,,U.0,1.  for  example,  whuo  (Icin-irod 

■I-"*  a  *Lilf'  fiiH'Me  ro)ali1i>  iio1ia.  known  m  6roe<t- 

^olciiamiJr  n-ov,\d  bi>  (R^N.SO.I  and  woald  eonuin 

'■  lliAii  i>iilp)iiiri^    amuioaid?.      Du    snunonidirs.  or 

-"'-   ntoin  of  WRt»r  li»i<  ifaan  thu  iftdinaiy  mIU  of 

timonU,  for  iiMtanfr.  nay  be   r«pnH«it#d   as 

,      -,i;.iiiiHo  ...... ...;.l~  ii    (H,N.»OJ.       Tbo  diflmnt 

i)iountla  o!)laiu(  I  mIU  of  anuaonla  bj  dchjdrnlioti 

ercJ  ninantnilthd  jir        .  _  _j  orgaolo  ohoiBiaKj  (104',  H  an).V 
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tug  to  Jftcquelun,  consist  of  3  II,N,  4SO,.  Altboogklli 
tioii  nf  thi»  comjiouHil  luis  an  ucid  KMtioo,  it  gifck  do  fa^ 
vith  aalta  of  ban-ta.  ' 

(509)  Sidpliit  Ammim  (HjN.SO,).— If  rtiy  auIplinWB 
gu  be  mixed  with  an  exoesa  of  perfectly  1)17  ftniinoiiiiia 
3  volnml^^  of  the  Mulphurous  sahyilndc  uul  4  of  ■nimiiiiisN 
aod  form  a  yellow,  amorphous,  volatile,  dcliriaesccut  caa^ 
which  when  diMolvcd  in  wntcr  undergone  grvlunl  (lcnani|nl 

If  tlie  8nl|ihurou&  anhydride  l>e  in  excess,  a  diflcrciit  con 
is  formi'd  (H^N,  2  SO,),  oorreipoudiag  iu  oompwution  tu  hia 
of  ammonia  from  which  2  atoms  of  water  hare  boea  kbitt 
H,N,2  SO,  +  4  H0=  (U.NO.HO,  3  SO,).  Il  i»  a  rwWUt^ 
crystalline,  volatile  sulntaacc,  IVeely  soluble  in  water;  4 
solution,  it  is  Kpeodily  deconipotcd  into  sulpbate  and  trifl 
of  ammonia;  3(H,N,  i  SOjj  +  a  HO=lIjNO,SO,+ II.NJ 
No  t>»ch  docutii position  occurs  when  the  ordiuAiy  liisuld 
wninonia  is  diMolved  in  water.  I 

Anhydrous  phosphoric  and  cartunic  acids  «lao  form  utnol 
wbieli  are  analogous  to  thoito  which  have  just  beeu  dcscribi 

(510)  Aelion  of  Anhffiirous  Hydradda  on  Auxuiomm 
ammoniacn]  %»»  likewise  unite*  with  facility  wiih  the  ul 
hydradda,  hnt  the  compounds  which  arc  produced  do  on 
spond  in  propciticft  to  the  ammouides,  but,  on  the  caittitg 
ordinary  salts  of  ammonia.  For  i-xumpli.-,  dry  hydrodM 
and  dry  amtuoaiacal  gaaea  nuito  with  avidity,  and  ft'lB 
compound  is  produced,  which  is  ordinary  nil  ammoniae] 
dissolvnl  in  wiitcr  it  (pvcd  wiib  solution  of  nitrate  ottH 
usnal  curdy  precipitate  indicative  of  chlorine,  and  with  t^H 

Slatinum  the  usual  yellow  double  salt  chanotehatio  of  d 
>  deposited.  I 

(jii)  Thtiory  of  Ammonium.. — The  ditfferencca  bctn 
eliaiBCtcra  of  tfau  coni|>ouniU  which  dry  ammixtia  foraa  ■ 
oxjacid  anhydrides,  ami  those  which  it  producra  with  tU 
droos  bydiacids  were  explained  by  Bemlius  witli  tlic  d 
bypothcaia  ori^nally  aiigge»ted  by  Amp^,  which  baa  head 
tlie  ammonium  theory,  by  the  adoption  of  which  !!■■ 
ammonia  admit  of  being  considerod  as  exhibiliag  a  cH 
ouulogous  to  that  which  exist*  ia  the  case  of  the  mctaUHel 

Acconliu|;    to   this  new,  the  crm      >    111 
spoken  of  as  »alta  of  ummuniu  vili.  .    . 

aiamonia  at  all,  hut  a  unnjxiuntl  in  wluch  tiie  •  •  dl 

of  water  have  been  atlilcd  tu  tboae  nf  .  ^| 

ct>jiKt|uciicc  of  the  UMimilatiuu  of  '.  .<^^ 
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h  lijH  ut)itcd  witli  titc  acid  mny  bo  rc^rded  as  an  micla 
like  oMe  uf  |>ouiwiuat  ut  oxiiii'.  o(  luitd,  but  which  L-on- 
oomponud  bodj-aromoniuni  (I],N),  in  the  place  of  a  metaL 
iu»  ammniiiu,  wUcD  it  unites  with  theoxyacid  aiihyilride!<, 
rcH'urc  [iroducc  ludics  very  ditTeroiit  from  those  obtained 
mbiuBtiuii  of  bydratcd  nnttnotiia  with  tl>«  Mtme  acids 
dratwJ,  Bs  may  lje  aeen,  for  iuslaiice,  by  comparing  the 
tof  the  oonii>ouud  with  eulphuric  acid  in  the  two  cases  :— 

iiwiitc  easy  to  we  why  by  the  cumbitiatioo  of  anhydrona 
with  a  Iiydracid  equally  free  from  water,  a  true  salt  of 

mi  should  be  formed  :  fur  luataiicc,  hydrochloric  acid  aud 
by  their  uuiou  j-ield  chloride  of  ammonium,  a  nail  which 
{■ru>cuu  the  cIoMst  nimlogy  with  the  metallic  chloridca ; 

the  oxyacids,  then,  ammonia  forms  two  classes  of  com- 
U>e  more  iuiportaut  clains  couHtitiite*  tlie  iturmul  «alts  of 
i  in  which  the  elancute  of  water  ate  ncoeasarUy  preseut ; 

oouMsta  uf  the  ammonidu  already  dcM;ril>ed, 
ibeorjr  of  ammonium  is  supposed  to  derive  con&idcntblo 
ID  the  following  remarkabto  experiment: — If  an  amal- 
ium  or  uf  solium  be  moietcned  iritb  a  concentrated 
if  rai  ninniouiac  tll,NC!j,  the  aniiilguni  iuimediiitely  begins 
ac  in  hulk,  aud  ultimately  swells  up  till  it  acquirca  S  or 
iu  urijpual  Atolumc,  and  it  at  the  jomiv  time  aiuiumc*  a 
uaislouce,   but  «till  prmcrves  ita  metallic   lustre.      This 
\  i£  exptnetl   to  a   temperature  of  o"  P.,  oyataUiaes  iu 
It   bef^iua  to  undergo  spontaneous  dccom|H)«ition  imme- 
rter  ita  production,  aud  the  name  rlTect  oceitra  t>(ill  more 
F  it  be   placed  Iu  water :  bydrogca  gas  ia  givco  off  in 
•ibbltB,   aud  ammonia  is  found  in   the  aolution.     It  U 
r  Mtppoaetl   that   tliis  remarkable  amalgam  consists  of  a 
uoo  of  II^N  (or  ammonium)  viih  mcrcoiy.     On  attempt- 
ifcl  I '  '  i'ury  by  heat,  howeverj  the  compound  is  dcoom- 

■•t>  .>'ury  u  sublimed,  and  a  mixture  of  hydrogen 

Doaiocal  gas  evolved ;  all  other  attempts  to  isolate  tbc 
iin   hate  beeu  cqiudly  nniiucccsaful.      Hie  proportion  of 
in   present  in   tito  amalgam,  uotwithstamling  the  great 
U  bulk   aud  iu  iirojicriica  experienced  by  tlie  mercury,  ia 
.......,,,  imcor()i„g  to  tSiiy-Lussac  and  Tbu- 

lb  of  the  wdghl  of  mercury. 
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(513)  Solution  of  Ammonia. — Tlic  prcparaUoa  of 

and  uf  ile  K()ticou»  solution  linvf  been  nlrcnil;  d 

>  nkttkMi  in  water  has  su  intcoscl;  alknline  roactioti, 

ngwd«i   a*  a  eolution  of  osid«  of  iimiiiotiinRi  (H, 

CB  heaud,  pure  aramoutacol  f^m  (HiN)  alone  ia  ex 

[Vf  pnHitg  the  gas  through  a  tube  filled  witli  iiiiicklimc 

water  which  it  carries  orcr  with   it  iit  suspCDsion, 

he  obtained   in   a  ittnte  of  purity.     The  Bolutioa 

.  oentralixed  by  acids  and  ci'aporatcd,  yields  sails  ( 

ium. 
(513!  SrLVPiDEa  or  Ahmonivm. — AiDmooinm  fbm 
[•alphnlc*  which  aio  frcrly  •oliihic  in  water.  The  pro 
(H,NS),if  itexistat  all,  cannot  be  procured  in  a  solid  fon 
(trcinml  id  :<o)uliun  by  diriding  a  qunolity  of  toluti 
iiilti  two  equal  portions,  throu;;!!  one  of  which  snl 
is  tranamittcd  a»  long  a*  it  ia  abnrbcd ;  Uio 
bqaid  is  then  added  to  the  second  portion  of  the  solutil 
TCT  poKsililc  thnt  tlie  two  solutionK  H,NS,IIS,  nnd 
ay  mnain  uncomhincd  instead  of  uniting  to  form  j  H, 
iTba  liquid  ditwolvea  omny  of  the  Midpliides  of  the  n 
Amisb  acids  vith  oxygen,  and  forms  double  sulpliidoa 
(443).  Many  of  thew  double  tiulphiOcM  roay  be  obtaioc 
tab;  this,  for  exmnplc,  is  the  ease  with  tlioae  wlitoh  « 
|ynls«ii1|ibtdo  of  antimony  and  of  arsenic,  and  the  tcra 
BwlyMrnum. 

HitvlpAitle  of  Amtnonhm  (H^NS^  may  Iw  obtaioe 

,>«,  tnnsiiarent,  rcry  deliquescent  crystals,  by  yaMU 

dry  ainntonia   through  n   n-d>hut   poroclain   tabe. 

l\ydnUcd  fonn  it  has  been  long  known  as  Book's 

LtBd  ts  preinn>d  by  cnteiniug  ^  {iart«  of  slaked  lime  witl 

Ipkac.  ami  distilling  3  intrta  of  tliis  mixture  with  -.:  of  *al 

1  part  of  suli»liar ;  a  yellow,  oily,  fcetid  )i()Uor  p 

f-Vklffk  bans  in  the  air,   and   on   cooling  d<=-p»*iti«  dt 

I,  iMBfllar   crystaU ;   acid*  droengagv   liydraaalpl 

iHt  and   cause  a  deposit  of  aulpbur.      Its  aq 

*<*  a  Urge  qiiiiiitity  uf   vuljihnr,   forming    a 

wliieh  crysioJlizcA  from  its  suluiiun  in  knig 

>uMubic  prismi. 

I'j'y^Mii^altf  nfSuffihide  «/ J 

Htfwnl  ntnummly  tu>o(l  as  a  m>^ 

min:  it  ts  formed  by  trausniiltit 


ition  of 
u  colt 


to 
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Dm  the  »ir,  tnd  Iwcome*  yellow  from  rormatioii  of  bUnl- 

'unnidtiiiini,  wliiUt  a  liy[iut)til|>lutc  of  atniuonia  U  [iroduccfl 

■      ll  1  (H.NS,nS)  +  0,=H,NS,+  H.N0,S,0,+  2  HO. 

|t>D  nf  tlii*  siiliitHTire  dtfimlrvs  the  tnlphitles  of  the  cloc- 

Ive  mctaU  as  readily  as  tlifi  protoatilpliidc  of  amriKitiiiim 

•ulpliarcttcil  liydrogiMi  is  lib«rratc(l  from  the  hy^lrosuU 

'  uwnple ;  3  (U.NS.HS)  +  A«S.  liwomc  3  H,NS,A*S.  + 

I]rflr(MuJ[ihat«  ofiiinmotiin  (H,NS,[IS)  may  l>c  ohtaincd 

bydroos  fonii,  by  mixing  dry  sulphuretted  hydrogen  with 

tintftCftl    gas;  4   volutoes   of  arnmonia   combiuc  with  4 

of  sulphuretted   hydrogen,    and    <tiiidcnsc    tn    yelhliriah, 

It,  hrilltant  pliilcs,  which  arc  very  volatile,  and  sabliine 

impo&itiott ;  they  are  very  mluble  in  water. 

tCiiuiRiDit  Of  Ammosivm  (IItN,CI=53-5);  Sp.  Gr. 
'mriulf  of  Ammonia,  (it  Hal  Atnmoniae  m*  it  iMComnMnly 
tlie  oKMt  important  of  the  salts  of  ammonium.  It  may 
directly  by  the  union  «f  hydrochloric  ncid  and  ammo- 
H  :  it  was  formerly  imported  from  Kgyjit  in  eonsidcrablo 
»|a  B  [iriiduet  of  the  ditttillation  of  dried  camcl'N  dung,  but 
pitry  it  is  now  fiirnished  almoat  entirely  from  ammoniacal 
wn«te  product  from  (he  coal-gas  work*.  Coal  contains 
*,of  uitro^en,  which,  during  the  process  of  diBtillatiou,  ia 
BDVertod  into  aoimonia;  this  combines  with  carbonic  acid 
«ulphur<.-ltcd  hydrogen  :  these  compomids  are  condensed 
Its  ga»  li<liK>r  from  which  the  ammonia  is  subsequently 
td*  Tbo  best  procen  for  preparing  sal  ammoniac  eonsteta 
1:^  the  gait  liquor  with  hydrochloric  acid.  For  this 
^^-  itquid  IB  pumped  up  from  the  tank  into  the  decern- 
^b^  woollen  TMt  closely  fitted  vith  a  corcr,  oonueelcd 
^Bfor  carrying  off  the  gaseuuh  products ;  the  acid  in  suit- 
^Bity  i*  placi-d  in  jair,  from  which  it  is  slowly  drawn  oBT 
^^L  and  is  tJius  allowed  to  mix  gradually  with  the  liquor; 
^■oT  gu  i*dix.-n<;a^Mt,  and  is  mnde  to  [lass  through  a  fire, 
^Bj^d roan Iph uric  arid  '\*  hunimt:  much  of  the  tarry  matter 
^^m  the  coal)  which  was  held  in  solution,  is  deposited 
^B  o|irralinn,  and  the  liquid  froths  up  4K)nitidcrably,  any 
^Knii);hl  Ix'  thus  occnsioiml  hcittf;  prcrcnted  by  the  use 
^Bltpr,  by  which  the  overflow  ia  carried  hack  into  the  well 
HP'  '      '  <[>iur  hiifi  thus  been  neutralized,  it  is  runinio 

^L     I  jian,  where  the  remaining  [Kirtions  of  nulphn- 

^bof^ii  Arc  expelled ;  after  fiirtbcr  concentration  it  is 
^M^aJiallow  wotHlru  vr-M-cln,  lini-d  with  lead,  to  mstal- 
^^^kU  tbus  procuR-d  are  drained,  and  the  mother Ai^uoT 
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is  again  coacentntted.  The  rough  oiTstati  are  next  h^ 
cn.Ht.iran  pan,  to  a  point  approach iitg  tliut  at  which  ml 
coiatuiMiceM;  a  good  deul  of  tarry  malt^^r,  irhidt  ihej 
retains,  ia  expelled  during  ihir  ronrtoug.  llie  ank  im  t| 
limi.'d  io  a  strong  cjrlimlrical  iron  pot,  fumibUcd  with  a| 
irou  cover  lined  with  fire-clay;  lUc  tire  unilcnmlh  u  j 
rei«cd,  and  the  salt  aublimnn  and  ia  dc|Kieia-d  iu  large  dud 
cakCB  on  the  inner  surface  of  the  eorcr.  I 

The  hiittom  vhidi  arc  coftdentied  during  Uie  diatU| 
bones  in  clo»cd  iron  cylinders,  in  the  procces  of  preporioj 
dinmiul,  iiTx;  highly  churgcd  with  an  impure  carbonate uf  I 
contaminated  with  volatile,  oily,  and  tarry  matters  dcrif 
the  ^tiou  of  heat  ui)OU  luiiniul  matter:  tbete  liquor*  J 
source  of  ammoniacal  Htlts  of  some  importance:  ford 
liquid,  after  l>eiiig  aubjoctcd  to  a  partial  purification,  waa  d 
kiioirii  as  tpiril  of  liarl'i-Mom,  because  a  cimilar  liqitur  1 
nolly  obtained  by  the  diatillation  of  horu  afaavings.  | 

Suhlimcd  muriate  of  ammonia  forms  scmi-tratispaicq 
6brous  masaea.  loo  parts  of  thet«lt  cootoiu  6]j-33of  hyi| 
ncid,  and  3178  of  ammonia.  It  i»  very  soluble  in  wl 
parts  of  which  at  60^  disaolte  36  parts,  and  at  the  boill 
88'9  parts  of  the  Mdt :  a  great  reduction  of  tetnpcnld 
vhikt  it  ia  u)»der)(oin|;  aolutioii,  and  it  is  hetioe  cmpla 
nommon  ingrodiCDt  in  fn-caing  mixtorea;  it  cryitaUad 
in  an  arborescent  form,  but  sometimes  iu  cubea  and  q 
Muriate  of  ammonia  has  a  sliai^,  acrid  taitto ;  it  ta  sligfctl 
io  alcohol.  VThen  hated,  it  loUdiiuea  much  below  nAma 
noAcTgoiag  fusion.  It  baa  a  strong  tcudoucy  to  fom  dd 
with  the  chlorides  more  electro-n^atire  than  ittclf.  1 
pounds  of  many  mctuls  which  form  TolatiJc  chlorides.  Mi 
areeniates  and  aracuitcs,  the  mtiimuniiite*,  and  tln^  -*"tr*i 
heutod  with  muriate  of  ammonia,  lose  Uio  areenic,  auttd 
tin  iu  the  form  of  chlorides  of  tlicae  metals ;  arul  iht  aaM 
iron,  sine,  and  aluniiua,  are  dccumjHMKHl  and  oooiplotcly  4 
when  ignited  witli  a  lai^  exceaa  of  muriate  of  ■■h^k'hI 
obwrvrd  that  all  the  basic  protoxide*  of  tbc  lbi —  ^". 
piotoxidea  of  iron,  cobiJt,  awl  maugaitcsc. — aiul  «  . 
^IjO,  audi  as  suboxiido  of  copper,  al*o  duoiimpoaii  HMfl 

inonia,  wlieu   hcat1.1l  witli   its  solution,  the   '^1 

placed  by  lh«  metallic  oxide,  ami  a  ft\M  ii^>  it^| 

formed,  whilst  not  unv  of  the  »<  i^M 

(515)  SuLHurt  ur  Ammoku    ..  -^M 

is  prepshftsd  in  Large  qaantity  hy  ui  ^^M 
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til-  oliUiiiiNt  in  11  pure  form  by  adding  mm- 
i  to  tlip  Quid  so  long  a*  any  eflTervesceiioc 
Jt  OfystAllizcft  ill  tliitt«n«f1  priiinu,  irbich  irc  iiK)inor(ilioiu 
e  of  siilpUate  of  potash  ;  it  is  sotohtc  in  tirice  it'*  weight 
klcr,  uiil  h.-u  a.  sliarp  iltwigrroHblti  taiiU ;  vlien  Imlci],  it 
mchtt,  and  uiiHi-rgoos  partial  decomposition,  tmlpbitfi 
IB  '  niHig  the  prodaetit.      It  form*  a  great  number 

ml'  I'plioiis  inih  the  cnrrespondiDg  oklts  of  potash, 

of  aitimocui  boM  lately  been  applied  to  munlitu  um)  other 
ir  tbc  purpoM!  of  prcvontiD^  them  from  burning  with  Same 
tb(!y  nhotild  a<tcid<ni tally  t:ike  fire  Tbc  fiiiiitbcd  goods 
i  into  a  solulion  cTODlainiiig  lo  per  cenL  of  tlio  crystal- 
am)  rlrinl  in  h  centrifugal  iniichinc,  or  liyiiro-r-xtraclor. 
rid  tuJpAalt!  may  be  farmed  irhicb  baa  tlw  formula 
,HO,  4  ^O,),  and  a  donAle  ml/tkate  of  toda  and  mmHtntia 
■O,  1  SO,  +4  A(i)  may  \k  readily  formed  by  mixing  solu- 
.he  twu  salts,  and  evajtorating    die   Uqiiiil  till  it  bcgiiui 


i)  NtTRATK  or  Ammoxia  (H.NO.NOiJsSo;  Sp.  Gr. 
Ilia  M  a  JKilt  of  Home  im|>ortaiice  to  tlic  diemi»t,  im  it 
him  "ilb  a  rcaily  soarcc  of  pure  protoxide  of  nitro^-u. 
twed  by  neutralising  nitric  add  with  a  solution  of  Aetwiui- 
el  Bnimoiiia :  on  cvaporntioii,  the  salt  cryatallixcs  in  long 
drmis  prtunis ;  by  mpid  evaporation  it  ia  obtained 
or  in  nn  amorphous  mMs.  It  has  a  bitter  acrid 
niuuhnt  dcliituoKent,  and  during  the  act  of  aolutioa 
rrjit  (Iqin-s^ioQ  of  tcmpcnitun.%  hence  it  i*  oflca  used  in 
ntixturca:  wlicu  beati*d  to  392°  it  melts,  and  at  480° 
complete  dcoo  in  position,  Ijcing  converted  into  prot- 
HI  and  «flti-r,  in  the  manner  already  dcscribi^l 
,NOj=2  N0-f4H0.  If  thrown  on  a  r«(l-hot  plate 
I,  auxl  in  i)t*per»ed  with  a  faint  bintdi  flame. 
•m^ATKiop  AuMoxiA. — TlK;rc  arc  several  compounds 
with  corltonie  acid.  The  most  important  of  the»c  ii 
■hatmte  (x  H,NO,3CO,=  il8),  tJie  common  carbonate 
f/jr  of  thu  nhopii.  It  M  iisuiilly  obtained  sm  a  semi- 
maM,  by  miiing  chalk  with  half  iu  weight  of 
at  muriate,  of  ammonia,  collecting  in  leadea  rcsseb  the 
net  whii'li  cfmen  oicr  on  applying  beat,  and  rMnblimiog 
ni  a  tempsraturc  oT  ationt  1  jo** ;  tbe  salt  is  rcorived 
IkxhIb,  it!  tJw  iutorior  of  which  it  is  dcitosited.  During 
«  a  Ur  '  'iiy  of  frrc  ammonia  escapes,  because  tbc 

tkrnu'  iiiKinin  cannot  exist  at  tlut  tempcniUUtt> 


noSTBATn  or  AMItOXU.j 
«f  Ac  smriate  of  anunoaia  may  bo 

.jlO<WX»J=5CaCl  +  aH,NO,3CO,  +  ] 

of  smmonia  has  a  aLron^  pUDgvnt 
aming  frcm  tlic  continual  lolaiiluj 
at  Drdinnrjr  temperature*:    3  i^JSi 
igBaBO,aCO,+  lI,N',CO^     0«itig  to  tfl 
^  mtl  tpeetlilj'  become*  coaled  tritli  n  nhit^. 
It  Iiu  &D  acrid  tasle  and  a  •: 
parts  of  the  Trfaldy  sublimnl  »alt  coi 
,  j;^^  of  carbonic  acid,  aiid    15-36   of 
.dTaturatcd  aud  npoacd  to  a  tempei 
ir.tna>)aireiil,octohcdr»i*itb  a  rhombic 
;jCf^-f  2 Aq).    According  10  the  rewarchcfl  of  It 
rauluiig  from  the  combination  of 
1  Jiftimt  pro|X)rtioiu)  of  bicarbonate  of 
:i^AmtHonia  (liO.M.NO,  2C0,=; 
koas  with   tlte  corrixpoudiiig  [lolii&h 
.  of  cold  water,  and  if  tbe  Boliition  bo 
»Ii«n  ci|Joscd  ti>  tbe  air  the  dry 
It  tnaj-  be  oblaincd  in  Urge  i: 
,  (tcrived  from  a  rbombic  octobcdrcm  [2  ( 
£43!^ '•.A^  kf  puiiring  boiling  water  upou  tlie 
,  mill  allowing  it  to  cool.     It  is 
during  tbe  decomposition  of  guano,  and  i 
rrguUrly  formed  crjMala, 
cof  ammonia  combines  witb  mauj  metallic 
■trulta. 
-j:[.n:«  or  AuuuNu,  correspoiuluif 
'.■.i::'\ ,  but  Uie  tn>\f  one  of  anjr  in 
vrkate  of  Mida,  o^illc  of  ammonium,  and 

j«i/MNaO,H,Nl),I10.1»Oj  +  8Aq-ij7 
Irr  mixing;  11  but  tulution  of  6  parts  of 
ition  of  t   port  of  muriate  of  am 
i|uuntity  of  water;    common  aalt 
.1.1-   p)iOB]ilial(*    c^-RlallixcB   in    Urge 
L  tiT  cfDomcciil  iu  a  drjr  air.     It  may 
■  "■nlitin  from  u  ■■■-     "  '  " 

:iiuuia  lia»  be 
1  the  salt  siiiilami  wbcn  Iv 
vide  of  ammonium'        ' 
-1  rcntain*,  ami  fi.  . 


'jmKONiXTBn  ftAvn.  IIS 

TbU  ult  is  flomctitiK-'s  employed  as  n  flux  for 

the    bloKiiijie,    as    the    glusa    diiuoive*    niaii^ 

forms  iTaruparviit  beads,  from  tbe  colour  of 

of  certain   metals,   ta    maajr  CBses,   can    be 

ualed  Saiis. — Auliydroua  amtuouia  enters  into 
manj  anhydrous  metallic  »&Jt«  in  a  manner 
to  Ihut  of  nut«r  of  cryntidlixation.  lu  ul!»er 
Ttuch  ustudltr  retain  water  of  crystalUxatJon  lose  it 
y  or  entirely  irlien  thny  combine  with  amniouia,  but 
f  c4(iiivulents  of  ammouiu  i»  not  influenced  by  the 
water  witb  nhiclt  tbe  salt  generally  unitee.  Chloride 
in,  of  ixippcr,  and  of  mlcinm,  anlplialc  of  copper  and 
e  of  silver  anil  of  co|Jt>er,  form  coiujKiunda  of  this 
sw,  Tbe  compositioD  of  some  of  tbcsc  salts  is 
r  subjoined  table  :~ 

leoriiitrer    .  A|tCI+aH,X.    .    .    ,  i7;-5 

ifide  of  wppmr  CuCI+-3U,N'.     ...  118 

urids  or ci>|)f wr  CuCl+a  HjN.QO    .    ■  iio'S       ■'£71 

ri.lx  of  ooppor  CiiCi-fH,N     ....  84          irj* 

a^  of  lin      .    .  SnCI+ H .X     ....  1 10 

iiIh  orcoltiuni  .  C«CI-T-4  UiN  .    .    .    .  iij'5 

IpUteofsilrur     .  AaO.SO,+  iH,N     .    .  190          j'jiS 

tpbala  of  copper  .  CiiO.SO,+a  H.N.HO  dj-j       1-790 

tratoofsllvor    .     .  AkO.N'o.+j  ll.M    .    .  loo 

urata of  oopiwr      .  C«0,SOt+j  iI,N    .    .  117-:;       1-874 

upiinds  whvn  expOMid  to  the  air  lose  a  portion  of  the 
^mt  bo  applied,  tbo  ammoiilA  is  often  entirely  expelled, 
'Of  (tmiaonialed  chloride  of  silver,  tin-  cumpuuml  uritp- 
id  by  Faraday  for  obtaiuiug  sramoiiiacal  gas  in  the 
[63).  The  chloride  of  silver  is  left  unaltered  when 
ci|>clli»l.  In  other  instances  tbe  elements  of 
LupoD  the  salt  and  deoompufc  it.  Animoniuted 
r,  CuCI,  3  lIjN,  when  heated,  first  loses  3  atoms 
ail  then  the  rraidue  (CnCl,  H,N)  undet^^oes  the 
ipo«iiioD  ;  6  (Cu(:i,HiN)=3  Cu,CI  +  3  H.NCl  +  a 
corresponding  compound  of  nickel  is  reduced  to 
when  heated. 
[  nntmiinia  also  combines  witL  many  metallic  salts, 
compouniU:  by  exposure  to  air  the  ammonia 
sine  form  &  colourtrw  .HDlntiou  witb  exceu  of 
loroolMlt  giv^  a  pink,  which  {Msses  into  green; 
of   nickel    nod   of  copper  give    a    violet  bliw 

Iff  AiamoHia  upon  Saitt  in  Soiutioa. — Krom  wVni 


Acnos  or  AUHONu  croN  ialtc  in  ■oLimoii 


•fandr  statod  it  u  evident  that  UDmonia 
'«du  Dot  rocrcl^  as  a  powerful  ha»e,  aa    in 
Vfloda  are  nude  to  act  upon  tlwm.    Tbo  mulla 
^  A*  atftiaa  of  amnioiiia  to  a  solution  of  a  niotallio  lalt 
MbOows;— 
1.  If  Ute  aDunonia  be  iniiufTirinit  in  qitsotit^  to  oeutnl 
(of  th«acid  oontaiucil  in  tliv  mvUtllic  salt,  a  aptftnjflj 
of  tlte  netal  nay  be  preci|iilatefl :  in  tltia  irajr  MibM 
tt  Mfpcr,  rabnitralc  of  lead,   or  snlMulphate  of  nltttnioa,  I 
fawd;  for  instance,  +  (CuO,  S0,)+3  H,X+ 7  HO=3( 
80^'+  .,CaO,SO,  +  4Aii). 

1.  If  tbeaminoaiabepreMntitiexccM.it  mny  combined 
«a  Ae  acid  of  tbe  lalt,  and  prxdace  with  it  a  Milublo  nil 
vhibt  a  prectpilate  of  tltc  metallic  otiilo  in  a  hydrau 
1 ;  as  when  iLltimiiia,  oxide  uf  chromium,  or  (ten 
tKraim  down  from  iu  Mills ; — for  example. 


J  (Ttfi,  3  80,)  +  6  H,N  +  9  HO =6  (H,N0,SO,)  +  3  FcjO, 

j.  Sosietimes  tbe  ammonia,  if  in  excem,  comUncf  ■! 
|iCBei(Mtat«il  nxide,  as  it   dora  with   peroxida  of  nraniii 
maHMd  «il&  eoluliou  of  itcruitrate  of  uranium : — 

l\0^NOt  +  aH,Ni-3HO=(II.NO,NOJ  +  (H.NO,j 

V  „  ^J%q^r  rascfl  a  double  siitt  of  nninioiita  and  llic 
"'  ~t  when  aininouin  in  mixcti  with  a  toliitiun 


flwphooc  acid  and  magnraia,  in  wbkb  caac  a  double  ^ 
■mpmia  awl  ammoiiin  !:>  forincl  and  dcpn<>ited  in  eryvtalai 
«V-J  il.NO.I'Oj=i  (n,NO.SO,)+(H,XO,a  Mg0.1 
KiactMW  comqKiuding  to  the  four  toodcs  of  adtan] 
'  ntnl  bv^itnithr  occur,  when  a  fixed  alkali,  such 
wilL  a  metallic  wit. 
A  wluhtr  compound  may  lie  formed,  into  tlio 
l^afvkick  bulk  tbo  metallic  oxide  and  the  ammonia  enter,  j 
Iha  scmI  w  as  to  form  n  species  of  double  subwlL 

hydrated  oxide  of  co|iper,  of  sine,  of  1 

,  mhmt  fire  from  acid,  arc  very  ii[»ringly  diaaolnd  1 

,  -it  fan  cauatio  ammonia,  but  s  mixture  of  chloride  1 

.  -M  tvcu  of  carbonate  of  ammonia,  with  t 

.  lk»M  wilboMt  diffleully.     The  '•—■■; ;.  li 

composition,  and  aimiUr  1  to 

I  tia  4fc«  table  fivru  in  the  preocding  [wgr.  aa 
•4  wuMMiiaml  gas  u|)oa  tbe  dr>-  -■'■-  -■<'  '*-- 
«l  thoB  sails  in  ammonia   t. 
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wii[u<)lj  if  cxpooed  to  tlie  air :  salts  of  irou,  mangjiieae,  and  ooligJt 

■  funibli  examples  of  Uiis  kiod. 

m        6.  But  it  occiuioiially  hapjiciu  that  tlie  elements  of  ammonia 

W  enter  into  tlte  compotution  of  tlii.-  salt  in  a  more  intimate  manner. 

'  V  hori  a  voltitiuii  of  corroaivc  Kublimulv  (DgCl)  ia  mixed  vitb  a 
lutioQ  of  )K>tash,  a  yellov  precipitate  of  oxide  of  mercury  in 
'  rmtv),  nndcliloriileofjiotiUiuuin  retnaitis  in»oliitioti ;  II^Cl+KO, 
iIO=  11^0  ■)- KCl  +  HO ;  but  the  case  is  otlicruisc  if  ainiDOiiia  Ijc 
.rMecI;  a  nbilc  precipitate  is  then  formed,  the  composition  of  uhicli 
i>  unchanged  bv  tlie  addition  of  aiiexce^sof  ammniiiii.  Kiinc  {_Pful. 
^laff.,  June,  183'i,  p.4v5)  ^'u**'*-'<l  thai  this  bodr  has  a  com  position 
■Mliit-U  may  be  represented  by  the  formula  of  HgOl.IlglljN.  Its 
funoation  may  be  cxplaiued  by  the  following  equation: — 

2  UgCl  + 1  Hj,N  =  (Hga.IlglljN)  +  H.NCI. 

From  tliis  result,  conjoined  witli  others  obtained  frum  an  cxami- 

tuition  of  other  ammouiacnldcriratives  from  eop|tKr,  pniladiuni,  and 

l^othcr  metals,  Kane  wa«  led  to  believe  that  ammonia  is  not  a  direct 

poiixiniid  of  hyctrogeu  with  nitrogen,  but  rather  a  cutnbinntion  of 

an  atom  of  amidogcn  witli  one  of  hyilrogen ;  so  that  lie  rrpresenta 

imonin  as  HAd  (Ad  standing  for  amidoj^en,  il,X) ;  the  atom  of 

in^u  being  liable  to  displacement  by  an  e<]uivalent  cither  of 

irr  or  of  certain  otlier  metal.*.     One  atom  of  such  an  amide 

Itncrcurj  (HgAd)  is,  according  to  Kane,  contained  in  wliiu:prc- 

jHtate,  iu  combination  with  I  atom  of  chloride  of  mercury. 

Later  exporimcuts,  bowever,  especially  Uioac  of  llofntann,  on 

fonnation  of  biLM.-9  by  Diditftihilion  (ix>m  ammonia,  have  nut 

igthciied  the  theory  proposed  by  Kane ;  they  liave  stiown  that 

I  only  does  l  atom  of  hydrogcu  admit  of  lieiiig  displaced  by  aome 

rdieot  sutMtance,  but  that  each  of  the  }  aloin)i  of  hydrogen 

,  smmouift  admits  of  being  tims  displaced  ;  nay  more,  that  budiet 

%j  br  obtained  which  are  derived  fmni  ammonium,  iu  which  all 

4  atom«  of  hydrogen  in  this  corajiound  have  been  diaplaci.'^l  by 

'  Vtbcr  equivalent  budicD.     llicae  iiivc!>tigatiu)M  potui  rather  to  tlte 

titat  white  precipitate  \s  a  body  corrcspnoding  iu  eompot>itiou 

to  chloride  of  niumoiiium  (HjN.C!)  but  iu  which  3  atoms  of  liydro- 

gi!ii  arc  displaced  by  2  atoiud  of  mercury  (ng.jll,N,('l).    We  sliall 

ir  to  these  iavestigalions  when  considering  the  properties  of 

?  organic  baics  (1027). 

Witbin  the  last  few  years  svt-cral  remarkable  bases  which  an; 
:  from  ammonia  have  been  formed,  but  into  the  composition  of 
ccrtiUH  mctaU  enter.    Although  these  comjiouuilsvonXavulW 
•lents  oTamntoaia,  aad  oftbooxidus  of  the  metals,  vet  \.\ic^  io 


CIIAIUCTBB8  OP  TRE   COMrOCMPS  OF  lUMnNim. 

not,  l)y  tncKUE  of  the  onHnnry  tctU,  give  suy  iinlicatioiiH  villiLTdfl 
ammonia  or  of  the  mctuls  which  cnu-r  into  their  coiiipii^ition. 

In  this  manner  sevcnil  series  of  corapouncts  bare  been  pmoiTeiJ 
some  of  wLich  ountniii  |iliitiiium,  utht.T»  ooiitiiiit  cultult,  ami  < 
palladium ;  in  moat  instances  they  form  crj'staUisable  andi 
cfaaractcriEcd  salts. 

Amouj^t  th«  comiiotnids  tlms  formed,  four  of  (Imwc  oil 
from  platinum  may  be  sflectcd  by  way  of  illurfration.     Thei 
of  tli«se  con(nin»  a  1)a»e  for  which  Oi-Hiardl  lia*  profKieed  the  : 
of  pialotamine,  Ptll^NO;  the  second,    he  has  tcrnutl  iti/tlaioi 
mint,  Vtli^'SjO-i  Mi;   the  third,  ptiilhiamine.  PtH,N().  +  a. 
and  the  fomth,  diplalinam'tne,  PtH,>>,Oj.       The  base  last 
tioiird  bii»  not  m  yet  beni  obtained  in  a  «cpar«tc  form. 

EaeJi  of  theae  bases  forms  with  hjdroeliloric  acid  a  ctj«(i1<| 
livable  suit,  (he  composition  of  wbich  is  represented  by  tlie 
rieal  fomiula  gircn  in  the  second  column  of  the  following  tRUt,j 
wliilst  the  third  column  shows  the  relation  of  the  eompouitd  tot 
diloride  of  jilatiuum  from  which  it   is   obtained ;  the  first 
^Dompounde  being  dcrivi-d  from  tbc  girotochloridc  of  platinum,' 
fast  two  Ik-itig  foi'iDf^d  fu)[ii  the  bichloride  of  platinum: — 


Chloride  of  plntnsamine  . 
Chloride  of  diplatosiimine 
Chloride  of  jilntiuamiijc  . 
Chloride  of  diplalinamine 


PtH,N  CI 


or  PtCl,   \\^ 

or  PtCl,aH,N 

PtH,NC'l.   or  PtCL,  HjN 

PtllXciJ  or  PtCCiU.N. 


PtH,N,CI 


(520)    CBAB-lfTCKS  or   THE    COMPOUNDS   OF  AmJIOXIUM- — 1 

salt*  of  ammonium  are  colotirles-t ;  they  are  all  decomposed 
lieat,  unless  the  acid  itself  be  eapnblc  of  Totatilination,  in  wl 
case  they  may  genei-ally  he  sublimed  without  change.  They 
distitvguitihed  from  tlic  salts  of  all  the  metals,  with  the  wccji 
of  the  alkaline  bases,  by  the  absence  of  luiy  precipitate  when  tlic 
Kolutioiis  ai'e  mised  with  a  solution  of  carbonate  of  potash  ori 
Boda. 

The  sa1t»  of  ammonium  may  be  rerogniecd  by  heating  tlietn 
the  solid  form  with  ifuicklime  or  with  caustic  polasit,  v>  hen  puug 
fumes  of  ammonia  are  extricated  :  if  their  Bulutions  be  boiled  witi 
either  potash  or  lime  a  similar  extncatiou  of  ammonia  ensue*,  i 
if  the  quantity  of  ammonia  be  too  small   to  be  detected  by 
smell,  a  rod  dip|>fd  Uiio hydrochloric  add  dilutc<l  with  an  equal  bull 
of  water,  produces  white  fumes  when  brought  into  the  TSj^ourj 
tlteae  fumcA  arc  due  to  the  production  of  sal  ammoniac,  which 
formed  hv  the  union  of  the  ga««ou6  ammonia  with  the  vapour  i 
the  ^^'(Irocliloric  acUl,  auA  is  ^f^'^^V^^'*'''^^  "'■''^  '^''  *^''*'  ^'""- 
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rtiTi»tir  test  of  frrp  ammonia  is  the  fonnation  of  the  hlark 
■  of  iiitrftgcn  in  a  Kolutinii  of  iodine  iu  iodide  of  potii»i>iiiin  ; 
itbe  pmjx>rtiou  nf  aramonia  Iw  very  minute  the  otil^  peroep* 
[ehiutgc   it   the   dirappL-aranoc  of  the   broira  colour  of  thf 

uurtliirr  TC17  chmctcristtc  iinil  ntrrmrl^  ddir-ato  test  of 
tnia  ami  of  it:*  fnltn  h  the  follntiiii}; : — Prepare  a  wlnliou  of 
Lve  Bublimatc  to  which  iodide  of  pgtaMium  is  added  until 
HVcipitate  of  iodide  of  mcrcur/  is  nearlj-  rcdissolved ;  then 
Riitu  ilip  clpar  litniid  a  sohition  of  cniistie  potash,  and  allow 
nmnnr  jierfixtly  dear  liy  Mitiiditig.  If  this  v)ltiti()ii  he  added 
BM  to  n  liquid  containing  a  trace  of  ammonia,  or  of  it»  «dt8, 
Itap  ■  bmvn  tinge,  or  funnshcs  a  hrown  prceipilnte,  ncrording 
HBinrtioD  of  ainmoma  is  lesi  or  more,  iodide  of  tctrhvdriirg- 
Euum,  or  ammoDium  in  whicti  4  atome  of  hydrogen  arc 
I  '  '  4  of  mercury  (Hg,N,I  +  a  HO)  being  formed  (Newiler). 
I  docs  not  occur  in  the  presence  of  sulphides  or 
Be*  of  the  iD4>ta])t  of  tlie  nlkalies. 

U^*lMphonta/ifMate  0/  Scda  a  kIso  a  very  dcli^'ate  te«t  for 
^^bce  of  n  salt  of  ammonium  in  K>hition.  The  mode  of 
pti^  and  applying  it  ta  deacritiei]  under  the  head  of  molyhdic 
k^:).  Another  still  more  delieate  test  of  the  pu-sencc  of 
leiinnnia  is  aifunlcd  by  the  use  of  a  liquid  eonoistiiig  of  » 
In  of  mjujU  parts  of  a  snturiitcd  solution  of  arscuious  aeid 
Um  iulittion  of  nitrate  of  silver  coutainiiig  10  grains  to  tlie 
|B|IBec»  of  ammonia  cause  the  forntnlion  of  the  yellow  aree- 
Wnl'cr  (Dr.  A.  Taylor).  Tlii«,  howerer,  though  a  Ken»itire 
I  a  chamctcristic  test,  since  a  trace  of  any  free  alkali  or 
be  earth  |iriKlucoft  a  similar  resnlt. 

bt)  Estimation  of  Ammonia. — The  most  accurate  merhod  of 
hkiti];  the  (]unutity  of  ammonin  in  any  aubslnncc,  if  the 
^^f  |>i>tn»h  has  been  ascertained,  consists  in  precipitating  it 
f  iiehtnriii''  of  plalinum,  obi*ening  all  the  precautious  mcn- 

\  -'        ikingof  the  use  of  this  tc*t  with  potash;  n  yellow 

L  "olt  falls,  consisting  of  PlClj.H^NCl :  it  containa, 

Bpari*,  7'^5  of  ammoni.'i.     This  salt  is  easily  distinguished 

Ifcr T'oudiug  compound  of  potassium,  hy  heating  it  to 

^  It  ca«e  metallic  platinum  alouc  remains  ;   whereas 

«aium  Kilt,  though  deeumjiosed  by  this  treatment,  leaves 
^_ltuni  tnitud  wilh  chloride  of  potassium,  which  may  he  dis- 
^Kt  of  the  rcaiduo. 

I         THb    fidliiwiug  method  of  determining  the   amount  of 
^_     Q  guanu  or  iu  crnile  aninioDiacal  salts  will  often  l>c  found 
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flf  the  matter  for  trikl 
two  guDces  of  water  Bfn 
tneaDsor  ft 
Itoir  (Ui  outiM 
tiuu  of  (jotaali 
gravity  1-35, 
duiccd ;   ftbonl 
mid   a  balf 
gi-atluBll;    da 
the  ank,  wli 
»  mcftBuie  of 
gnuiis  of  raJ 
(oue  buretto 
diluted  to  tJie 
qtiircd  for  Uta 
liuii  uf  soda 
QicLricid    [lurf 
If  tlic  tuixttif 
boikd,  tniJl;  of  lime  maj'  be  Mik 
A)  *ouii  oa  iilwut  no  oouoe 
S^Shi,  the  coulcuU  of  the  retort 
Milter  ounce  of  wntn-  b  introdm 
;  ft  cecoud  dictill&tioa  it  tben  |iroo 
flf  vftter  jiut  ftddod  hftx  paucd  orcr 
.^  » itkA  to  the  coutCDta  of  the  retort, . 
a  third  titiic  until  tliitt  additiofuU 
ant:  the  liquid  in  tliv  Uuk  u  tba 
faftsin;  the  nink  twice  rioitcd  out 
rater,  iimI  the  vrasluuft*  arc  added 
a  amr  U  be  ninitndixcd  iu  Uic  uenal  my 
-,ri  «Mion  of  soda ;  the  wda  folutiuii  hnn 
4^  mm  mason  of  it  exactly  Dcutraluea  an  cq 
bfid  orittiuu'ly  iutroduced  into  the  flaak. 
i^iad  Awn  tlte  flaNk  uow  mjuirca  6;  mcawi 
of  loo:  3j  neaaurca  of  the  add  vdl 
:i  qitimtitT  of  aiantonU 

,^..  v:.::     _  .  i    Ht   to  3J  ({TWOa  of  MOtlft. 

auaaUtjr  of  ftmnioitia  ma;    be  oalculalM 

auBt^       '  '"'  two  nlkalioi:— 

K,  I'.X. 

Thu".   i  : 


ilk    *,V"'-- 


■y  i)- 
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CHAPTEIV  XII. 

atovr  II. — UKTUjs  op  tbe  ackaline  KASTna. 
$  I.  JUhiuu  (Ba=68-j]. 

(523)  Bakivu  occurs  abundantly  tiiider  tlie  form  of  Hiiiplintc 
if  Inrytn,  und  \a  not  unfroqnciittT  found  as  carlianatc  of  baryta. 
)avy  first  procured  it  in  the  metallic  stute  by  making  mercury  the 
ilatinodc  uf  n  voltaic  battery  in  a  strong  solution  of  hydrate  of 
KiTta  ;  the  barium  vst*  thus  obtaint'd  a«  an  amalgnm,  from  which 
he  mercury  was  expelled  by  heating  it  strongly  in  a  green  glass 
ubc  filled  with  hydrogen ;  but  it  doe*  not  uppcor  to  have  Iwcn  thus 
libtinetl  in  a  state  of  purity.  When  procured  by  thr  voltaic  de- 
Xmpo^ition  of  it*  fa«d  anhydrous  ciiloridc,  it  in  of  a  pale  yellow 
udour ;  but  it  is  not  easily  obtained  in  distinct  beads.  Barium 
ccompopies  whkt  rapidly  at  ordinary  temperature*.      In  the  air  it 

quickly  tami&hed  by  absorbing  oxygen.      It  decoin{K)ses  glass 

•  red  heat. 
(534)  CoHporxns  or  TiARirM  wirn  Otyoks. — Baryta  forms 
wo  oxidcK,  a  protoxide.  BaO,  and  a  peroxide,  BaO,  1  the  firat  is 
be  only  one  which  forma  salta. 

Barj/la  (BaO  =  76'5) ;   Sp.  Gr.  5"4,';'5. — Anhydrous  baryta  may 

obtained  by  exposing  the  nitrate  to  a  red  heat  in  a  cmjihcious 
oredain  crucible ;  the  salt  decrepitates,  melts,  and  then  boils  up 
BdgiTaofraltirge<iu«fltity  of  oxygen  mixed  vitli  nitrogen,  le^iving 
IC  batiTta  as  a  grey,  porouB  mass,  which  absorbs  moisture  and  car- 
ODtc  acid  if  exposed  to  tbe  air.  If  mixed  with  one  eighth  of  its 
reight  of  water  it  slakes,  forming  a  hydrate,  with  extrieafion  of  great 
icat.      Baryta  may  be  fused  Ijcfoix-  the  osyhydrogcn  lilowpipc. 

The  i>n]phide  of  barium  may  he  employed  for  procuring  pure 
fttrate  of  baryta,  by  boiling  its  solution  witb  oxide  of  copper: 
Lr]BK<uipliiU!  of  baryta  and  diflulphide  of  copper,  both  of  whieh  are 
ittoluble,  aro  produced,  and  hydrate  of  baryta  is  dissolved ;  6  BaS 
fl*CuO  =  5  B»0+BnO,SjOj  +  4('u.,S:  the  hot  liquid  is  filtered. 
MderystaJsof  the  hydrate  (BaO,llO  +  H  Aq;  Bloxam)  arc  deposited 

the  solntioo  eoob.  Cryntalsof  hydrate  of  baryta  may  also  beob- 
hined  by  adding  tA  a  boiling  solution  of  caustic  soda,  of  sp.  gr.  f  la, 
ut  equivalent  quantity  of  nitrate  of  baryta  in  Kmall  ijnaiititicM  at  a 
4bcl  Tbe  hot  wlution  is  filtered  into  a  vessel  covered  from  the  air, 
Md  tlie  hydrate  is  dcpoutcd  as  the  liquid  cools.  The  crj«\i2\'b  axe 
■dnhli!  in  j  timet  their  weight  of  lioiling  water,  and  to  lO  o?  csi\ 
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wntcr ;  t!ic  liquid  has  ft  etroBgly  alkaline  reaction.  When  txponNl 
to  the  air  both  tlie  cr}-staJ»  uml  tlie  volution  at^orl)  carlwuic  tieii; 
by  lifiit  8  cqiiii-alcDts  of  water  arc  expelled  from  tie  cryetaU,  and 
a  monoiiy (irate  is  Icfi,  uf  Sp.  Gr.  4'.|v5  :  >*  Cum.'*  tit  a  heat  above 
ruduoss,  BOfl  retaioB  its  water  at  all  len]i>eralurC8.  Hydrate  of 
baiyta  is  sparingly  nolublc  iu  alcoliol. 

Peroxide  of  Barinm  (lJa()j=K4-5)  ia  formed  by  passing  oxygia 
over  anliydrotts  baryta  at  a  low  red  heat ;  or  by  mixing  pun 
Ijaryta  with  an  equal  wciglit  of  chlorate  of  jioIuhIi  mid  heating  to 
low  rcdiivsit;  in  the  latter  ciisc  iguitioQ  commences  at  unc  poin^ 
and  spreads  through  the  nioim  like  tinder;  6  JtaO  +  KO,CI0,s 
KCl+6BaOg:  thi;  chloride  of  potsssinm  may  be  diseoUinl  out 
by  water,  and  a  bulky,  white,  hydrated  peroxide  of  buiam 
(BaOj-f  (^  Aq),  insoluble  in  water,  remains.  By  strong  ignitioa 
the  peroxide  of  biirium  again  piirts  with  iti<  oxygen.  Buiuuiagault 
{Ann.  de  Chimie,  111.  xxxv.  5)  even  proposed  to  make  use  of  catistM 
l)aryla  na  a  mcanx  of  preparing  o^tygcu  on  a  lBi]gc  scale  by  alUr^ 
uately  passing  at nio» liberie  air  over  the  baryta,  raised  to  a  dull  ni 
heut,  and  tlien  expelling  the  absorbed  oxygen  by  intciiH;  ignition: 
the  presence  of  a  small  quantity  of  aqueous  vapour  greatly  assitti 
the  expulsion  of  the  oxygen,  but  the  process  cannot  be  «orie4 
witli  faeilily.  The  anbydrouit  peroxide  eombities  witli  water  wba 
moistened,  without  evolving  any  sensible  amotint  of  beat,  am 
erumbleH  down  to  n  while  powder:  it  im  u«rd  for  prociirihg  tba 
binoxidc  of  hydrogen.  Peroxide  of  barium  liceomcs  white  hot 
when  heated  over  a  spirit  lamp  in  a  rapid  eurrent  of  carbooie,  or 
of  sulphurous  acid  ;  small  white  dailies  burst  out  from  ita  sur&c^ 
whil.^t  carbonate  or  sulphutu  of  buryta  is  formed. 

(525)  Sdlpuidf.s  o?  Barm.'m. — Of  these  the  most  im)iflrtaat 
U  the  prolotulphide  (BaS=84-3).  The  preparation  of  this  sub- 
stance from  the  native  nulphate  of  buryta  preaenta  some  intetot 
to  the  chemist,  for  it  enables  him  to  obtain  with  case  the  »olubll 
»all»  uf  bun,tit  from  it>  iu^oIuble  sulphate.  In  onle.r  to  prcpan 
the  sulphide,  either  the  native  or  the  artificial  sulphate  is  reduc(4 
to  a  very  fine  powder,  and  intimately  mixed  with  an  equal  wcighl 
of  starch  or  flour  or  with  one-tenth  of  its  weight  of  powdere< 
eliurcoiti,  made  up  into  a  paste  with  oil,  and  introduced  iuto  I 
crucible  lined  with  cliarcool :  tiu!  cover  is  luted  on,  and  lli«  crudbli 
and  its  contents  arc  exposed  for  an  hour  to  an  inteuKc  heat.  Bj 
this  treatment  tlic  >ulph»tc  uf  Wrjta  in  deoxidized,  earlwuie  oxid< 
escaping,  whilst  sulphide  of  barium  remains:  B«0,S0,-^4C 
BaS-t- 4  CO.  When  the  moss  thus  obtained  in  treated  with  *uc< 
ces^ive  amall  ijiLantities  of  \»i\wj^  v&\x>t,  ^bi^  iN^\Jbiid(^  is  dccou 
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posed ;  the  first  portionn  of  the  solution  havfi  a  vpHow  colour, 
owing  to  the  fumiation  of  hvdroAuliiiiali;  of  thv  stil^hiile  of 
barium,  which  abetorhtt  onygcii  bhiI  becomes  partially  cou»ertcd 
ink)  bisulphide  of  bariutu,  whiUt  tlie  luter  wiubings  cont«n 
gnuitiaJlj*  incR-aftiugquantiticsof  hvdratc  of  baryta  ;  iBaS  +  iHO 
=  BaS,US+aaO,H0,  and  BaS,HS+0  =  BiiSJ  +  IIO  ;  but  if  the 
mass  be  tiratcd  with  a  sufficient  quantity  of  hniliiig  vatcr,  it  becomes 
entirely  dis»olred,  and  the  sulphide  is  deposited  oa  the  solution 
cools  in  colourless  tranaparcnt  crystals,  with  6  Aq.  When  treated 
with  hydrochloric,  or  any  other  acid,  the  sulphide  of  bnrium  is 
ilccoinpcncd,  and  the  eorrespouding  salt  of  baryta  iw  formed,  wliiUt 
•olphuretted  hydrogen  escapes;  thus  BjiS  +  IICl  =  BaCl  +  I!S. 

(536)  Chloride  of  Bakii'm  (BaCl  +  3 Aq  =  i04+  iS);  Sp. 
Gr.,  anAyilroiu,  3750,  cri/tt.,  3'664. — Ttiis  salt  is  obtained  hr  dis- 
tulving  the  sulphide  of  barium  or  the  carlmuate  of  hiiryta  in 
bydruchluric  aeid.  On  the  large  scale  it  may  be  procured  by 
fssing  together  1  part  of  crude  chloride  of  calcium  (the  residue  of 
tbc  prepsmition  of  carbonate  of  ammonia),  with  :  parts  of  pow- 
dtrcd  native  sulphate  of  baryta ;  chloride  of  barium  and  sulphate  of 
lime  arc  formed  ;  the  chloride  is  washed  out  rapidly  with  hot 
»ater,  and  purified  by  crystallisation.  Chloride  of  barium  crys- 
lalliacsin  flat  four-sided  tables,  containing  2  Aq,,  wbicli  may  be  es- 
)icJlcd  by  heat:  water  di»solres  iienrly  hiilf  its  weight  at  60°,  and 
thns  fourths  at  212°:  the  presence  of  hydrocliloricor  of  nitric  aeid 
iy  diminishes  its  solubility.    A  solution  of  this  salt  is  the  usual 

for  asoertaiuiog  the  presence  of  sulphuric  acid  in  .tohitions, 
w&ich  it  indicates  by  the  formation  of  a  white  precipitate  insolu- 
hte  in  nitric  acid.  If  anhydrotia  baryta  be  introduced  into  a  jar 
of  hydrochloric  acid  gas  it  becomes  incandescent;  chloride  of 
hiHuin  is  formed,  and  water  is  ooudenaed  wi  the  »ides  of  tbe 
Tcswl. 

Siucori.i.'OHiDe  op  Bauiom  (BaF,SiF,=  i4o)  is  procured  by 
silicoduorie  acid  to  a  salt  of  baryta ;  it  is  quickly  deposited 
microsoupic  crystal*,  which  are  insoluble  in  ;m  exei-Jis  of  the 
■dd.  tlw  salt  is  aiibydrous.  It  la  decomposed  by  ignition, 
vliich  converts  it  into  fluoride  of  barium.  The  eilicofluoridc  of 
Mnintium  is  soluble,  an<l  hence  hilicuDuoric  acid  may  be  employed 
(0  distinguish  baryta  from  strontia. 

(517)  Sot-riiiTF.  ocBauvt*  (B]»O,S0,=  ii6-5;   iv».  fii-. 4-59) 
i&  tiie  principal  native  mineral  of  baryta.    It  occurs  in  the  mountain 
l^mesUine  in  large  vciuK,  and  is  found  aeeompunying  the  orc^  of  lead 
■od  other  metals.     It  is  met  with  both  massive,  anA  CT^s.tQ\V\TX'.\ 
i*  loodifieationg  of  tlic  right  rhombic  pFism,     Tbc  lUkiuc  'WT'jXni 
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ia  derived  from  (iapic,  'botTy,'  m  Rllnfiion  to  the  high  ftpeci 
of  this  com|>ouhil,  wliich  is  about  4'6.     It  »  iDwlnhli'  in 
ntu)  in  all  the  acids  cxccftt  Ixriling  coDceiitrattrd  •iiljiUnn 
as  ilva  soltition  in   this  acid   cools,  rirstab  of  the  buI 
deposib-d.     Dl-  ScDarmout  has  found  that  whcu  the  rvcv 
cipitnted  t>ul[>lint^  in  li«Kt«<)  to  472^,  in  a  Hmled  tiihc  for 
with  dihitod  eulphuric  acid,  or  with  •  solution  of  bicai 
eoda,  ratcnwropic  ctyxtal*  of  the  same  form  u  those  of 
•nlphnti'  of  baryta  arc  deposited  n|ioii  tbc  sides  of  tbr 
ft  hriglit  red  livat  Utr  suljibuU^  fuM';*  into  a  nhite  ctuunel  -J 
boiling  the  powdered  eolpbat«  of  b«rTta  with  tho  eai 
nf|>otii«horof  soda,  or,  more  rnpiitly  bv  funingit  with  citbi 
nits,  tbc  artiticial  sut|kliatc  is  [lartially  convtTtcd  into  the 
It  may  be  ctiKily  formed  by  precipitating  a  Milt  of  banria 
•oluUe  sulphntv,  wlken  it  falls  at  a  heavy,  white  powder. 
■rill,  or  any  nitrate  be   present   in   the   solution,  the 
carries  down  with  it  a  portion  of  the  nitrate,  and  t)iia  can 
removed  by  lon^;  wuhinp;  nith  boiling  water.      Sulpha' 
ia  med  as  a  fftrmimetif  whilr  by  arlinta  iti  irntor  coIli..;  - 
also  eroploved  for  ndnlleratiDg  while  lend  ;  wbirn  ground  4 
bowDver,  it  become*  parttnlly  tranH[nrent,  and  impnin  tin 
of  tho  lead  pigment.  I 

NlTkATe  or  IlAarTA  {BnO.NOjDijO'j  j  8p.  Gr.  3-1^ 
talliicx  !d  anhydrous  odohcilrit,  wbcu  a  solution  of  the  mi 
of  baiyla  in  nitrie  lurid  i«  urii))<jrati-d.  It  is  iuKilublc  in  | 
and  requires  eight  or  ten  times  ita  weight  of  cold  water,  4 
boiling  water,  for  wliilioti.      Nitrie  acid  prcci]   '  I 

from  its  solution,  miless  very  dilute:  when  hr.. ;  j 

lat«B  •tnmgly,  aiid  aAerwanU  fwcs ;  ou  ignition,  th<*  wbfJ 
ictd  i»  expHled,  with  an  nppenmnce  of  ebullition  <MdH 
«»cape  of  oxygen  nnd  nitruf^uti,  uhiUt  |>urr  txiryla  rvn^H 

(338)  CaRboxatr  or  BaRTT.)  (naO,CO,=i^-j;  f^l 
$nt'.  •  t.r  mim-rut  <-alk-d  teilhrriU:  it  occurs,  both  HUM 
(-rj  i,  usually   iu  stx-sidcd  prisms  terniinatetl  by  1 

pynuoida.  It  v*  Hbondaiit  in  tlie  lead  Tcins  in  lbs  J 
¥.:  "  '  Mid  is  bIm)  found  in  Styriaand  in  Siberia.  109] 
til  itc  ix>tit:iiii  il'^t  of  carbonic  aoid,  aad  77*^  H 

It  tit  CKiiily  prepufL-^l  artilii-ially  by  prcei|>iiating  •  mU  aim 
111!        '     i  .to  of  one  nf  ill  '  <  ^  ^  it  then  fonttt  •  «yiil 

»;.  .ry  k)iannjily  n  pure  watrr,  and  f*^H 

water  charged  itiili  sidiuo  mutter:  an  nijii-  ^H 

a.-,!    '  iMbtr  fn-Hy.     If  ■-■■  H 

Stli'  iJF  of   BUlphBle   lA  \^^ 
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tml,  freshly  preHpitated  carbonate  of  bRtyta  w  con- 
■uljiliuto  ;   liiit  if  8iil]j)ii>t«  of  baryta  be  boiled  witli  a 
tr  of  one  of  tbc  alkalies,  carbonate  of  baryta  and  sulphate  of 
li  arr  pHxlun-d.     Igtiition  of  the  carbonate  docs  not  cxpeL< 
rbotiic  acid,  but  if  it  )>e  niixetl  nitb  cliarooal  and  intenseljr! 
it  is  partially  dMomposcd ;  pure  barjta  is  obtained,  and 
diMolTcd  out  irith  water.      If  mixe'l  Rttli  an  equal  weight; 
itv  (>f  liiuo,  carbonate  of  baryta  is  (IcconipcMcd  without' 
ulty  when  ignited  t»  a  earrent  of  Rtcain :  the  hydrate 
tUMy  be  disHolvul  out  of  the  mixture  by  water. 

inte  of  baryta  it  now  nianufiicturud  to  lomc  extent  as  a 

e  for  a  portion  of  the  alliali  in  the  making  of  pJato  and  6iDt 

T'  -  'ilicnte  of  harj'ta  fitnw  and  bcconip*  incoriwratoil  with 

jtus.      Tills  carbonate  is  prepared  from  the  sulphate, 

»  mlitcet)  to  the  form  of  siilpliide  by  ignition  with  carbo- 

matter :  the  snlphideis  then  dinsolved  in  water,  and  dccom- 

ly  ft  rtirrent  of  carbonic  acid  :   tin?  L-iiHmnatc  in  thu*  pne- 

iiic  wliitc  powder  (Richardson  and  Ilonalds's  traiisia* 

.lu-i-pa  Terhnological  Ckemiatry,  vol,  ii.  p.  450). 

S)  Chaiuctbrs  or  the  Silts  op  Bakium. — The  aalta  of 

w  colourh!!M.     The  carbonate  and  all  tbc  eoluhlv  Daltc  act 

fut  poisons,  aud  have  an  acri<l,  di<uij;reeable  taste.     Tho 

idote  when  l)ii;y  have  been  taken  internally,  is  the  Hulphate 

I  or  of  macnceia. 

of  barium  when  in  solution  arc  easily  recognised  hy  giving 

\hurir  acid  a  nliitc  precipitate  of  sulphate  of  baryta,  which 

lUe  ill  till'  Bci'iN.     Barium  is,  for  the  purposes  of  analysis, 

Cstiiuatt^d  in  the  fonn  of  Hulphalc;  100  parti  contain  63'66 

■nd  J4'J4  of  sulphuric  acid.    The  presence  of  the  citrate, 

•vda  or  ammonia,  prercntx  the  precipitation  of  sulphate  of 

iieutml  and  alkaline  solutiona;   but  these  salts  do  not 

ibp  Biilpbnte  of  baryta  after  it  has  once  been  deposited. 

iig  (he  Noliilioii  containing  (he  citrates  with  hydruchlonc 

Iphate  (if  liiiryla  i»  precipitated  in  the  usual  manner 


carhunale  a/ pottuh  w  of  fffta  n  white  precipitate  of  car- 
jf  liar^ta  i«  producni  in  solutions  which  cootain  barium. 
Jfthalr  Iff  ttmmenia  pve*  uo  precipitate  la  auch  »olutiona. 
/<■  (ff  »tiiiit  |;ives  a  white  prci^ipitnte,  which  M  soluble  in 
aitric  or  iiyilnHthhiricacid.  Salts  of  barium,  when  iniugjcd 
iii^.  tinge  it«  flame  nf  a  yellow  colour.  They  are  dis- 
ills  of  ntroiitinin  by  furmin);  an  insoluble 
1  wbt:n  luixt'd  witli  Milicj/fttoric  iicid,  and  \k 
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Tiolding  no  immediate  preciiittkte  wiUi  oxalic  add,  but  t)i| 
lure  oa  stuidbg  deposit)  talU  of  acicular  cryatols  of  onj 
baryta.  j 

§  II.  Stbonticm  (Sr=43"8)j  Sp.  Gr.  1-54. 

(530)  Stkokticm  ia  an  element  much  k-^a  abuiidaotlTl 
than  barium,  wliich  it  dosvly  mviubivs  in  ]jroi>crUc*.  It  I 
both  tut  ntrbotiate  aixl  a»  milpliate,  aiid  is  procured  in  tlie  I 
stAtc  iu  the  same  vray  as  barium,  to  which  it  twnn  a  rfJaiioil| 
to  ttiiit  existing  helweei)  (lots&siiim  and  todiuui.  Stroiiln 
malleable  metal  of  a  pale  Tcllow  rolour.  ^V)lCll  bcaial 
air,  it  huniH  with  a  crimwu  tlnme,  emittiug  sparks.  M 
decomposed  \>y  it  wttli  evolution  of  bydrogon  :  diluted  mi 
itinaohea  it,  but  the  ooiioentratcd  acid  ia  tUoiost  wiihoat 
c%-cn  when  boiled  upon  it.  | 

Stroktia  (SrO=,^2  :  Sp.  Gr.  4'6i  1)  nu\j  \te  ubtaitml  i 
nitrate  by  ignition.  When  mixe<l  with  water  it  sinker,  am 
B  crysUlliuc  hydrate  (SK>,HO+ 8  Aq;  Bloxam) ;  ihami 
require  50  times  their  weight  of  cuM  Hitd  2  of  boiliu;;  in 
Kolutiou ;  8  equivalents  of  water  arc  expelled  by  hciit,  titejl 
ing  equivalent  being  fixed  at  all  tcmperatitrea ;  at «  full  red  I 
latter  hydrate  tunc*,  fumisliiiij;  a  mass  of  sp.  t^,  ^63%  -.  I 
hydrate  and  its  solution  a1>^o^h  carbonic  acid  nipidly  fman 
No  peroxide  of  stroutium  can  be  Ebrmed.  1 

CiiLoKiUE  OP  SriwxTum  (SrCl4-6Aq  =  79-3  +  54:  S/uQ 
drotis,  2-9(5,  crgst.,  i  -603)  crjstnllijea  in  slightly  deJiqueucot  j 
which  require  less  tJian  their  weight  of  cold  wator  for  at 
alcohol  dissolves  it,  and  the  wilutiou  bumn  witli  a  criimca 
Chloride  of  strontium  is  rcudercd  anhydrous  bjr  a  modeni 
if  heated  atrongly  it  fiisea.  I 

Silicojlmridc  <ff  Strontium  (SrP,SiFj=i]5)  U  [dcJ 
adding  Hilicofiuoric  scid  to  a  salt  of  strontin;  it  i>  ■ 
soluble  in  water,  tlius  furnishing  a  cltaractcr  which  distn 
the  oomjioutids  of  strontium  from  those  of  barium.      ^1 

SiiLFHATK  or  Stkontia  (SrO,SO,=93;  Pp-Gr.^^k 
crj-Hliillixi^]  in  rltombic  prisms  isomorpbous  with  tlioa^^^ 
of  barj-ta;  it  is,  however,  easily  diuiuguuthnl  from  it  ^j^ 
density.    Many  apecinicus  of  this  uiioernl  '  <l<'lia^M|l 

whene'e  it   derives  its    miiicmlugit-ul  iiiu>  ''^'nlH 

ooutains  ayi>t«ls  of  native  sulphur.     Sulphate  of 
spftrin^ly  soluble  in  water,  but  is  taken  up  l<  :^J 

acid,  and  is  soluble  tu  some  vxtt-ut  in  a  »>.  1  .'^| 
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It  miij-  be  formed  by  misiag  a  solution  of  anj*  su1[)]inte 
.  Milution  of  n  t«li  of  Htruntiutn. 

riure  or  Strontia  (SrO,NO|=io6;  Sp.  Gr.  3704)  crys* 

fnidi  liot  coituvnt rated   xolutions  in  anitydrou*   octoliodrn, 

I  arc  soluble  iu  j  jMrts  of  cold  water  niid  balf  their  weight  of 

nter ;  iiy  cTysUtllixing  it  at  •  low  tcm)>craturc  it  may  bo 

mI  tu  cSIureKcnt  crj'fttalti  with  5  Aq.     If  tlroiigly  hented,  it 

^totoi,  luid  tlicii  loses  anil  and  leaves  pure  atruutia.     It  is 

the  luakent  of  fireirork*  to  girc  a  itplciidid  crimsoit  colour 

flatties,  aui]  Is  |)rcj>ared  for  tlicm  by  rcduciug  the  native 

to  kuljibidc  by  heating  it  with  oharco^l,  disHolvitig  the 

iti  water,  and  decomiwAiug  it  with  diluted  nitric  add.     It 

lbe>  l>C3t  from  ui  acid  solution.      A  luixturc  of  40  [nrt»  of 

ofatrunlia  wilh  from  5  to   10  of  chlorate  of  {lolaah,  13  of 

r.  and  4oft«iil{iltide  of  antimony,  deflagrates  wilh  a  ningiiiti- 

colour  ;  the  roixturc  ia  dungeroui*  both  to  prepare  and  to 

hAiiii){  more  than   once  been  the  occasion  of  frightful 

feU  U>  the  manufacturers  from  ita  becoming  ignited  spon* 

Ay.      Nitrate  of  otrontia  is  insoluble  in  alcohol. 

iXATB  or  Stkostia  (SrO,CO,=74;    Sp.  Gr.  yO^),  the 

tilt  of  niinemlogists,  occurs  both  mowiive  and  crystal  I  ixcd, 

ftrnutian   in  Ar^tcHhirc,  and   hence   the   imnie  '»truntia* 

ttio  tsirth  which  it  contains.     Merc  ignition  i»  iusufBcicnt 

ctu-bonic  acid   from   thin  »a1t.     It  i»  scarcely  Miluble  in 

liiit  is  ()iii*olved  by  a  solution  of  carlunic  acid.     The  pro- 

,  jrrqmritig  it  eonvints  in  precipitating  a  salt  of  Htronlia  by 

of  oue  of  the  alkalies. 


f\  CaABACTKEs  or  TUB  Salts  OF  Stkoxtivu. — The  salla  of 

ritli  colourb^JKt  ikcidn  arc  alt  cnlourless :  they  have  n  bitter 

B,  but  arc  not  poisonouH.     Tlicy  luv  diwtinguislted  6tfore 

by  the  red   colour  which  thoy  communicate  to  tlie 

JBcKgeots  prodnce  upon   them    the   siimc  effbcta  oi  upon 

|l»nam,  excepting  that  neither  ailicofiuorie  acid  nor  the 

<tf  sotta  yteUb  any  precipitate  in  the  solutions  of  the 

itioni.      Oxalic  arid  givea  an   immediate  turbidity  in 

coiniwands  of  strontium  arc  distitiguisheil  from  tboic 

hy  Ujc   gradual   formation    of  a   white  precipitate  on 

a;"'  adilition  of  a  solution  of  nulphult  kJ  iime.     Tlic 

oi  m   is    UKcd  for  determining  the  amount  of  thlk 

bual/Ma ;  It  ooutaiiu  in  ico  parts  56-^3  of  atroutia. 
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$  in.  Calcidm  (C8=3o).    Sp>  Gr.  1-578. 

(553)  Calcu'h  formx  one  of  Um>  mmt  nliandaiit  and  important 
cnniilitnenta  of  the  cniwt  of  the  globe.  It  is  the  inetallic  ho-iis  uf 
lime,  and  dcriros  its  Dnmr  from  ra£r,  lime.  Culcinra  occim  id 
nntiirc  in  ooml>iiiatioii  witli  fiiiorine,  forming  the  different  ixHriics 
of  fluor-spar ;  it  is  still  more  abundant  in  the  various  forms  of 
cnrhouftle  of  lime,  in  which  it  h  united  with  oxygen  and  cnrbobic 
acid  ;  and  it  is  also  met  with  in  large  quantitifs  as  gjpeum,  whick 
is  a  hyilrated  Niilphatc  of  lime. 

Calcium  was  obtained  by  Matthicsscn  (Q.  J.  Chem.  Soc.,  vUi.  j8) 
hy  the  electrolytic  decomposition  of  a  mixture  conni^trinf  of 
equivateuts  of  chloride  of  calrium  and  i  equivalent  of  chloride 
titrontinm.  The  ninns  may  be  fnocd  in  a  Hminn  crucible,  iu  thg 
centre  of  which  ia  placed  a  porous  titlw  filled  with  the  wmfl 
mixture,  and  into  this  an  iron  wire  parsed  throu{;h  the  stem  of  a 
tobacco  [ii|>e  Ik  inserted  :  this  wire  is  connected  with  the  pluttrtoto 
of  the  battery,  the  zincodc  of  which  consists  of  a  plate  of  sheet 
iron  bent  into  a  cylindrical  form,  and  immerwed  iu  the  mdle 
mass  exterior  to  the  poroua  tube :  the  calcium  is  reduced, 
preserved  from  oxidniion  by  ko  regtihting  the  heat  that  a  film 
solidified  salt  shall  form  upon  the  surface  of  the  mixture  iu  du 
jtorotu  cell.  Lies  Bodart  obtains  it  titill  more  easily  by  (xaia 
iodide  of  calcium  with  an  equivalent  quantity  of  sodium. 

Calcium   i?   a   light   yellowish   metal,  of  the   colour  of  goli 
alloyed  with  stiver;   in  hardness  it  is  intermediate   between  Im 
and  gold ;  it  is  very  muUcahle,  and  can  readily  be  hammered  iitt« 
leaves  tliiniier  than  \viitiu({  paper.      It  melta  at  a  red  heuf.     Al 
ordinary  temperatures  it  tarnishe*  within  a  day  or  two,  even  il 
dry  iiir,  and    in    tho    presence   of  moisture  it   in   slowly  oxidtwA 
V'hcii  heated  to  redness  on  platinum  foil,  it  burns  with  a  briiliaiit 
scintillating  white  light.     It  rcAdily  nmalgnmntes  with  mercuiy; 
when  heated   in   chlorine,  or  in  the  vapour  of  bromine,  iodine,  (tf 
sulphur,   the   combustion   i«  accon)|)aTiie<l   by  an  extremely   no 
light.    Water  is  rapidly  decomposed  by  calcium,  lime  being  forma 
am)  hydrogen  evolved.     Coneentrated  nitric  acid  doe«  not  attad 
the  metal  until   heated  to  the   boiling  point,  though  it   is  rapid! 
di»olved  by  the  diluted  acid.     Matthiessen  found  that  the  chloridi 
of  calcium  is  not   dceompDsi-d   by  heating   it   with  potaunum  a 
sodium ;  and  be  concludes  that   the   properties  fbnnerly  a^si^i 
to  calcium  were  really  due  to  a  mixture  of  potassium  with  aluminui 
and  filicon. 

(533)  -LiUE  (,CaO=2S)  i  Sp.  Gr.  ^- A-— ^i^iSavwa.  Wtoa  onl; 
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one  oxide — viz.,  lime,  wlucb  Itus  been  known  from  time  im- 
mvDiorial.  It  ia  ohtainLtl  in  a  »lale  of  purily  by  tit-utiiig  pure 
cariMjnatc  of  litott  (54))  to  full  redness;  this  carbonate  occurs 
Tcry  oesrly  puro  eitlier  in  blaclt  or  in  Carrara  marble,  wbicli  if 
bunit  fur  iiu  hour  or  two  in  au  open  fire — or,  butter  still,  in  a 
crucilile  vritU  a  hole  at  tlie  bottom — yields  lime  rery  nearly  frci: 
from  foreign  matters.  For  comnicrciol  purposes,  common  lime- 
stoue,  wliieli  is  an  impure  oarljuuiit*^  of  lime,  is  burned  in  u  kiln, 
the  cavity  of  which  b  usually  cgjf-shapod.  Over  the  fire-grate  an 
arcli  in  formed  with  lumps  of  lim<-«tunc,  and  thv  kiln  is  filled  up 
vicb  smaller  fragments,  the  lire  is  then  kindled  below,  and  kept 
np  ooutiauoiuly  for  three  days  and  nights ;  tlic  kiln  is  then 
aUowed  to  cool,  the  lime  h  removed,  and  a  freab  charge  introtluncd. 
A  brtter  methwl  is  that  kuuwu  as  the  continuous  process.  The 
^ila  in  thin  case  a  iu  the  form  of  an  inverted  Lrnncated  coike :  it 
k  cbarfrcd  with  alternate  layers  of  noal  and  limestone,  aud  the 
ite  w  kindled.  The  lime,  us  it  is  burucil,  griidually  sitik«  down, 
md  ie  removed  by  opoaiugs  at  the  base  of  the  furnace,  ami  a 
fn^  supply  of  coal  ami  lime-stuiic  is  supplied  at  the  top  of  the 
kin.  The  limestone  should  uot  be  too  dry;  thnt  Mhich  lias 
been  quarried  recently  aiiswi;rs  b^'at.  Iu  Ouiup  veathcr,  too,  the 
ppemtioti  succeeds  belter  than  in  a  dry  state  of  the  atmofpbere; 
I,  the  process  is  facilitated  by  injqcting  steam  into  the  kiln, 
Ugh  in  practice  tlte  adt-autage  which  is  gained  does  not  com- 
for  the  increased  cipcusc  and  trouble.  In  the  presence  of 
vapour  ou  interchange  bclwt^^n  the  steam  ami  the  carbonic 
•dd  of  the  limestone  appears  to  be  ofiectcd,  and  hydrate  of  lime 
i>  forniod  i  but  the  hydrate  which  i^i  produced  i»  quickly  destroyed 
■g&iu. 

Pure  lime,  or  yHtcklinie,  is  a  vbitc  cau»tic  powder  which 
RUita  eveu  tlie  heal  of  the  oxyliydrogen  flame,  and  emits  an 
^jalensc  white  light  when  thus  ignited,  ns  is  commonly  seen  iu  its 
tiuu  to  iii£  Drummoud  light.  The  extreme  ini'uhibility  of 
boa  led  Dcville  to  employ  it  as  a  material  for  lining  crucibles 
«b>cb  are  to  be  exposed  to  very  tut«nne  heat. 

Hydrale  0/ lime,  Slaked  LiuK  (CaO,UO=37) ;  Sp.  Gr.  1078. 
— When  wat«r  is  poured  U|K)n  lime,  it  .iwell*  up  and  enters  into 
DoiBbiuatiou  with  the  water;  if  the  proportion  of  water  be  not 
bo  great,  a  light  dry  powder  !•  formed,  attended  with  a  powerful 
ttliiolion  of  heat :  &o  great  is  the  heat  thus  developed  tliat  6rca 
Wc  several  liniea  becu  Lracvd  to  this  source  The  hydrate  which 
it  Eurmed  i»  a  definite  coui^wutid  of  j  atom  of  wUitci  w'a\\  i  «t 
Em.     hiaic,  wbea  espatvd  to  the  air,  slowly  attracts  VwVAi  "(ta-tftt 
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and  CTirlMnic  acid ;  as  n  nsult  of  thi«  icHod  it  Mb  to 
becomes  »Iint  is  tprnu-d  air  »lakrd ;  in  thi8  cji*«  a 
gnuliuiUy  fDrurd,  irliich  is   by  Bonit!  clicmista  n^ardrd 
liiDation  of  nn  ntom   uf  nrbouate  witli  otiv  of  hji 
(CnO.COj-fCaO.HO). 

Licne  is  solul>Ic  in  ulmut  700  parU  of  cold  water;! 
tion  is  kitown  as  lime  water ;  the  earth,  bowercr,  U  1 
'  hot  tlian  in  cold  water,  »o  thnt  if  lime  wnlcr  saturated 
bo  rained  to  the  boiling  jioint,  half  tl»c  lime  ia  dcpoai' 
is  much  mort  soluble  io  syru)>  than  it  is  lit  water,  the 
tfaiK  ('.tiM'  alno  hecomeH  turbid  when  lieatcd,  hut  rlcars 
cools.  Lime  water  is  much  employed  ns  a  test  for  tli 
of  carbouic  acid,  which  imlaiitly  reoders  it  turbid :  it 
tiiictly  alkaline  reaction,  and  au  acrid  taste  *.  by  em 
vacuo,  Gay  Lumiic  obtained  from  it  the  prolohyd 
ri'r!>lnlli7^-<l  in  bcxaltedral  plates.  Hydrate  of  lime  ia 
liy  a  red  heat,  and  pure  lime  reinains. 

Miilt  0/  IJme  i*  merely  hydrate  of  lime  dilTuiicd  thmi 
I  in  slaking  limo  for  its  preparation,  nud  indeed,  gener 
Imiall  quantities  of  the  hydrate  are  required  in  a  fine  sti 
division,  it  is  best  to  use  boiling  water  in  quautitr  tu 
,  to  twic<^  the  weight  of  the  lime;  the  {loindcr  may  afU 
lily  difl'nscd  through  cold  water. 
(5_J4)  Mitrlars  and  Ctmenlt. — The  great  consumptii 
in  tbe  artn  i:*  for  llie  pnr|>OK:  of  making  luortan 
Pure  lime,  when  made  into  a  pnt>tc  «it)i  water,  forma  a 
plaxtic  mtMs,  which  »cts  into  a  solid  as  it  drie»,  but  it 
craeks  anit  fallit  to  piece*.  It  docs  not  pcis»c««  BuiRcini 
to  be  uM-d  atone  aa  a  mortar ;  to  reroetly  tliis  defect  mnd 
the  shriiiknge  of  tlie  mium,  the  luldition  of  eaitd  ia  fbi 
nrccMory.  Ordinary  mortar  ia  prepnnil  (>y  miiin|*  1  ' 
into  a  thill  iwstc  with  water,  and  adding  3  or  4  parta  of 
of  tolcmble  fineness:  tW  materials  are  Ihea  tliorougbl 
rated,  and  |«i>»fd  through  a  sieve  to  separate  lumpa  of  i 
biinicd  lime  :  a  suitable  quantity  of  water  is  anerwar 
iuln  it.  and  it  is  tben  applied  in  n  thin  layer  in  tbe  aurfi 
»tonr>i  and  bricks  wbicli  are  to  be  nnitj'd.  The  bridw 
an)  moistened  with  water  before  applyinR  tlie  mortar,  in 
tlii7  may  not  ebsorlt  IImj  w  '  .  " 
complrlrncss  of  tlic  subsni  ^.  .  jt t 

maiitiy  ujiou  the  Iburuugb  ioteraiUture  oftliir  lime  aod 

t:    ■.-;■■■■  ■ 
itmiu    . 


UOKTABS    AND    CR»rXTS. 


431 


ibdorh*  pnrl>oriic  acid  from  the  air;  but  tliis  change  i»  never  «om- 
pictc,  for  the  r^titral  portioiix,  nftvr  a  lapse  of  niAiiy  a^es,  arc  atill 
Ibuni]  to  contsin  free  lime  in  aljiindiiiicc :  mortar  taken  hf  Dr.  Mai* 
Dolmaoii  from  the  Oreat  Pyramiil  na^  Kti!!  foiuiil  to  ocnitaiii  a  large 
proportion  of  hydrate  of  time.  A  Rradual  combiBation  also  tikes 
jilace  bettrem  the  lime  and  the  silica  of  the  itand ;  each  gniiii  of 
uxid  (liu%  )>ccome8  superficially  converted  into  a  bydratcd  silicate 
tif  linif,  fomiing  a  coniponiid  which  hy  Jegrres  ttC(|iiiKyi  con- 
■iilerable  hardiiess,  and  contribute!)  greatly  to  the  solidilication  of 
the  mortar.  All  old  mortar,  when  treatf-il  with  an  ncid,  yidil.t  n 
mall  proportion  of  gelatinous  silica.  A  mixture  of  caihonate 
of  time  with  the  lime  appears  to  sot  harder  than  pure  llino  only  ; 
to  that  for  many  purposes  lime  which  has  been  slaked  by  expoauro 
to  llie  air,  and  contains  a  considerable  proportion  of  carbonate,  is 
]uWerrH  to  that  slaked  rapidly  by  water. 

Limestones  vary  greatly  in  composition  ;  being  rocks  of  sedi- 
mentary origin,  they  are  not  pnri-  chemical  compnuiids,  but  consist 
a  mixture  of  ?ariouB  bodies,  in  which  carlmnate  of  Umo  is  the 
iling  ingreilicnt.  The  different  varii-tje*  of  limestone  are  dis- 
liahed  according  to  the  nature  of  the  most  important  of  these 
istiircs.  Thus  a  limestone  is  dcscnbcci  as  magnenian,  argilla- 
I,  ferruginous,  Mimly,  or  bituminous,  according  as  it  ia  charac- 
by  the  presence  of  earbouatc  of  magnesia,  clay,  oxide  of  iron, 
or  bituminous  matter.  These  different  limestones,  when 
f  Wocd,  yield  lime  of  very  different  characters,  which  are  particn- 
Uriy  manifcjiled  by  tlie  action  of  water  upon  them.  The  purer 
the  linie,  the  more  quickly  does  it  combine  with  water  when  mixed 
■ith  it,  Sitch  pure  limes  arc  twhniwdly  termed  rich  or  fat  limes ; 
•Iteu  tJie  amount  of  impuriliea  present  docs  not  exceed  lo  per 
(rot.  they  slake  rapidly,  during  which  operution  they  swell  wp 
awl  greatly  increa*«  in  hulk ;  ihcy  become  extremely  hot,  and 
jidil  a  soft,  line,  dense  paste:  while  those  which  contain  much 
Kifpicsia,  «ilica,  or  alumina,  *lake  slowly,  emit  but  little  beat,  and 
.  UK  lechnieally  termed  poor. 
1  In  slaking  for  mortar,  a  fine  smooth  paste  is  required :  in  order 
llB«ecure  this  point,  the  slaking  should  be  effected  quickly,  with 
■  irixKit  J  parts  of  water  to  i  part  of  lime ;  the  mass,  if  composed 
<a  fat  lime,  then  swell*  to  between  3  and  4  times  its  former 
■ft  :  if  too  little  water  be  used,  a  crysulliiie  graimlar  hydrate  i« 
Wnud. 

The   temperature  required  for  burning   lime  vario  with    the 

faposition  of  the  limestone.     'WJu'ii  a  siliccoiw  Ume»tone»\i\w"i\t, 

tW  slin  cambiae»  with  the  lime  if  the  teaipcraturc  \»e  \oo  Va^ 
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!  b«  tea  nAlenljr  raised,  and  a  coatiii|$  of  silkate  for 
bee  of  tfa  auus,  vliicli  boconict  purtuiily  vitrified. 
\tm  wttj  uDperfecUy,  and  is  siii<l  to  Iw  dead  bvml. 

be  toixcd  with  a  small  ijiututity  of  suljiluOc  oi 

\.\»v^^arai\i  a  dull  red  beat  m  aa  attno*{ilMrc  contain 

■afoMoft  of  eulphurou*  acid,  it  act]uirc«  tlie  proiierty 

bsK  Bka   ttiWGO  nben   aiised  with  cold  water,  liut 

W  oanl  it  aUkcs  like  common  lime.      Lime  *o 

tjj;3;  UjidntUic  MvrtaTM. — Ordiuaiy  mortar,  ulim 
grwluallj-  sofleiti'd  and  diviiilifgrat«il, 
towJiril  KKS}-.  It  caunot  tberefore  bo 
nuMUwetJutoa.  Some  poor  Unca,  however,  wbi 
15  to  j5  pear  oent.  of  findjr  divided  kilica  or  cUjr 
■r  wkiek  pomiiui  tbe  valunhlf  pro|>crty  nf  liaHi 
what  are  tcrocd  hydratiiic  limes.  Tkeae 
W  aftaBoialljr  tmiutcd  by  miiiug  witb  tl>o  lime  a  doc 
Li(  6^r  BBl  too  strongly  bunit.  At  Pumtioli,  near 
lolaaie  material,  wliicli  has  rtrcLnvcd  llic  (iau>c 
tmid.  This  substance,  wheu  powdered  u>d  1 
Hidtaqr  Vam,  oouiV'r*  iipou  it  the  property  of  yielding  1 
r^i^Milil  Mortv,  wliioli  waa  cujiloyu)  by  the  llomau 
of  tbdr  bttiUitigs,  iu  which  it  is  still  in  perfect  prcscmt 
I  aoaalird  the  nva^  of  time  more  piTfcctly  than  ihc  br 
n  9am  Mol  to  eetncnt.  It  is  found  that  a  puaimlin 
[cM^  alta^ed  by  sulphuric  acid  i*  more  cficetive  llian 
Uairts  lie  actioo  uf  tlic  acid.  Tbc  oompurative  value  of 
^■B  iiMjr  also  he  RWgtily  oud  mpidly  rttimatt^l  by  toki 
iKMW*  of  lime  water  ojid  agitotiug  it  witli  * uoccmivc 
igaof  ttw4y  powdcm)  puixuolnnn  until  the  alkaline 
hntftt;  the  ponuoUiia  ootubincs  with  tlie  limo,  aitd  1 
friiaft  ikw  ««tcr.  The  ninaller  the  it»antity  of  the  poada 
u|^  mot*  active  are  its  hydraulic  ))owers.  PuuhoIm 
KhM^  ufsticatc*  of  xlumina,  Itnie,  uud  lioda. 
I  MMt;  other  subsUiDCOs,  wheu  added  to  lime,  oouli 
■ta^H^  ^prrtics  tu  a  greater  or  less  extent. 
■^■B  •  sightly,  and  a  mixture  of  bydtau-  uf  <- 
^pa^itil  ahiviua  or  iiiaj^ncMA  shows  it  iu  a  rouiarlu 
^^^^lAl  i4  uviD.  s"d  oii'le  of  inauKnurve,  arc  datit 
^^^^  f^vrnt  a  knowledge  of  th(»c  facts  it  i*  m*}- 
I  ■  uoe  possessed  of  hyrlraulir  |it< 

^^^  *-iiiiM;  wheu  it  is  lir."-'vt  ....1.  1.. 

it  Kt  fjce,  D[ 
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jbe  nutemls  are  in  tliis  way  reduced  to  a  condition  suitable 
pr  use  iw  n  liydraulic  ocmvut ;  but  grvut  caix:  is  required  in 
ll^tilatiug  the  tempGrature.  If  it  be  allowed  to  rise  too  high, 
partial  vitriticiitioii  occunt,  which  tmpnint  the  tt-ndcucy  of  the 
Bnaeut  to  combiuc  wiib  water ;  while,  on  the  other  hand,  if  the  heat 
n  insufRcicnt,  the  alumina  is  itot  liberated  from  it»  combinatioa 
kth  the  aiUca.  The  immcdiaie  cause  of  the  nuliililication  uf  thc«c 
udraulic  limes  appvare  to  he  ihc  foiniatioa  of  a  liydratcd  com* 
lound  of  lime  with  the  silica  and  alumina,  whidi  is  very  luinl,  and 
luolublc  in  water. 

I  'riu^  manufacture  of  artificial  hydraulic  lime  wa«  finl  established 
BpOD  aound  priucipleti  by  Vicat.  He  pruceictls  thus  iu  its  prei>aratioii: 
t-Four  ]Mrt«  of  dialk  are  ground  and  leiigated  in  water  witli  i  part 
p  day,  so  as  to  obtain  a  rcry  intimate  mixture  of  tlio  materials, 
phich  ar«  allowed  to  aubside,  moulded  into  block*,  dried,  and  cal- 
lucd  at  a  carefully  regulated  temperature.  Portland  Cement  i»  a 
lifdnulic  mortar »iniilur  to  theaborc.  It  ia  nuulv  from  clny  obtained 
kwu  the  valley  of  tbe  Medway,  and  from  chalk  found  in  the  lame 
peiglibourhood  :  it  derive;!  ita  name  from  the  circumatauec  that  in 
■Hlour,  when  dry,  it  resembles  Portlaud  stouc.  It  is  prepared  by 
[titorouglily  griudiug  tlMiday  and  chulk  with  walerr,  allowing  tbcm  to 
Hobaiilc,  tbendr}'i»g  and  banung  the  mixture  until  it  umlcrgocs  slight 
Nitrification;  the  inaM  it  again  ground,  and  when  mixed  with  a 
■Hiper  [iro[K)rtion  of  water,  it  forms  a  ccmeiit  wbicb  jiomscksus  great 
■Wneaa  and  teftcity;  it  expands  a»  it  noliditic».  If  iu  preparing 
^Hccmctit  the  lUnc  be  firtit  burned  and  then  mixed  with  clay  and 
BAanicd,  it  doc«  out  require  more  than  a  full  red  beat  to  produce 
kgooil  cement. 

I  [lydraulic  Umca  do  not  slake  with  any  considerable  emission  oi 
flat  when  moistened ;  they  absorb  the  water  without  increasing 
BMeb  in  bulk,  and  fonn  a  p.t.ilG  of  small  plasticity.  Iu  order  that 
Hidnalic  lime  may  harden  properly,  it  must  not  be  submerged  till 
nl  b^ina  to  act ;  it  sboidd  then  be  kept  moist  nutil  it  is  quite  hard, 
lotlierwisc  it  always  remains  porous. 

I  The  rat>idity  with  which  tbeae  different  kinds  of  hydraulic 
Ubc9  set,  varies  couniderably  with  tlioir  composition.  If  the  clay 
Hb  not  exceed  to  or  I3  per  cent,  of  the  weight  of  the  original 
^MCBtoitc,  the  mortar  requires  wveral  weeks  to  harden.  If  the 
I  dby  amount  to  from  15  to  25  per  cent,  it  sets  in  two  or  throe  daya, 
I  ad  if  from  35  to  35  per  cent,  of  clay  be  present,  the  solidiBcatiou 
I  HntrB  in  a  few  hours.  The  substance  to  which  the  term  /toman 
I  uucmt  is  now  applied,  i«  a  linu-  of  litis  latter  descnpUou.  'VUimun 
I  HBsDtis  cxteaairdx  prepared  (rota  jiodulcsof  »cptar'ia  vi^ic\vqc«>w 

E t » 


tXnCSTRUL  ArPLICATtOM*   or   UM*. 


nSky  of  Uu:  Thames.     It  wts  in  a  Tew  hnan 
wUh  water  has  been  eBedoil,  and  it  «ocni  riisll 
Acranling  to   Me,rcr,  tlii;  (?oni|Kt<)ilic)n  of 
in  tho  prejnratioa  of  tlie  ocmcoi  u  tlw  foUov 


Ualbrr  mIuUc  in  loid 


iMokbtp  in  acid  (CUf) 
13-305 


1C«rtioiiM«o(tiiiio     .    . 
(t          tfoa     .    .     _  ^ 
Aloinuia orj 

Stlics  ... 
Alnnina  •  . 
OoieoTinn  . 

Lime . 

Uattneaik    .....      o : 


Tbc  rcincat  obtsinc*)  front    the  nriglibotirliood  of  Bo 
*lino*t  ideDticoI  in  composition  vritli  tlie  tongmng ; 
mttteml»  hiir  tm-n  ohtaiiiMl  in  other  countric»j 
At  hei»  of  tlie  Jurauic  formation. 

OMcrrte  i»  ft  mixture  of  hjrdraulic  mortw  with 
a»r»c]y  bmlcen. 

(5j6)  Other  Vtes  of  lAmt. — Lime  \»  nifo  lar^ly 
a  mwturv,  and  it  1^  pHiiirularijr  vdnahle  upon  verr  rich 
foibt  suck  mx  tIio<«  formed  over  p<rat  bogs:  ita   eQituI 
CMM  are  |KU-tiallT  ditc  to  tlic  (Iccompoeition  of  tiic  orgsniJ 
vhicb  it  nnclnv  ootublc  and  capahlc  of  asHmiUtioQ,  wbil 
it>rtr i»  conTerltil  into  carlionstc.     Ithasbe(>n  (bunii  that  \ 
f>Mtainins  mncli  cxrlwuatc  of   niagn»ia  yields  a  lime 
^nculttiral  purpcwcs :  this  haa  been  atlribuleil   to   tlia 
absorlui  carbonic  »cid  mncU  more  dowlr  than 
I  eamtic  for  a  longer  ]>eriod,  in  which  ttatc  it  aj-f 
to  the  tender  shoots  of  tlte  joiing  plnnta. 
1W  Mrciuf;  altiuilT  of  time  for  car1>oiiic  acid  rent: 
^St  Balerial  for  M'lwrnting  tliis  add  from  llic  carlwu 

when  llH-m>  alknlioa  arc  required  in  a  canatai: 
MBKOkMi  for  ¥t»trr  furnishes  a  mcnnit  of  rrmOTinic  'bnl 
MiWtBiKve.,  snob  M  nloobo),  which  rciaiii  it  with  1 
Okc  (lucly  pouderetl  liinciamixei)  with  the  alt 
^lwM  *IWr  W\of:  idlowrd  to  stand  For  a  frw  dai 
«f«*«t>mi,  i>  Mitijrctcd  to  dirtillntion  :   the  atiMt 
.tvntig  tlic  wfticr  riMidjiiii-d  with  thi- 
:«■  1  diru^^t    rhemirnl  nf^t  in  ■' 
>    mvana  of  tooMrnin);  the  t; 
I  '>f  ibo  luiir  from  hide*,  a«  «  {if. 


i^f  a  foTtDi  ma  inKdublo  oomjioaai 
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wtich  i^  precipitated  in  CTystalliiie  Mcales  wlieii  the  binoxide  ia 
poureil  iiiCu  lime  watiT:  it  is  very  unstable,  and  undergoes  spoa- 
taa«oiis  decotajxysilinn  at  the  t«mpcriiliiri>  of  ttie  air.  Tliia  aub* 
nance  has  been  described  as  binoride  of  calcinm. 

(j37)  Sri.riiiDK!)  op  Calcitu. — Calcium  forms  sercral  com- 
poonds  witb  uilphur,  al)  of  vbicb  are  soluble.  An  insoluble 
OiTsulpbide  is  products)  diinug  t)>e  pn^parntion  of  black  nsl)  (491), 
uid  to  cousist  of  3  CaO,CsS,  but  its  exact  compositioti  is  doubtful. 
The  prolomtphitk  0/  ealdtim  (05=36)  is  procured  by  de- 
composing a  mixture  of  sulphate  of  lime  and  charcoal  by  heat,  as 
directed  for  Mitphidc  of  biiriuin.  It  is  very  qmringly  soluble  in 
water,  and  ia  pitosphorcscent  when  oewly  prepared.  This  property 
»»*  first  observed  by  Canton,  in  an  impure  sulphide  of  cidciuin, 
whieb  he  obtained  by  calcining  oyster  shells  in  an  open  fire  for  half 
sn  hour,  then  selecting  the  (vbitCHt  and  Inrge^rt  portions,  and  packing 
them  with  one  third  of  their  weight  of  flowers  of  sulphur  in  a 
cnicible  with  a  luted  cover ;  this  was  heated  strongly  for  an  hour : 
when  cold,  the  crucible  was  broken,  and  the  whitest  piecen  were 
placed  in  wcll-closcd  bottk-s. 

By  boiling  ftlaked  lime  with  excess  of  sulphur,  a  pfnlamlphidf. 
tf  ealeimm  is  obtained,  and  hyposulphite  of  lime  is  formed  at  the 
HDc  time  -.  3  CaO  +  1 2  S  =  a  CaS.  +  CaO,S,0,. 

(538)  Phosphidb  or  CALcira  (CajP?=7i). — This  compound 
ts  some  interest,  from  iu  affonling  the    most  convenient 
of  the   phosphides  of  hydrogen  (376),     It  is  prepared  by 
Hing  pbosphorua  over  lime  heated  to  low  rcdncus :  a  mixture 
imphide  of  calcium    and  phospliatc  of   lime  i.t  the  result, 
i4CaO  =  2(2CaO.PO,)+5CajV  (P.  Tficnard).      The  mo«t 
emvenient  method  of  conducting  the  operation 
i«  eliown  in   fig.  318.      In  the  lower  part  of 
a  narrow  deep  crucible,  a,  a  bole  is  drilled  Utr 
llie  reception  of  the  neck  of  a  fla.-.k,  a,  which 
it  luted  into  the  aperture ;  a  quantity  of  dry 
pIuwphoruM  w  placed  in  the  flask,  and  the  cm. 
oUe  is  filled  with  quicklime,  broken  into  frag- 
aenta  of  about  the  *ize  of  a  haxel  nut  ^  a  lid 
«  then   luted  upon   the  top  of  the  crucible. 
Time    having  been  given   for   the    luting   to 
^Hne  dry,  the  upper  part  of  the  crucible  is 
nkcd  to  ft  red  heat  as  quickly  an  possilile,  by 
aimunding  it  with  ignited  charcoal,  the  lower  part  of  the  furnace 
Wtiog  lieen  filleil  with  cold  charcoal,  to   prevent  lljc  \xiiX.  ttotn 
naching  the  plio^pJioriu  too  rapidly;  the   phoap\»otu»  Wcomw' 


Tio.  .11 8. 


^W      ■  CULOUDI   AMD   rtUOEIOt   Ot  UtCltll.         I 

fftAailij  ToUttlned  as  Uie  heat  readies  it     If  tlu-  heat  bJ 

the  pliotpboras  distiU  over  witliout  comhiniiig  «itlt  the  a 

Pb(M[)hi<do  of  calcium  when  [)rocun!d  in  this  nuDiMTJ 

r«iilijdrous  mass  of  a  dull  red  colour,  hanl  i-aough  lo  ■ 

^vHh  Elnl  i  it  cspcrieDces  no  dtauge  iu  dry  air  or  tti  uiyg 

onHnary  tempenttorc.  At  a  liigh  tcmpcratun  it  becia 
■  tiaUy  dccompoMd  hy  oxygcti,  dilorine,  or  hjilrocliloric  m 
Inoiat  atiDOSpberc  it  dakcs,  emits  plio^phnrctlvd  liydtd 
KennDblcs  to  a  brown  powdrr.  This  [Xiwili'j',  wlinu  tlia 
wvaler,  or  heated  to  212°,  evolves  ptimphurctted  bydrogi 
pis  not  self-lightiii|f,  and  is  mixed  with  free  hydrogen. 

I'hosphidc  of  caloinm,  in   its  uiislaknl  form,  i>  dd 

when  throwD  iuto  water  ;  [ilioajihurettcd  hydrogen  gai  ij 

and  takes  fire  with  tlip  |}|icnumcuon  already  described  {jj'i 

adds  pnxltice  its  dcoomposition  vtiil  more  mpiilly.  ] 

(539)  CiiLOBtox  opCAu:iyu  lCaCl  +  6  Ai]=555+j^ 

yiurrf,  i'^S^,  erffMt.  1*680. — ^Tbis  salt  is  obtaioisd  as  a  1 
L  pimiiict  in  the  manuracturc  of  carbonate  from  muriate  ofl 
'  liut  it  utay  be  prciurcd   by  diuulviiig  dialk  in  hydiDcbl 

craporating  to  dryucss,  and  fusing  the  residue  at  a  i 
IbUader  these  circumstances,  a  small  jiortioR  of  the  cblocl 
l;]>laad  liy  the  oxygen  of  the  air,  so  that  the  mass  bus  al 
■icMtioa,  owing  to  the  presence  of  b'nMk  By  cmporai 
uolntion  il  may  be  obtained  in  striutod  prismmir  foitr-sl 
niak  with  6  Ai),  which  fuso  at  84'^.      In   this   form  lU 

firttA  dcprcEsiou  of  (em|x;ratun;  when  ditaolted  in  WH 
Ubiittl  with  Know  it  furnishes  a  powcrfuJ  freeting  miitnrJ 
Kliydrstrd  suit  be  cx|KiiM.-d  to  a  proloiigod  beat  uf  jco°  m 

porous  maaa  which  still  retains  3  Aq;  tn  this  etat»J 
udaptcd  for  the  desiccation  of  gaMss.  Chtoride  of  cslci 
nreuely  dcKqoescent;  a  saturated  lolntiou  of  the  salt  boil 

Slid  is  somotinies  enipltiyiid  where  a  slnidy  tcm|>enluM 
LCcvdiuK  this  point,  is  required.  It  is  soluble  in  alc(»boU 
vbe  obtained  from  its  alcoholic  M>luttou  erystalliscd  ia  rd 
lyUlea,  eoiitainiikg  2  equivaleuts  of  alcoboL  ClUitride  J 
bhsorhs  ammonia   rapidly,  and  forms  a  <      '  '    ] 

btiits  uf  the  ga*.     \  solution  of  the  cbl>  I 

pinie  and  filtered  while  hot,  deposits  long,  tUt,  Ihin  cna 
n.'  '  -  I  nxychloridp,  cou«istitig  of  (CaCI,3CaCI-i- ijM 
fl-  ,0*4x1  Iwlh  by  wntCT  and  by  slmtml.  | 

^f^u)  KLUoaiiiK  (ir  C^Leit-'y  ■'■ 

abundsDt  mill'''-'  """  ' --  "  ■'^^ 

t(v,  or  cr.  ^H 
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ccompttnyiQg  the  lead  veins  iii  Cumlierliinil,  Derby-shirv,  and 
^rawall,  ami  U  met  with  in  n  variety  of  other  localities,  of  various 
iloun,  most  frequently  blue,  greea,  or  wrliitc  Fluor-spur  is  thv 
ondpa]  saxiree  from  which  the  compounds  of  fluorine  are  ob- 
tUDcd.  Fluoride  of  calcium,  in  niinutp  quniitity,  is  found  in  sea 
wter  (Dr.  G.  \ViI«on),  and  in  rnnny  springs:  it  is  a  never-failing 
eompaoion  of  phosphate  of  lin\e  iti  the  bonc"  and  tcctli  iif  nTiimiils, 
■ad  indeed  is  always  found  to  accompany  phosphate  of  lime  in  the 
fluncral  kin;;dom  aW,  in  itmall  but  variable  quantities,  ^tost 
nriedes  of  fluor-spar,  when  gently  heated,  lieconie  phosphorescent, 
Mntthig  a  pale  green  or  vioU^t  Hglit ;  if  heated  more  strongly,  the 
oyrtalH  decrepitate,  and  each  fragment  becomes  enveloped  for 
a  few  seconds  in  a  beautiful  halo  of  light.  It  loses  this  property 
•fter  having  been  once  heated ;  a  phosphorescent  fluor,  dissolved 
m  bydroehloric  add  and  precipitated  by  ammonia,  retains  ita 
power  of  emitting  light  when  heated,  but  if  it  had  hreu  previously 
healed  sufri(nt:ntly  to  dt-stroy  the  phosphorescence,  this  property!* 
kot  restored  by  solution  and  reprecipitation. 

Powdered  fluoride  of  calcium  absorbs  sulphuric  acid  if  mixed 
vitli  it  at  a  low  tempcrattirc,  and  forms  a  transparent,  viscous 
mass,  from  which  fumtv  of  hydrofluoric  acid  arc  evolved  by  heat- 
ing it  to  100°  F.  FluOT'Spar  undergoes  no  change  when  heated  with 
nlpburic  anhydride,  bnt  with  boraeic  anhydride  it  yields  borate  of 
line  and  borufluoric  acid.  Hy<lrochluric  acid  di^nolves  it  in  small 
foatitity.  If  heated  in  a  cum^nt  of  chlorine,  a  gas  which  corrodes 
|lt«  is  expelled.  It  is  not  known  whether  this  h  fluorine  or 
dloridc  of  fluorine.  Wlien  fluor-spar  Is  fused  with  the  alkalies  it . 
Undergoes  no  change :  with  the  carbonates  of  the  alkalies,  fluoride 
if  the  alkaline  metal  and  carbonate  of  lime  are  formed.  If  heated 
intfa  sulphate  of  lime,  it  fus«s  and  forms  a  glass  which  is  trans, 
pirent  when  hot,  but  enamel-white  when  cold.  !□  proper  pro- 
JBrliouK  it  often  forms  a  valuable  flux  in  smelting  the  ores  of 
nrious  metals,  and  hcacc  the  name  fi«or  is  derived,  though  it 
Riqiure»  rather  au  elevated  temperature  to  fuse  it  when  heated 
vttboat  any  admisturc. 

(540)  Svi-rnArR  or  Like  (rftO,SO,  =  68)  :  Sp.  Gr.  2-95; 
trgttaUized  atgyptuat  (CaO,SOg  + a  110=86);  Sp.  Gr.  3-30.— This 
etonpound  occurs  free  from  water  in  the  mineral  anhydrite,  crys- 
hlltzcd  in  rectangular  prisms,  which  arc  found  iu  the  salt  rocks  of 
tie  Tyrol,  and  in  Upper  Austria ;  bnt  it  i»  much  more  abundant 
B  a  hydrate  with  3  Aq :  it  U  then  met  with  either  in  transparent 
tkttened  prisms,  known  as  ftlenite,  or  still  more  frc(vucn\.\'5  "m  ^ 
VtKou,  gnaahr,  compact,  or  c^nhy  form,  constilul'mg  \\vc  ft^vt- 
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lercnt  varieties  of  ^/>»Mm  and  alaiasler.  Sulphate  of  lime 
very  common  impurity  in  spring  water.  Such  water*  aw 
teniicil  geiadlic ;  they  dcpwsit  upon  tlie  interior  of  Ik>U««  in 
which  tlipy  are  used,  a  strong;ly  adherent  fur  or  crunt,  the  oompo* 
sitioii  of  which  is  2  (CaO.SOg)  +  Aq ;  the  sulphate  bciiig  rnlhcf 
less  soluble  iu  water  at  212°  than  at  ordinary  temperatures. 

Sulphate  of  lime  is  produced  whenever  a  strong  solution  of 
ealt  of  lime  in  prceipitaUHl  liy  any  sulphate,  in  which  ciwe  it  falb 
8*  a  white  voluminous  sparingly  soluhlc  hydrate,  which  rcquii 
about  400  partH  of  nater  for  its  nolntion.  It  Is  in&oluhle  in  alcoliol, 
but  is  dis»o!vcd  to  some  c»tent  by  diluted  nitric  and  hydrochlori* 
acids.  Wbea  heated  it  lo»c«  ita  water,  and  if  the  temperature  be 
mixed  to  bright  redness,  the  anhydrous  maitN  fuse^  and  may  b< 
obtained  in  orystals  the  tcanie  in  fortn  as  those  of  anhydrite-  icc 
parts  of  the  anhydrous  salt  eootaio  jS'Ss  of  sulphuric  add, 
4fi8  of  lirae.     (rvpftum  contain!!  so"93  per  cent,  of  water. 

Gypsum  constitutes  a  manure  of  considerable  utility  wbd 
judiciously  employed ;  but  tlic  most  remarkable  property  of  ml' 
phate  of  lime,  and  that  for  which  it  is  chiefly  vahicd,  is  the  po«< 
|vhich  the  hydrattul  vuriety  possesses,  after  it  has  becu  dcpriv 
water  by  a  heat  not  exceeding  500*^,  of  again  combining 
water,  and  binding  or  netting  into  a  hard  maMS.  If  the  dry 
be  made  into  a  thin  paste  with  water,  the  mixture  beoomcH  adS 
in  a  few  minutes,  expands  constdi-nibly  nt  the  moment  of  sohdift 
cation,  and  experiences  a  considerable  rise  of  temperature,  whid 
in  large  masses  may  amount  to  40°  or  50° :  a  combiiiatiou  of  : 
atoms  of  water  with  1  atom  of  sulphate  of  lime  occurs,  and  eii-enm 
ally  it  becomes  as  hard  as  the  original  gypsum.  Gypsum  whid 
has  been  dried  at  a  temperature  of  from  400*  to  500*  F.  is  conrcrto 
into  a  white  friable  mass,  whieli  when  ground  to  a  fine  powder  il 
known  in  the  arts  under  the  name  of  piaster  tff  Paris,  from  tlv 
circumiitancu  of  the  mineral  being  cxtcnmcly  found  in  the  en 
virons  of  the  Fiench  metropolni.  It  is  howcrcr  particulaHi 
worthy  of  observation,  that  if  the  sulphate  be  heated  to  FcdncAS,  i 
becomes  very  much  denser,  assumes  a  crystalline  structure,  aud  Io« 
the  poiKT  of  setting  or  solidifying  when  mixed  willi  water,  ead 
atom  of  the  salt  recombioing  with  the  2  atoms  of  water  it  had  lost 

Plaster  of  Piu-is  is  manufiictiircd  iu  largo  quantities  for  areU 
tectnral  purposes :  it  is  alao  exteni.ivcly  used  in  modelling,  and  u 
taking  accunte  copies  of  objects  of  every  de««ript)o».  Suppovr, 
(or  instance,  it  were  desired  to  copy  a  modal:  a  raised  rim  0 
paAteboaid  is  attached  to  the  medal,  which  is  anointed  with  a  littl 

to  prevent  the  p\astot  Srom  aA\*it\w!i\o"\^v«A»(»t.    TW  drie 
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jiWtcr  i«  tbcu  mixed  with  water  till  it  is  of  tlic  conBistencc  of  thin 
arakm,  and  in.  iiumt^iatvly  aiiplial  can-fullj-  witli  a  hair  iiciicil  to 
erery  part  of  the  aurface,  »o  aa  to  exclude  air ;  after  which  a  thicker 
cnam  ta  jiourcd  into  the  mould  :  iti  n  few  minutes  the  mam 
becomes  solid,  and  the  cast  may  be  removed  froiii  tlie  medal. 

The  addttioa  of  i  or  3  per  cent,  of  many  snlts— particuWly  uf 
lltim,  of  sulphate  of  potash,  or  of  horax — confers  upon  gypsitm  some 
properties  of  con^idcrabk-  practical  importance.  Gypsum  which 
bn  bcco  thus  treated  will  eudare  a  dull  red  heat  witliout  losing  its 
power  of  netting  when  mixed  with  water.  It  becomes  much  dcciMr 
Uuo  ordinary  planter,  and,  when  mixed  with  water,  seta  in  the  course 
of  a  few  hours,  and  forma  a  hard  material  which  lakes  a  high 
polish.  Keene'fl,  Murtiii'n,  and  Kcating'H  cement  are  the  names 
nuler  which  piaster  so  treated  is  known.  SIuc<k  con!>i»tn  of 
Oolonred  plaatcr,  mixed  with  a  solution  of  sixe.  The  diflcreitt 
Uours  exhibited  by  stucco  arc  obtained  by  the  admixture  uf  oxides 
Bbon  aitd  other  metal!*.  By  friction  its  Hurfiw^e  i>  ausceptihie  of 
Thigh  pt^sh. 

PolyhaUile  is  the  miiicriilogical  name  for  double  sulphate  of 
mtash  and  lime  (KO.CaO,  aSO^  +  Aq),  which  is  sometimes  found 
■tive,  aiid  has  been  formed  occa«ioiially  during  the  manufacture 
Rtartaric  acid.  It  ia  decomposed  by  water. 
I  Sulphate  of  lime  aim  forms  a  double  salt  with  Htdphnte  of  *oda, 
vliicb  occurs  native  under  the  name  of  glauberite  (XaO,CaO, 
i80,J ;  it  is  auliydrons,  aud  nearly  insoluble  in  water. 

Nir«ATa  OF  LtJie  (C«0,>;0,+4Aq  =  8a  +  36  ;  Sp.  Gr.  anhj. 
tnm,  I'n,  cryst.  v}&o)  is  a  deliquescent  salt,  which  cryittidlixts 
it  long  prisrom  ;  whcii  anhydrous,  it  emits  li^lit  if  gently  heated. 
It  is  soluble  in  alcohol. 

{541)  Cahdonatk  or  Limk  (C«0,C0,=5o)  :  Sp.  Cr. of  Icttand 
tfor,  27a  ;  of  Aragonite,  2-97. — ITiia  substance  is  one  of  the  most 
ibuodaut  components  of  rocks  and  mineral.t.  In  the  amorphoua 
cooditioa,  it  formti  the  different  variclics  of  limestone,  oolite,  chalk, 
tnii  calcaneus  marl ;  it  is  tlie  principal  coii*titncnI  of  corals,  of 
lb:  sbeILt  of  fiabea,  and  of  the  eggabells  of  birds ;  it  also  enters  tn 
ptalcr  or  li-:<A  quantity  into  the  tiones  of  animals.  In  iiiitiute 
gnuiolar  crystals  it  forms  the  different  kinds  of  marble,  and  it  is 
ibtttid  in  a  greater  variety  of  regular  crystalline  forms  than  any 
«!*er  knunu  cimipuund.  It*  primary  form  is  a  rhombohcilrou,  as 
it  seen  ui  Iceland  8i«r,  but  it  also  occurs  in  the  incumpatibte 
brtn  of  aragonitc,  in  six-sided  prisma,  and  ia  cotuequently  dimor- 
iboBs.  Aragouite  is  iwroorphotis  with  carbonate  of  sUoulm,  lui^ 
its  aytUtis  Jtot  ua&eqa&tU/  coutaiu  small  quaiiUtie&  of  t\u&  xuvuc- 
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r»l,  lli«  occurrence  of  vhicli  it  is  supposed  mnj  Msi»t  in  ddef-j 
ntiuing  the  anumptioii  of  tlie  primnatic  form  by  tlie  carbonate  ol 
time.  When  sragonitc  is  h«atod  it  ffOU  to  po«dcr,  and  the  gniM 
■sre  stated  to  na»tiine  tlio  form  of  minute  rhombs.  Carbonate  <ll 
Btinie  is  produced  irhciicvcr  &  ^t  of  lime  is  precipitated  bf  IH 
addition  of  an  tUkalioc  carbonntc,  and  if  tli«  solatious  be  mixed  in 
the  hoiting  point,  the  cnrboiiate  falls  in  microscopic  crrstal?,  haviM 
the  form  of  anigonitt'.  loo  ptirls  of  cftrlK)nnt«  of  lime  coiitaii^fl 
of  carbonic  acid  and  j6  of  lime.  ^M 

It  in  »nmctimr»  nccc:ssary  to  obtain  a  perfectly  pure  carbcoH 
of  limc;  for  this  puriK>»c  a  solution  of  nitrate  of  lime  tnajr^f 
mixed  \i'itb  au  excess  of  limc  tiatcr,  irhich  precipitoteK  '^''SQ^H 
alumiua,  oxide  of  iron,  aod  otlier  metallic  oxides ;  the  filtered  ^H 
tion  h  discomposed  by  the  addition  of  a  mixture  of  amn)oiiia;^| 
scsquicarhonale  of  ammonia;  the  j>rccipitate  is  washed  tlioroa^fl 
then  dried,  and  hratcd  to  low  redness.  -M 

Carbonate  of  lime  h  d(K»m[>o«ed  br  a  rfid  hext,  if  the  acid  dfl 
freely  c*cnpc;  but  in  closed  vessels  it  fuses  without  uodeigfliM 
decomposition,  nnil  on  cooling  l)ecome»  converted  into  a  graniiM 
crystollinc  mass,  like  marble.  J 

A  rombination  of  the  cnrbonates  of  lime  and  *oiIb,  insoluble fl 
water,  was  found  at  Merida,  in  Soiilh  America,  and  called  Gajr-ClH 
sUe  (CaO.MaO,  2  CO;,4-6  Aq),  BarylocalcUe  (CiiO,B4iO,  3 Cfll 
iaanative  double  carbonate  of  lim«  and  baryta,  vhicltct^-atallizekfl 
oblique  prisms.  J 

(543)  Ca/careou*  Watert. — Carlionateof  ItmeisHolubleinflH 
water  to  the  extent  of  rather  more  than  2f^ns  iu  1  gallon,  bntitfl 
freely  taken  ttp  by  wat^-r  charged  with  carbonic  Bci«l,  and  is  deposited 
iigain  in  anhydrous  crystals  as  the  gas  escapes.  In  this  way  enoi^ 
mouH  nta!">eN  of  cryrtalliwvl  nirbonntc  of  limc  arc  formed.  In  tU 
limestone  hills  of  Derbvshire,  and  in  ^'arious  other  localities,  caveafl 
occur  in  which  this  phenomenon  is  perpetually  exhibited ;  waH 
charfted  with  carbonic  acid  and  carbonate  of  lime  niake*  its  way 
through  the  roof  of  the  cavern,  where,  as  the  carbonic  acid  gradnalljr 
escapes,  the  carbonate  of  limc  is  de]KMited  in  dependent  niaweu 
like  icicles,  termed  ulatartifet;  whilst  the  water  falling  on  tbs 
floor  of  the  euvcrn  iH^fore  it  hait  parted  with  all  itJi  excels  of  car* 
bonic  acid  and  dissolvc^l  limestone,  deposits  a  tnth  portion  of  tb| 
crystalline  matter  ;  nnd  thus  u  new  (rrowth,orjt/((/a^wnVc,  gmduatly 
rises  np  to  meet  the  stalactite  which  depends  from  the  roof:  iq 
tbia  way  a  natural  pillar  of  crystallized  carbonate  of  lime  is  formed 

It  is  in  a  similar  maitner  tbnt  the  calcareous  deposits  from  tlU 
lakes  of  volcanic  dislrVct*  we  \to4MttA.    Ttwaa  ^wpwAA,  wUe^ 
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bare  rerotvnl  the  name  of  tufa  .-  wlicn  more  oompact,  they 

»iti  trm-rTtine.     Travcrtiiie  is  formwi  Bbdodantl]?  in  many 

ItaJiAu   Uk<n ;  it  yna  kif^liljr  ralucd  for  uvhitectural  pur. 

the  Romans,  as  it  i«  n  material  easily  wrouglit,  ftDd  poa- 

\l  ilaraliilitj-  and  beauty. 

■")'  *l'""ff  »rateni  contain  carbonate  of  lioio  hcW  io  sola. 

[  oirUjiiio  aci<i :  when  the  water  i«  Iwilcd  tiii»  acid  i»  esi»U«), 

cnrlmaatc  is   ileitoaitwl,  forming  a  lioinj;  more  or  Icsb 

11  n|»on  tlin  nides  of  i  lie  veawl.   1  ii  jleam  boilers  tliia  become* 

"-  ••vil :  it  is  clTi<ctiiBlly  prcvcnteti  by  the  addition  of  a  fimall 

:  m)  ammoniao  to  llie  water  ;  carlKmute  of  nmmouia  is 

Mild  Tolatilixed,  wliilc  chtoride  of  calcium  remains  dissolved. 

T.   CInrk  has  inlrodticed  »  plitn  fur  »oJ^eniiig   auch  cal- 

watcr«,   by  remoring  the  carbonic  acid  from  them,   and 

the  {(rccipitatton  of  the  carl>nnatc  of  lime  by  Ibun  depriving 

KdveiiL     This  method  coiui^ta  essentially  in  the  addition 

1  of  liini:  to  Buch  watetM,  until  t!»e  wat<T  gives  a  r«ry  faint 

inpe  on  u-nting  it  with  a  solution  of  nitrate  of  ailrcr  ;  this 

I  imIicatcB  that  n  slight  excess  of  lime  ha*  been  added,  which 

a  predpicatc  of  brown  hrdrated  oside  of  silver.     In  thia 

th4<  lime  comhiuus  with  tlu^  exce^m  of  carbonic  acid  In 

' ;   the  carbonate  nf  lime  thus  formed,  being  insolable,  is 

along  with  the  portion  of  cnrhonate  of  lime  previously 

[solution  by  the  carbonic  add.     After  the  lapse  of  Iwculy- 

iira   the  water   becomes   perfectly   bright  and   clear.     If 

or  organic  matters  be  present  in  the  water,  a  consider- 

of  both  goes  down  with  the  chalk.     In  applying  this 

a  lar^o  scale,  it  is  found  adrnntagcous  to  add  a  shght 

lime  in  the  finrt  instance,  nn<l  afterwards  to  dc«troy  this 

a   fresh  addition  of  uiilimed  water.      The  carljountc  of 

on  aiipitratcd  in  grnnular  cryttal;,  which  speedily  subside. 

uUt\*  arc  formed  much  more  slowly  if  the  limo  be  not 

cht  eKcess.* 

ns  inlroiliiMd  a  mrtliod  of  teatJag  the  lisrdn«M  ofwatfrtby 
L  the  Sotip'Utt,  whicli  hsa  boi'n  nt«n»iTi>ly  used.  Th«  ope> 
■iducttMl  in  ihc  rolto'inK  mantirr: — 

'aoAji  in  proof  «pirit  (nmlaininK  about  no  Krains  of  vnrd 

.    n)  it  llrit  prepariHl.    In  vtAer  to  graJuBle  this  •olutioo,  i6 

ind  siwr,  or  Csmrn  mnrbl«.  are  diBtvlrfd  in  a  flask  in  pun 

^'^i  rraponted  to  dryness  in  tlie  Bajk,  r«ltsM>lreil  in  valor, 

I  ainiporB(<^  to  drjiwss.    Ou  ogaia  diMoWmD  it  in  iralcr,« 

■»■•'—■  -  -^  chloride  orcalrium  ui  obtuiiied ;  uiis  lululion  ia 

'   nutrr  until  it  UMMStuva   i   ^sltoo.    It  will  now 

1'  liAnlacM  1  (hat  b  to  say,  il  will  corrotpood  in 

-ig  i6  Brsius  ufcBi-boBste  of  liac  per  gallon,  rach 

..  .  ..ifk'e  scale  rfpreeonling  sa  aawaul  of  any  ta\l  ot 
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(543)  Buiid'mg  Hattrials. — CarlK>nate  of  lime  tonu  1 
of  aotoc  of  tlic  Riutcrials  moat  highly  \)nxvi\  for  liuildir 
beudee  funiisliiiig  the  costly  varieties  of  tDBrbk'  ue«il  fi 
The  ooliti^e,  Kticli  ns  tlioec  from  thv  InIc  of  Ponlanil  and  ib^ 
bourliood  of  Bath,  rcnUt  the  weather  a^lmirably  ;    thry 
being  mulity  fitted  aitd  cut,  and  yet  )KM«n«  C!oniii'irTal)]e  i 
Many  slid)/  limoatoueB  are  also  well  adApted  for  tbete 

lime  eorrc«paiidiDg>  Xq  1  |Er>in  of  clialk  par  jtalloa  ia  tit»  wbIt.    i 
Knin  iu«a»urva  of  (bu  (oiiitioii  are  nest  lraMfm*d  byat>iM<I«w| 
to  dclirer  exactly  thia  (|uiinttty.  into  a  bottle  wliicb  nill  BoU  s<~' 
Bccur«t«ly  fitted  with  >  kUw  a'topper.    Tb«  wap  eoluliati  ■•  tKf   . 
tlio  Katw  from  a  Iturvlt^  osoli  aivbion  of  wliiob  oorrrapaaili  U  | 

Cin*.    Ahfv  each  additiiMi  of  tbo  Miip-ieiil.  tlie  (topper  ■•  r 
lie.  and  the  |}Otth>  U  britilflx  diklirn  for  m  isinitlo.  bIW  «) 
up«u  III  aiilc  i  (rc«li  portianx  of  the  aoap  bcinft  addrd  ui  (mall  if 
a  line  latlii^  iu  uDJfomi  «mnlt  bubble*  mnaina  unbroken  orer  1 
tlinie  iiilDulva.    TUe  number  of  meamirN  of  tbe  *oap-li.-«t  etnj 
and  the  strcnittli  of  the  wolution  it  ioi-reued  vr  diiuinUbeU  by 
■oapor  of  spirit,  as  may  l«  tieceMmry,  tinttl  eiu'ilj  j>  mvaMim  i_ 
for  tooo  vater  griiina  of  the  ttnndaril  tolulion  of  16"  of  hardtirM. 
iolution  lina  br«ii  tnndi>  up  (a  thii  atrpn|;th,  iJie  eiprriiiM-til  ii 
order  to  (ueertniii  ibst  tbi'  mljuitnient  it  comet. 

In  appl)'i[))>  tbe  li-nt,  tooo  Bli'iuuriHl  i^iiii  of  ibe  vatcr  t^  I 
are  iotroauoed  into  (be  Rtupui-red  botilv.  nud  tbe  operalioii  u  pro 
a«  above  dincted,  reading  oil'  tbe  iiuiuber  ot  (e*t-iiie»mr«*  rn]u<i 
to  produce  a  pcna«iont  lather.    Th?  dexree  of  hardnrMi  of  ib*  ■ 
obtained  by  nnplc  innpr^'tion  of  the  lubjoiDrd  tabic.     Tlif  rrolti 
erer,  apt  to  be  inacRuralc,  if  Inrxe  ijuaDliliM  of  iiu){ne>ian  r«lt>  1 
Sometifflea  tbe  water  exceed*   lO^  in  hardncM  1  in  ibm 
diluted  witb  an  eoiul  raeaaure.  or,  if  nece«Mry,  *iib  i 
tliricc  it*  bulk  of  aislilled  nater.     1000  graiU'ineMi: 
are  then  to  be  t«aled  aa  iwuat,  and  the  Dumber  of  n 
employed  ia  to  be  rend  oB'.  >ml  tbe  decree  of  bntdnrM  <  >i  r'->i 
noted  from  the  table.     Tbii  druree  oiunt  bir  liiiiJIy  iButliplieu 
by  4.  accordiiiir  to   the  cxtvtil  to  whiob    tbe  naler  bad 
d^uted. 

rdMM  o/*  WitUr. 
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Iclubanttc  cnrviiig  i%  n<)'iirc-il,  a  wclUcr^ftUltlxcd  ma^ticsinii 
(or  duuliic  carlmiale  ufliiue  atid  magiieniu),»uchiLa  Uml 
in  tlu9  tww  Mouws  of  rarluiinent,  is  prclcrrod ;  it  is  very 
bdcom{>wt,stifIidctitl,v  soft  io))e  easily  scii1[ilur«l,  but  reltiiii.'i 
lOuUiiii;.  >[uii7  finc-gruim^i],  porous,  calcareous  and  oiug- 
ane»  have  the  inoouvCDietice  orsplittiiig  into  flakes  after 
>'  exposure ;  titi*  gvitcially  occurs  from  tlir  aInorptioQ  of  ^ 
its  (nc|Muitiiou  wlicn  tlie  moisture  tliii&aljDH>rbed  becomes 
lurtttg  winter.  A  eimplt:  am]  ingcaioiu  mode  of  aKocrtaituug 
ft  tmildiog  stou€  is  liable  to  this  defect  was  invented  by 
-it  (.'uiui»t«  in  taking  n  smoothly  cut  block  of  the  stone, 
ro  inches  in  the  aide,  and  placing  it  iu  a  oold  satumtett 
of  aulphatc  of  soda.  The  tempcnture  of  the  «olution  is 
miaed  to  the  boiling  point,  it  is  allowed  to  bui)  for  half 
^,  and  tlieu  the  etonc  is  left  to  cool  id  the  liqutd,  Wbcn 
i  ia  •ti6{>cudcd  over  a  dtsb,  and  oncu  a  diij  for  a  week  or  a 
lit,  phitiged  for  a  few  moments  into  a  cold  saturated  solution 
Jpliate  uf  Boda,  and  is  t)>e»  again  freely  auspeiided  in  the 
iihatc  of  soda  cr}'Stallixe»  in  the  pores  of  the  stone, 
I  ragaieula  of  it.  A  similar  experiment  is  made  upon 
:  MSt^  mass  of  stone  which  is  kuonn  to  be  free  from  thi« 
''  '!ie  compjirative  wei};ht  of  these  fragments  in  the  tnu 
.  iuncy  of  Uic  stone  to  thi;  defect  in  (lucation  may  be 

uc  wliich  is  plaecd  in  a  building  conformably  to  its  position 

fuaxry.Mi  that  its  seams  sliall  lie  horizontally,  is  much  leu 

injury  from  the  weather  tlian  where  this  point  is  neglected. 

[Uic  Miection  of  a  building-stone,  regard  must  be  had  not 

'  Itt  its  durability,  but  al»o  to  the  locality  in  which  it  is  to  bo 

A  sluiic  which,  like  a  magncsiao  limestone,  may  euduro 

for  ages   in   the  open  cotmtry   nir,  may  yet  in  the 

of  a  i^r\fe  city  become  rapidly  disintegrated,  owing  to 

I  of  the  sulphuric  acid  produced  by  the  immense  quantities 

;  which  arc  burned.     Decay  from  this  cause  is  strikingly 

the  stune  used   in   some  jNtrU  of  the  new  Douses  of 

at,  and  still  more  so  in  the  new  buildings  in  Lincoln'* 

luahle  report  upon  the  composition  and  quality  of  rarious 
fof  liutiding  stones  was  mailc  to   the  British  Government  in 
(Kin  'bf  tM^tasion  of  tlie  rebuilding  of  the  liousea  of  I'ar* 


other  varii  tin  of  building  stonct*  are  mostly  ailireous.    To^ 
iMlong  all  the  saudstonee,  which  cousist  chiefly  of  grdina^ 
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of  Kitiea  utill«4  bf  a  cemmt  more  or  le«K  fcmiginoos.  Tlic  dura 
bility  of  tlie  stone  depends  mainly  upon  (he  diameter  of  tiui 
unitiug  mntcriol.  Many  igneous  n>ck»,  uncL  u  porphyry,  bnstJ^ 
and  more  ettpedally  granite,  sre  also  used  for  building  purpooei 
1>ut  from  their  hanlnt-es,  they  nrc  Hcldoin  wrought,  except  wlim 
as  in  quays,  bridges,  or  causeways,  the  constant  near  is  nuu»QaQ 
great,  and  where  softer  though  loss  cipcnxivc  materials  wouli 
soon  be  de&troyeil. 

(.5+4}  PuosFUATEs  Of  LiME. — Tlic  most  remarkable  of  tk 
pfawphates  of  lime  i«  that  known  as  the  bene  photphate  [3  Ca( 
1*0,),  from  its  forming  the  principal  earthy  constituent  of  tb 
animal  skeleton.  It  is  ea^ly  pruoincril  by  adding  chloritle  of  d 
cinm,  drop  hy  drop,  to  a  solution  of  phosphate  of  soda  in  eioesi 
when  it  falls  as  a  gektinous  preci|ntate  with  3  Aq.  It  may 
he  obtained  from  calcined  bones  by  digcetin-r  them  in  nitric 
and  precipitating  the  filtered  nolution  by  cjiuittio  ammonia.  10 
parts  of  the  anhydrous  phosphate  contain  45"S  of  phosphoric  ad 
and  54-3  of  lime.  This  phoxphntc  is  insoluble  in  unter,  but 
readily  dissolved  by  acetic,  and  the  stronger  acids.  It  oecm 
tuitivc  ns  a  white  amorphous  miueml,  known  under  the  namet 
phosphorite.  In  the  Norfolk  crag  considerable  deposits  of  brow 
rounded  pebbles  occur,  known  under  the  crronvoux  nunc  of  coprt 
iUes  :  they  contain  a  large  proportion  of  phosphate  of  lime  niixc 
with  cnrbouiitc  of  lime  and  fluoride  of  calcium.  lu  tbc  groei 
sand  formation  near  Farnhnm,  and  in  other  localities,  nodoli 
cliicfly  composed  of  phosphate  of  lime  are  also  found  abuBdantlf 

A  triba-Hic  phowphatc  of  liiiio  occunt  uaturally  crys' 
hexagonal  prisms,  which,  whcu  colourlcs*,  an:  called  apatUe  ,- 
of  u  green  colour  it  is  termed  moroxiU ;  in  these  minerals 
phosphate  is  associated  with  variable  quantitiesof  fluoride  of  c^ 
If  bone-ash  be  fused  with  about  4  times  il»  weight  of  chloride 
sodium,  and  allowed  to  cool  very  slowly,  dcUcate  crystals  haring 
form  of  apatite  arc  found  liuJng  the  cavities  contained  in  the 
(Porcbhammer).    ^Vhen  rhombic  phosphate  of  soda  is  added 
by  drop  to  nn  excess  of  chloride  of  caldum,  a  aemi-crystatline 
cipitate  falUj  which,  aecording  to  Berselius,  consists  of  (3  CaO, 
P0,+  3Aq). 

Several  other  phosphates  of  lime  may  be  formed,  001 
ing  in  composition  to  the  various  idunphatesof  soda.     The  soliii 
acid  phosphate,  or  superphosphate  ofHme  (CaO,  2  HO.POil,  is 
pared  by  treating  bone-earth  with  two  thirds  of  ita  weight  of  oil 
n'(rioJ,  as  in  the   preliminary   stage  of  the  eitractkiu  of  phi 
tiiiojus.     It  is  largely  munuttuit>ue&  u %  uvu&'aii:^  ^  Viuoi^. 
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BS  floublo  Borute  t^f  Lime  and  Soda,  Boro-nairo-caldte 

iO, -t-?(CaO,  3  B0i)-fi8  A<)1   U   fuimd  ut    Iijiiiiiiic,  in 

tbe  form   of  rounded   nodules,    conipoacd  of  6iie  sUk^ 

It  w  but  sparingly  HoluUle  in   hot  witcr,  to  which  it 

Ml    alkaline  reactiuu ;  but  it  is  easitj'  dissolved  by 

id«.      Tbb  miiicn)  liitt  recently   l>cen  iin{)ort«d  into  tbi» 

some  extent  for   tlw  preparation  of  borax,  wbicb  is 

iuit)  from  it  by  dis»o)viag  tb«  compound  in  liot  diluted 

iric  acid,  aud  piocipitating  tlic  Jimc  as  carbonate  by  the 

[if  carbouatti  of  lodft ;  llie  clear,  auiwrnatant  liquid  on 

m  yicliU  crystals   of  borax,   wKiUt  chloride  of  sodium 

u  oolutiou. 

I  Cu^RACTEas  or  the  Salts  or  Calcidu. — Tbe  salts  of 
|re  ooloitrloiM.  Tbi'y  girc  uo  prccipitiitc  with  ammonia, 
a  white  precipitate  of  carl>oualc  of  lime,  witb  tito  car^- 
Uw  alkalie*.  Solution  of  lulpkatf  <^  lime  produces  no  pr»- 
thc  c^ciiim  salts  are  thus  di»itt»guialied  from  tboK  of 
id  strontium  -.  they  yield  no  precipitate  with  hydrotuU 
tmnu^nia.  Oxaiaie  of  ammonia,  cxea  in  very  dilute  dcu- 
ksline  MihitionK  of  lime,  thrown  down  a  white  oxalate  of 
lb  ia  soluble  in  nitric  and  hydrochloric  adds,  bat  not  in 

i* 

itm   iif  Lime. — In  the    determination  of  calcium  for 
purponen  the  oxalate  in  the  pnrcipitate  u«ually  employed  ; 
eifbiug   it  is  heated  to  dull  redueaa,  bo  as  to  convert 
to  carbonate  of  lime :  too  parts  of  the  carbonate  con- 
e.     If  no  other  base  bo  present,  calcium  may  also  ho 
the  form  of  sulphate.     If  the  calcium  be  not  alreiuly 
of  sulphate,  the  salt  is  heated  with  aa  excess  of  sul< 
id,  and  igtiitod;  when  cold,  ic  i*  weighed:  loogruns  of 
uic  contain  41'tlJ  of  lime. 

IV,  Maosbiicm  (Mg=u).     Sp.Gr.  17. 

kPJiBaittii   is  usually  classed   with  those   mcttds   the 

^ch  furnish  the  alkabtie  earths,  but  it  is  much  more 

unc  in  its  properties    than  to  any  other  element. 

is  BD  abuudaiit  iugrvdicnt  of  tlic  crust  of  tlic  earth. 

cutnbiiiatiou  in  large  quantities  aa  a  double  carlxi- 

fbrmiog  roa^intioii  limestone,  or  dolomite     It  is 

'aliunilmitly  in  sea  water  as  chloride,  and  in  mauy  apiing* 

It  tikowiac  enters  more  or  lets  extcnsiTely  into  the 

t  inaiiy  radu>  and  of  a  gicat  variety  of  minerals. 
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AVBid  it  ill  the  metaU 

1  , 

^fa  with  poUiMiuin    iu  ■  J 

1 

^  .mI,  tfe  contents  of  the 

:.  .  . 

«tiA  the  chloride  of  poU 

1  . 

3^WBtiin  were  dissoWed 

1    1 

•jadcr,  which  could  be  t 

1    ' 

.£■   Cmmptf*  rmdtia,  xlir.  394) 

v^ofimrc  chloride  of  nug 

,,(. 

aed  clilohdc  of  sodium  a 

l-i 

..i  in  fine  i»w(liT,      150C 

1' 

^^■V  ire  cnirriillf  mingled  iritli  t 

• 

^^j^^B-aM  >  clav  crucihie  at  «  full  re 

^^^■^■■■^     Whcii  the  mixture  hu  bt< 

^irf,  ud  the  fuBod  m«M  i«  rtini 

^  *  ^■icr  it  bofDogcncoiu  througtw 

^^B^M  the  liquid.     (>Iobults  of  oiiig 

«^B.    ne  crnciUlc  is  allowed  to  cool  pi 

__  ^^M»  «■  nnited  bj  lueaus  of  ihi*  iroi 

.^  ^«»  voond  upon  a  «bov«l,  nod   the  n 

-    rrains,  ie  wfiarauvl  frum  the  1 

-.■J  ill  a  jMsrcclaiti  tray  aud  c(d 

T  a  cnrreiit  of  hydrogen  ;  nlU 

TWrdtiikg  ill  a  bath  of  miied  oblori 

<*h«ni,  and  Ruoride  of  calniim. 

nf't  Annal ,  Uxxii.  i-^;)  pn-pnnra  I 

^B^i^  ^moipoution  of  tUf  cMnndo  of  m 

^0^^mAt«[iconm\  (lorci-laiii  craciblc< 

,^B^a  aT  porcelain,  which  extendi  bftlf-vtj 

^  «baadb>  arc  mml^  of  carbon,  and  we 

_       iM^   in  the  lid,  the  TipgatiTo  elect 

'«  nduced  taagt)c»iiim  which  hn 

^^^at »  brought  to  a  red  hrat,  and  is  lilt 

-=*•  B&^Tbra  ja  rviulily  deoomtioKcd  hy  loi 

"^ 

1^                            The  principal  dilflcully  in  ' 

-J-  '"  «maU dennty  of  thi'      ' 

_,  ^  c^  ft0cd  nJt,  and  is  i                            . 

im  is   a  nuillrnble,  duirtilo  m 

,  a  infmai^                         in  dry  air  ;  hot 

~ 

*ly  oiitlixHl.     lufrArturvm 

^^^* 

^>  nc,  ^i  other  tioin  filirou*.     U^ 

^^__ 

•«rduM«  a>  ralc-tpur.     At  a  modo^^H 
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Ited.  Wlicn  i^itod  in  dry  nir  or  in  oxygen  gas,  it 
bcc(ini(!fl  oxidized,  emitting  a  light  ordozslin^  brit- 
ma go CBia  which  in  produt'edc^ihihiu  no  Mgn  of  fudon. 
C<kmi)  liKve  sliown  that  magnesium  is  nearly  as  rota- 
anrl  thnt  it  may  be  distilled  by  Iicatitig  it  Mtrongly  ia 
kt  of  liydrogea.  A  portion  of  tltc  metal  is  carried  away  iu 
by  the  gas,  and  if  tliv  latter  be  kindlcil  as  it  issues 
ippanittM,  it  bums  with  a  beautiful  and  highly  laminou* 
leaium  is  but  «low)y  acted  upon  br  cotd  water,  but  it 
3lvod  if  the  water  be  slightly  acidulated.  It  is  aUo 
Mtluble  in  solutions  of  «al  ammouinc.  When  thrown  into 
v-hloric  auid  it  bursts  into  flame ;  yet  a  mixture  ol 
^^.  -i  sulphuric  and  fuming  nitric  acid  has  no  action  upon 
^kt  t>e  hcntcd.  When  heated  in  chlorine  and  in  the  vapour 
jmtio,  of  iodine,  or  of  Kulphur,  it  burn*  brilliantly. 
'.-1  ^T.,:^■Ka(A  (MgO=30  )  ;  Sp.Gr.y6. — The  only  known 
im  ia  a  bulky,  white,  tatteloM,  infusible,  and  nearly 
ptiWiltT,  which  when  placed  upon  moiBtcncd  turmeric 
it  {lifitinctly  brown,  too  parts  of  magnefin  contain  60 
■um  and  40  of  oxygen.  It  is  usually  procured  by  strongly 
lie  artificial  rsrlionatc  in  a  crucible,  but  it  may  also  be 
[by  tgiiiciou  of  the  nitrate  of  magnesia;  in  this  eaM^  it 
.  much  denser  form.  Magnesia,  wlien  mixed  with  water, 
■  nf»  with  it,  and  forms  a  hydrate  (HO,MgO),  which 

-  acid  slowly  from  the  air  :  no  wtiwilile  deration  of 
oecun  during  the  process   of  hydration.     A  native 

Ur  composition  occurs  in  eryntidliue  wales. 

-  Maiinbshim  (MgS  =  28)  is  but  sparingly  soluble  in 
may  be  obtained  as  a  hydrate  by  precipitating  a  boiling 

'  salpliattf  of  magnesia  with  sulphide  of  potassium,  when 
ft  while  mucilaginous  mass. 

CoLoniDB  or  MAONEsitni  (MgCl=47*5;  Sp.Gr.rijy, 

At),  ''558)  is  contained  abundnntly  in  sea  water.     It 

led  in  the  anhydnina  condition  by  dissolving  1  part  of 

ttu  hydrochloric  acid,  and  adding  3  parts  of  sal  ammoniac 

r  which  Ih^*  mixture  is  evaporated  to  dryne«K;  by 

liilo  chloride  ofmaguc^ium  and  ammonium  is  formed 

!),  which  may  be  evaporated  without  ios.t  of  acid, 

iiikmi  of  mere  chloride  of  mitgnr^um  W  partially  de- 

iiig  i^vaporation  :  when  the  double  »att  is  ignilod  in 

Icrooiblr,  tl>e  sal  ammoniac  is  expelled,  and  pure  chloride 

■iuin  remains.      At  n  red  heat   it  faaca  to  a  trautparent 

tbicb  fiirins  a  ailky-tooking  mass  of  coofuicd  crystals  on 
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Preparation,   i 

— BiK- -                          Tosecnt,  anM 

hentiti^  ita  auliyilrutu   c)                               'j  I'vaporiui^ 

pliititiiim  crucible. 

Will                                  xuilltlC    IKt'lilM  fl 

digfflUd   ill  colli  ffntor,  1                 .  ■•^is  cUlundcs  witd 

uiidccom posed  chloriilc  <■>                ««-     If  lieKUnl  ktro^ 

metal   was  left  na 

a  gtv'                           '  rido  of  Rinn 

globiiU-*. 

■:    (1,311X3 

2. — i>CTille  and  Carr                                              | 

metiil  UN  fulloim  :— 

-9                             .    ,Mt;0,SO,  t  110, 

mixed  with  i^oo  ; 

-^,tl-    i'6'JC. — 'i'lili  iy 

pure   fluoride  o! 

1  made  to  very  Urge 

sodium  in  small  i' 

■^ring  the  toa^Mia  bj 

and  the  wliolv  i>  i 

rp^-"  acid;  or  by  lint  a 

it  is  tlicn  insiimtl 

.^■A  alt,  aiW  which,  ud  m 

quit,  tlifl  oov'  ' 

.^ncd.     The  »u]pbate  ia 

iix>a  rod,  in 

=3W  from  uagoeftian  lime 

obtain  ac)o>> 

Itf^y    wa»be<]   with   m 

tlicn  di"i' 

*  thcu  trcuU-d  with  ttulpl 

the  uirt^iK 

^  IS  separated   from  the 

melted  mail' 

•iJation  and  recryaialliiati 

amoi:-!'''  ■ 

^  tlHntity  from  the  tnatt^l 

mn^i  1 

A  di  mo^eaia  is  a  comnHl 

o«e  ma- 

U  name  of   EpMm  aalla 

may  be  j 

.^«  :if  bdu^  abuudantly  oootaux 

uesinm, ' 

__^^ted  of  £|NMitD,  from  the  vala 

3.-I' 

^^poL    Sulphate  of  "ifgnpnii  ia 

iiy  n,. 

•  «MV»i6o^  aiul  j^  at  jii*^.     I 

tim 

^s4  tvu.     It  crystallisua  rcatlUj 

«ni 

«K  slightly    eflloroomit :    Mb 

!■  ■    1    ■ 

^  cttT  vairr  of  oryttallizatiou ;  if  i 

!■ 

llOti  i 

•Jt  coutaiii  48-7S  of  Vktcr. 

C.I- 

' '       ■■  rfiomtiic  prisnu,  wtlb 

1 

.  wlicti  lieaird  Ui  13 

V 1 1 

iltizeil  nuljihate  of  mafm 

'  1  ■ 

.:,  I  >i   »   tempiinturc  bdnw  g| 

1  ■ 

ii  400°.     Tliift  Iftit  atom  naJ^H 

.  'ii*  ulE.Miuh  an  •ul|>bate  3 
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„-0,  }ii\+6A<iisj4^^ 
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Hill,  Kntt  Molultle  in  alcolio] ;  it  crysUltixeft  vith 


^ 


:  or  SIaoxbsia  (irgO,CO,tt42;  Sp.  Gr.  yos6) 
'  itrA,  amorphous  mineral,  called  matpu* 
■  -iy  l)f  prvcipitotiDgK  lioiliiigtoIuUonof  ft 
lib  cnriiODiite  of  pot4islt,  aud  dUsolriug  tbo  precipu 
acid  water ;  u  tbc  gna  escapes,  tbe  salt  is  depo- 
]rat(\  iu  transparent  heiagoiial  prisms  (MgO,COj 
CxiiMure  to  air  tbe  crystals  elBorcscc  and  arc  coii' 
Jt  prototiydrate  (MgO,CO.j-f- Ac)).  Tito  anbydrons 
ay  bo  obtainol  by  iotroducing  a  test-tube  containing 
tal|)hAte  of  magticoia  into  n  strong  glass  tube  con* 
(if  carbonate  of  soda,  scaling  the  tube,  and  then 
Aolutioits  to  mis.  Crystals  of  carbonate  of  mag- 
slowly. 
wt&a,  the  oommon  white  magnesia  of  the  shops,  is 
;ipitating  a  boiling  solution  of  tho  sulphate  of  mag- 
sriliiliou  of  carbonate  of  soda.  Hie  sulphate  of 
allowed  to  remain  slightly  in  excess,  otherwise  the 
inlainii  a  little  csrhonatv  of  soda.  It  is  deposited  as 
It, bulky  powder,  which  is  composed  of  hydrate  of  raag- 
iO.MgO)  comhiiii'd  with  a  ipmntity  of  liydratcd  carbo- 
IgO,  CO,+  A*)},  the  amount  of  which  may  vary  fiom  2  to  4 
a  I  atom  of  tlic  hydrate  of  mo^ioia  ;  it  is  very  sparingly 
in  water.  A  (jnautity  of  carbonic  acid  is  expelled  from  the 
I  during  the  preparation  of  this  compound, 
bmi/c,  vhen  it-n  structure  is  crystalline,  uitially  conusts  of 
Ub  uf  magnesia  and  carbonate  of  Hmc  iu  the  proportion  of 
bf  eoidi  (MgO,CaO,  2  COj),  though  some  times  tbe  proportion 
Bnale  of  lime  eun^idcrably  exceeds  1  ntom.  A  solution  of 
^^iimc  decomposes  carbonate  of  magnesia  at  onlitiary  tem- 
^Hnii  thus  spring  water  originally  charged  iritli  sulphate  of  < 
j^ny  liltrattOH  through  a  bed  of  dolomite,  heeorac  imprcg- 
■^vulphato  of  magm:sia. 

^Btiafou  hm  introduced  a  process  by  irhich  a  very  pure  . 
I^rrf  Ria-;i]C«ia  is  mnnufneturcd  from  dotomito.  In  this 
B^e  Diinoral  i*  liiieir  ground  and  sifted,  and  ex|>u»ed  to 
^■br  3  or  3  hours,  by  which  tbc  carbonate  of  magnesia 
^Bmi).  It  is  then  intnxlucet)  into  a  strong  iron  e;,'iiriilGr 
Plrieitd,  whore  it  is  mixed  with  water,  and  carbonic  acid 
breed  in  under  a  prcwurc  of ,;  atmospbercs,  till  it  oeasca  to 

E;  tbe    carbonate    of   mngncsia  becomes  dissolved  as 
learing  tho  carbonate  of  linic:  tbc  clear  liquid,  «\\ca 
0  Q 
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oooUng.  Cliloride  of  magnesium  U  ddiquesoent,  uil  |it 
Iimt  uhiUt  uiidcrgoiiij;  solution  io  uator  ;  by  evft))oration  ■ 
tCQipcraturc  it  mitjr  tw  obtained  iu  crystalliuo  oectllo  viUi 
It  i»  soluble  ill  aloobol:  it  forms  double  cldufidM  with  m 
litlca  of  the  metaU  of  tlie  nlktdies.  If  heated  •troaglj 
current  of  dry  amDiODtacal  gas,  the  chloride  of  mapiea 
volatilixed,  aiid  a  wbitc  sublimate  of  MgCl,  X  U,N  it  ol 
(Clark). 

(549)      St'LrilATB     Of     'M.WKT.Slk     (MgO.SO,  ■»■  110.  $  J 

+63))  Sp.  Gr.  anhydrous,  1706,  cryst.  I'Mo. — Tliis  is  tU 
iniportMiit  talt  of  magtHMio.  It  is  msdo  in  tcit  largt  vm 
from  f«a  water,  either  by  precipitating  the  u&^e&ta  lij  nj 
Msav,  mid  thcu  dituiolviiij;  it  in  i>ul|ihunc  aeiil ;  or  by  lint  oryn 
out  the  greater  part  of  tJio  common  salt,  after  wliicli,  on  cnM 
cryetaU  of  the  «ii]{iUjtte  art-  oiitaiiicl.  The  Kulphttte  t«  iU 
cured  in  couiiidcrabli;  quantities  froui  magnceiaii  hmdod 
rock  is  burned,  tlnked,  aad  largely  wrnsbod  with  wfttefl 
move  part  of  the  lime ;  it  Ia  tbeu  treated  with  Kulpbmj 
and  the  sulphate  of  magutxi*  i«  aeparaU'd  from  the  m 
soluble  sulphate  of  lituc  by  solution  auil  recxyitUllicitioaJ 
alco  obtaioed  iu  couNidexable  (|uunlity  from  the  motlicr-liij 
the  alum  vorks.  Sulphate  of  oisgiieai*  ia  n  conimou  iiij 
ia  mineral  waters.  Its  trinal  namo  of  Bptom  tolu  ial 
from  the  circumstance  of  its  boi»K  abuudaotly  oontaincd  I 
BpnitgH  iu  tbc  tiei){h))Murho<Kl  of  EjMom,  Irom  tiie  wateia  4 
it  was  at  ouc  time  obtained.  Sulpluite  of  magacna  ■•  mI 
3  tiuiCM  itH  ir^ught  of  water  ttt  60°,  and  1  j  at  iij°.  Ilaj 
has  a  bitter,  disgusting  taste.  It  ciyatAlliwia  readily  1 
rhofubic  prisms,  which  are  slightly  elUoresceot:  ■hol 
moderately,  they  lose  their  water  of  crystallization)  if  IM 
iutcusr  and  long  continued,  a  part  of  the  acid  aUo  caaMJ 
parts  of  the  crystallized  aalt  cotitaiu  4^(7^  of  water.  Iu 
lized  from  a  Iwt  solution,  obli<)uc  rliombic  prisms,  Willi  d 
de|X»itod,  and  the  ordiuary  crjuuds,  when  Iieautl  to  ti^,\ 
opaque  and  low  1  At).  CryMtallir.ed  aulpbati*  of  it>a(ueda 
of  its  7  atoms  of  water  at  u  letDiwnture  ti  '  -  — "i 
retains   1  atom  etou  at  400''.     This  laat  Kti>  1 

by  ail  c^iuivalcnt  of  an  aiiliydroua  salt,  Mich  a«  sui, 
with  which  it  furiiiA  a  double  mIt.  -■.--  -t    f  ■'  ( 

form   as  sulphate  of  uuigncsia 

sp.  gr.  2*076.     Sulphate  of  aiiiDionia  i'unna  wiib  ii<c  mm 

magiiMla  a  similar  double  salt  I 

KiiKATK  or  MAaKKsiA  (MyO,  NO(4-6 Atis;4fSi]l 
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deliqnnceat,  nod  soluttU)  in  alooltol ;  it  cryaUllius  witli 

i)  CttinoXATBor  MAONEfiA  (MgO,COj  =  43;.S/>.  Gr.  3-056) 

as  a  white,  bard,  ainorphiiuB  mineral,  called  maffite- 

uriNlurtiticiallybj^  precipitating  u  trailing  «u)i)tion  of  n 

■tocsin  with  carbonate  of  potafdi,  and  disaolving  the  prccipi* 

carlmnie  acid  water )  as  the  gas  escapes,  the  valt  is  dcpo- 

s  It  tcrliydrate,  in  trau»|Nuvnt  hexagonal  pmmH  (.MgO,CO, 

) :  hy  cxjKniirc  to  nir  the  ciystals  effloresce  and  are  ooq- 

inlo    a   protolij'drate   (MgO,COj  + Aq).      The  atihydrous 

may  he  obtained  by  introducing  a  teet-tubc  containing 

tif  aiilphate  af  magnoiu  into  a  strong  gl^sn  tube  con- 

BoliitioH  of  carbonate  of  soda,  scaling  the  tnbc,  and  thca 

thri  two  Mlnlions  to  mis.     CrjtttaU  of  cftrbonate  of  mag- 

dcjio^iti-d  sloffly. 

■twain  alhci,  the  commoa  white  magnesia  of  the  shops,  is 

prccipitatiog  a  boiling  solution  of  the  eulphnte  of  mag-  < 

a  hut  solution  of  curbunate  of  soda.     The  sulphate  of 

ta  allowed  to  reoaain  nlightty  in  excess,  othorwiso   tho 

cotttnins  a  little  carbonate  uf  Hodn.     It  is  deposited  as 

i^ht. bulky  jtowdcr,  which  is  compoicd  of  hydrate  of  mng- 

J,MgO)  eomhinod   with   a  qunutity  of  hydrated  carba- 

3,  COj  +  Ai]),  the  amount  of  which  may  vary  from  2  to  4. 

I  atom  of  the  hydrate  of  mngneiiia  ',  it  is  very  Bparin^Iy 

in  water.     A  <iuantity  of  cai1)ODic  acid  is  expelled  from  the 

dtiring  the  preparation  of  this  compound. 

ilr,  when  ita  structure  is  cr^'^tallinc,  usually  eonM^itt  of  .J 
te  of  magnesia  and  carbonate  uf  lime  iu  the  proportioa  of  ' 
of  each  ( NlgU,OaO,  2  CO,),  though  aomc  times  tiic  pro[>ortion 
e  nf  lime  considerably  exceeds  1  iilom.     A  solution  of  ■ 
lime  decompoAca  carbonate  of  mngncsia  at  ordinary  tern-. 
I,  ami  thus  spring  water  originally  ehiirgcd  with  sulphate  of 
|r,  hy  fillratinn  throt^h  a  bed  of  dolomite,  become  impreg- 
th  hulphatc  of  magnesia. 

Pattinwiu  haa  introduced  a  procoas  by  which  a  rery  pure 

tc  of  ma^csin  is  niannfncturctl  from  dolomite.      In  this, 

the  mineral  tfl  finely  ground  and  Hifted,  and  eic)H»ed  \.o<\ 

I  for  3  or  3  hours,  by  which  ihv  carbonate  of  maj^Msil 

pOM-d.      ]t  \»  then  inlmduocd  into  n  strong  iron  cylinder! 

ith  Ii-ad,  xhcre  it  i«  mixed  with  watcrj  and  carbonic  acidi 

arMd  in  under  a  preMurc  of  5  atmosphcrct,  till  it  ceases  to 

rt     '       '<     t-jrbonntc    of   mtiirncsia  becomes  distolrcd  a* 

a    _         <  I'g  the  cnrboiiitlc  ul'  Iniic :  the  dear  liquid,  vCwtA 

0  o 
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ibo  carbonate  of  magnesia,  itlticb  is  dr 
at  a  low  tcmpcratnre- 
Bjr  mamig  a  solatioti  of  nitrate  of  magnesia  with  an  i 
I  jolntiou  of  bicaibonate  of  potaah,  anit  alloving  ' 
I  itatHl  for  some  days,  a  reniarkalJe  doulik  lott  it  < 
rcnritat*,compo6Dd  of  [i  (>I|^,CO,}-f  (KO,  IK 
■*t  A4{],  but  ahich  i*  dtMsmpoacd  by  ro-diatolviug  it 
TW  conraponding  aolt  of  foda  is  more  atablc 

A  naiiio  Borate  of  Maffatria  {2  (MbO,BO,)  +  (M^,i 
ta^gd   iuraale,  i»   fouutl  crystidlizcd   in  cuIim  ;  it  b 
fhelnebjr  heat. 

(551)  SiLicATn  OP  Marxuu. — Silica  and  magoaia 
aMifiiiiaUj  combiucd  in  inaay  proporlioDs.  A  largo  no 
!  formed,  vither  wholly  or  partially,  of  tbe  Btl 
Oliriif  or  chr^toiUe,  2  (M|;Ke)0, SiU„  i*  a' 
.  ■aeaJ,  usually  of  a  gmni  cvlour,  ubtainvd  frinu  li 
racks  ;  it  freqiietiily  awonipniiin  tiiaxac*  of  mc 
is  a  very  soft  sUty  mineral,  wliicti  lias  a  formula  [i 
SKV  +  3  MgO,  3  SiOJ.  Sti^ite,  French  Vhalk,  or 
(UgO,  SiO,  +  3  Mgt>t  3  SiO.).  Picntmiut  is  tlie  norma 
z  ^UcOiSiO,)  +  Aq.  Meerfc/untm  t«  imotlier  hydmted 
vbcfa  tbe  tormtda  is  j  MgOj  SiOj+4  Aq.  Serjteniine  (j 
0,Si<\]  +  MgO,  1  Aq)  is  anotber  hydrntcd  nticnio  of  1 
a  (lorliMii  of  Die  magnesia  is  ofteu  displaced  by 
Scrjtcatini.'  frequently  occurs  in  compact 
«  bigh  polish,  and  from  the  beauty  of  it)  variegat 
il  •  oAn  employwl  fur  omamrntsl  pnqiOHCs.  It  is 
bgr  acidit,  aud  occurs  in  ^ifScinnt  slniiirliuio;  co  I 
a  WMm  of  tlic  salts  of  magnesia. 
1W  Jaabla  silicntcs  of  mogneaia  arv  atill  mi' 
or  fj/nnnf  i*  one  of  thcM :  it  is  a  cij-i 
4thM  iMwal  IB  boMiIt  and  lam,  and  is  a  &i]icat«  nf  lime 
ipwak  laMtaaaof  wliicli  )u\»c«  arc  ofi'  .  "  ' 
uwt  w«*  aMiscaMsc  ;  tCaMgFtMii)<), 
fr  iwto  aud  aluminate  of  niagi>csia,  litno,  and 

•  variable  \ir  ■   :'     :'  1   1 ,  ' 

It  occurs  wHiictimc*  m  dark  green  or  Uaci  j 

' ■'''    '  ■  '    '  tiiruugb  Qiany 

.  in  IniMilt  =tii1  !* 
I  of'  a  fitij 
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e  tuft*  of  *i:c-!iii)e<)  aHcular  pn^ni*,  nlicn  a  solution  of 
■B   ntt    is  mixed   with   the   ^olutiou   of  the  oommou 
Ute  of  aoda. 

faBMFIIATK  fir  MAONKStA  -IND  AUMOMA  (3  MgO,  H^NO, 
|RA<{=  137  +  loB),  or  fripff  phosf/hate,  a*  it  nu  formerly 
Ti»  a  nore  important  cotnpoiiDcl  than  the  foregoing  oue.  It 
mnA  by  mixing  )i1in>i)ihiitc  of  »o(U,  minginl  with  chloride  of 
ftiuni,  witli  II  salt  of  magnesia)  by  agitatioD  this  compound 
gsited  in  minute  crjistalUue  grains:  it  furnishes  a  very  dc)i> 

I  of  tbc  )>rL-ienoe  of  magnesia ;  it  is  insoluble  in  water  con- 
fic  ammoiitft  or  muriate  uf  nniinonin,  but  it  n  taken  ap 
bible  qimntities  by  pure  water.  It  is  froquciitly  met  with 
tiluetit  of  urinary  rnlcuH,  butli  in  man  and  in  the  lower 
hi.  PhiMphnte  of  moj^nesia  and  ammonia  ia  readily  soluble 
!■  ;  ammo^iia  prccipitalcs  it  from  such  solutions  unehangcd ; 
igiiiteil,  it  {Mirts  with  its  water  and  ammonia,  and  glows  like 
la  niid  leircouia  as  it  suiMcnly  coutrnels  in  bulk.  The 
lie  contaiiui  33'7  \xt  cent,  of  magnesia,  and  643  of 
t»  .idd.  It  is  frcquciitlr  employed  for  the  determination 
>unt  of  magnesia. 

:  CuAitiCTExs  or  the  Salts  or  MAONEsitru. — Tlie  salts 

Itutn  arc  coIotirleK»,  and  have  a  bitter  taste.     Many  of 

sian  iiiincrals  |)o»sess  a  silky  lustre,  and  feci  unctuous  to 

Compoutuls  of  niugneMia  may  be  recognised  b^vrt  the 

[by  the   piuk  tinge  wlticb  they  acquire  when  heated  with 

cobalt. 

lation   tber  give  no  precipitate  witli  the  bieafbonalet  of 

tin  boiled ;  but  n  wbitu  basic  cstrbouatc  of  mogncMa 

with  a  neutral  carbonate  of  putush  or  tioda,  unless  a 

^mODia  be  prmcnt,  wbich  interferes  with  the  precipitation. 

'  0/  ammonia  jfivi-s  nitb  them  a  white  erystnlline  granular 

of  double  phosphate  of  magni.-sia  and  ammonia,  nliich 

>)uble  in  neids.     Otaiate  of  atamonia,  mixed  with  «b1 

III)  precipitate  with  tbc  magDCsioD  talti,  ucither 

ipAalfi.     The  Jijvd  alkalies  tlirow  down  a  white 

hydrate  of  tbe  cartli,  which  is  insoluble  in  excess  of  the 

It.     Limf  voter  produces  n  similar  preeipitnte.    Ammonia 

Tbot  a  *ery  incomplete  precipitatiou  of  magnesia  from  its 

,;  tlic  gelalinons  precipitate  which  it  oceanoos   becomes 

uii  tl,  III  i>f  a  solution  of  hydrochlorate  of  am- 

hd  a  d'l'i  '    "f  magncxia  ami  amniunia  i^  formed. 

(UAKALTcns  or  THE  .MeTALH  or  rat  FinsTCiuoc?  U\\c 
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Alkftlies). — ^Tlte  »iU3  of  thc«c  metals  wlicn  in  solution  arc 
gaislied  by  the  following  cliaracUirx: — i.  By  Uie  abM-iice  of  «i 
precipitate  on  tlie  aclditiun  of  »  eolutiou  of  carboaate  of  potash,  i 
of  todft :  iu  the  cnifv  of  lilUium,  if  tJip  «aU  e»H'cil  two  per  ceat.  i 
the  aolution,  a  precipitate  of  carbonate  of  litbia  ia  liable  to  occni 
—2.  By  the  abmnicc  of  uuy  precipitate  vrhcii  itulpburcttcd  bydro^ 
or  liy<ImAi]lptiate  of  ammonia  is  added  to  the  xolutioii. — ^.  B 
tbc  occurrence  of  u  precipi(itt«  with  bichloride  of  platinum  iu  th 
case  of  aaitx  of  ammonium  or  of  potassium ;  and  by  the  formatioi 
of  prismatic  ciystaU  of  tliu  double  chloride  of  sodium  and  pla 
tiuiim  when  c\*ai>onited  in  tlie  presence  of  udts  of  sodium. 

(555)  Eatimalion  of  Putanh  and  Soda. — If  ilic  relative  pro 
portiunn  of  tbc  potash  and  soda  be  not  reqiiirt-d,  their  cDDf 
biued  weight  is  usually  ascertained  in  the  form  of  suli>liat«a 
They  may  in  most  cases  he  readily  obtained  in  tins  conditkn 
by  treating  the  solution  with  sulphuric  acid,  eva{>onittuj;  t^ 
drj'ness.  and  fusing  tbc  mass  in  a  platinum  crucible  iu  whidil 
fragment  of  carbonate  of  ammonia  is  suspended.  Tbc  nceH 
of  sulphuric  acid  is  thus  readily  dissipated,  and  tltc  aotoanl 
of  the  acid  combined  with  the  potash  ami  aoda  is  dctcrmiDcw 
by  precipitation  with  chloride  of  barium.  When  ammouia  a 
pre«<:nt  with  salla  of  potash  and  soda,  its  amount  may  be  dc' 
tcrmincd  by  distilling  off  the  ammonia  in  the  manner  alreadj 
descrilied  (522). 

In  Older  to  dctermiae  the  quantity  of  potash  and  soda  in  1 
mixture  of  the  saltA  of  the  two  bases,  they  should  be  converted  inti 
the  state  uf  chlorides,  and  heated  to  low  redncaa  to  expel  moiston 
and  all  ammonincal  »a]tt,  allowed  to  ooot,  nud  weighed;  a  ctrtaii 
proportion  of  tlieHc  mixed  chlorides  (ten  or  twelve  grains  will  suffice 
is  then  mixed  with  an  excess  of  the  bichloride  ofplatiuum,  era{)onite 
to  drytiCNi  over  a  >team  bath,  and  the  cxce^a  of  bichloride  of  ptatiuuo 
and  chloride  of  sodium  removed  by  wa-shing  with  alcohol  of  speci£i 
griivity  0H60.  The  crystalline  residue  id  collected  on  a  filter  aiu 
«ei;,'hed.  One  hundred  piirts  contain  30-53  of  chloride  of  potiu< 
sium,  aud  correspond  to  ij'98  ofpotassinm,  or  to  Iy'i6  of  polaih< 
The  <iuantity  of  chloride  of  sodium  is  obtainod  by  deducting  tlx 
weight  of  the  chloride  of  potassium  from  that  of  the  mixoi 
chlorides  cm|ilo)ed, 

i55^'}    ''''*^  conversion  of  the  alkaline  bases  into  the  condition 

of  chlon(le-«,  prevlnns  to  precipitation  by  the  bichloride  of  platintmii 

if  they  arc  not  already  in  thsit  form,  is  rather  trouhleMime.    Tke] 

iuay  bf  fint  converted  into  sul^ihatea  l>y  eva|)i)raling  the  solation 

with  n  sJiglit  excess  of  »u\v\%ttnc  ucii  ^wi  N^v^wi^  <Jae  residue; 

Jre  «uJj)liatc8  thus  oUauied  are  to\«  AawJwk&'to.  -wWot  <(sA.\iiai 
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•nliiUoa  of  ctiloridc  of  barium  in  alight  excess.     Tlie  fiiil- 

acid  is  Utiifl  j>recipit»lc^    m   nuljilintv  of  bwyti,  and  ihc 

mrt  coiivcruil  into  cbloridee;  but  the  excess  of  bv^-ta  ia 

must  still  be  gtit  rid  of.     A  mixture  of  caustic  ammonia 

Kvquicarbouate  of  ammooia  in  therefore  added  to  tbe 

after  it  has   been  filtered   from  the  Hul|)hate  of  barjrta. 

of  bwryt*  is  thus  throira  dowu  as  oirWnatc,  atid  the 

of  biiryto  may  tbcn  be  removed  br  filtration.     Onec 

It!  MoIiitioQ  ia  evaporated  to  dryness  in  a  (ilatinum  diiili,  and 

gently  ignited   to  expel  the   ammotiiocal  ssUta,     The 

lass  DOW  coiilaiua  uothing  but  the  iiiiied  cidorides  of 

))otastiuin. 

7)  Cbaracters  oi*  tub  Mktai-s  op  ini:  Secosd  Onour 
of  th«  Alkaline  Earths): — i.  The  salu  of  tbcso  tuetaU 
solalitm  give  a  while  procipitntt;  on  the  addition  of  solution 
lUiUo  of  Hoda  or  of  potash. — i.  They  yield  no  precipitate 
droaulp)uit«  of  ammonia  nor  with  sulphuretted  hydrogen, 
lie-water  occasions  no  precipitate,  except  in  cases  in  ivhich 
lOsiau  salt*  are  prcseat,  or  in  which  the  solution  contains 
ic  acid, 

ScjKiration  of  the  Atkatme  Earths  from  tht  Alkalies, — 

ig  a  sotutioQ   to  contain   salts  of  the  »ll(alie»  and  of  the 

earths,  the  quantities  nf  cAch  base  may  be  determined  ia 

iiig  manner: — an  exce»  of  •  mixture  of  ammonia  and 

bonaU-  of  ammooia  is  added  to  the  solution,  the  liquid  is 

from  the  i)rGcipitate,  then  evajxnwled  to  drynejw,  and  heated 

I  the  ammoniacal  talts;  the  ammonia  thus  combines  with 

previously  in  union  tvith   the   e^rthx,  \vliil»t  tbe  carbonic 

TcrtB   Ihc  earths  into  carbonates.     The   dry  residue  ia 

bed    with   water,  which  dissolves  out  the  xalts  of  the 

;  and  from  tiiis  liquid  the  proportions  of  potash  and  soda 

Baccrtaiiicd    En   the  manner  already  described  (55^).     .\ 

ignraia   is  apt  to  accompany  ttie  xalts  of  the  alkalies  :'  its 

may  be  detected   and  its  <iuantity   determined   by  the 

of  lime-irater  to   the  solution;  hydrate  of  magnesia  ia 

iimI   miiy  be  oollected,  weighed,  and  atldetl   to  the 

iicd     from    the    portion    which    was    insoluble    in 

The  precipitation  moat  be  cfTcctcd  in  a  stoppered  bottle, 

'   acid  of  the  atmiwphere,  which  wotdd  pre- 

M  Mie  nith  the  ma{;[icsin.      The  cxccm  of  lime 

rid  of  by  thi!  addition  of  oxalic  acid,  which  occasions 

1  ■        of  lime  that  can  be  separated  on  u  filler, 

I      iL'd.     The  cartliv  caibouutvs  must   uovi  \iz 

ia  the  fcJJiJiru^g-  mauaer : —  


low 


I  JpA 


4M     BEFA1UTIDK  OF  THE  AtKALINE  EARTHS  rROU   tJtCU  OINEK. 

(5,19)  Separation  0/  Barium,  i^lrontium,  Calaum,  and  Mei/- 
nttium/rom  each  other. — The  alkalies  baring  becti  sepuratctl  in 
the  mat) ncr  j list  described,  the  rarbonates  of  tlic  cnrthK  nliidi  ia 
the  preceding  operation  were  not  dissolved  bv  water  are  taken  up 
with  diluted  nitric  ncid,  aud  tin;  liquid  is  largely  diluted.  Sul- 
phuric ncid  ia  then  added  so  long  aa  it  occiiaioiiit  a  preeipitate. 

If  the  liqnid  ori(;iiiallT  contained  no  alkaline  salts,  it  will  not  be 
nccCitSAry  to  convert  the  curlh.t  into  curhonutes,  but  the  solulkm 
may  be  simply  diluted,  acidulated  with  nitric  acid,  and  mixed  vith 
sidphnric  acid,  as  before. 

This  precipitate  may  consist  of  the  sulphates  of  buyta  and 
KtrontiA.  It  must  be  collected,  ymshcd  wilh  Iwiliug  water  sod 
weighed,  then  fused  with  thrice  its  weight  of  cavbonate  of  toda, 
by  which  it  will  be  diwoinpwxl ;  double  dccompwition  ooeut^ 
carbonates  of  baryta  and  stroutia.aud  sulphate  of&oda  being  formed. 
The  ciirboiiutes  of  buryta  aiid  xtroutia,  being  iD»>luble,  are  »epa* 
rated  from  the  soluble  sulphate  of  soda  by  washing,  uud  the  ch< 
bonates  of  the  two  earths  arc  converted  into  chlorides  by  the  adiuci 
of  diluted  hydrochloric  acid.  The  chlorides  of  bounnm  and  ntroa- 
tium  arc  evaporated  to  dryness,  weighed,  and  may  tbcu  be  scparvWd 
with  tolerable  exactiicKH  by  tlie  action  of  alcohol,  which  dia^olvM 
the  ehluride  of  strontium,  but  leaves  that  of  barium  unacted  upon- 
Silicoiliiortc  acid  may  alra  be  employed  to  separate  the  two  earths; 
in  the  course  of  two  or  three  hours  the  whole  of  the  ha*)" 
prucipilatcd  by  it,  whilst  the  etruntia  remains  in  solution. 

The  acid  liquid  from  which  the  baryta  and  strotitiA  have  been 
i^eparatcd  is  ruudcred  slightly  alkaline  by  ammonia,  and  the  lime 
precipitated  as  oxalate,  by  means  of  oxalate  of  aiunionia :  Ibis  ^m- 
cipitate,  after  being  well  washed,  ia  heated  to  dull  redness,  iii4 
is  estimated  as  carlxinate  of  lime.  If  the  proportion  of  magneot 
be  laige,  a  little  of  the  lime  is  retained  in-solution. 

The  tiltrale,  which  niny  still  eoutaiu  magnesia,  is  mixed  niik 
pho^hatc  of  soda,  briskly  stirred,  and  allowed  to  stand  for  twdie 
honrv,  to  give  lime  for  the  grnnulur  crystalline  phosphate  of  maf 
nesia  and  ammonia  to  subside :  it  is  collected  on  a  filter,  washed 
with  wutcr  which  contsiins  free  ammoni«,  and  estimated,  afttf 
ignition,  a!>  pyrophosphate  of  magiic*iii. 

(j6o)  It  will  gcucrully  be  found  more  conreoient  in  separating 
the  alkaline  earths  from  the  alkalies,  in  the  first  place  to  predp- 
tatc  the  baryta  and  atroutia  by  sulphuric  acid  from  the  dilute 
acidulated  solutiou  ;  then  to  nentralixc  by  ammooia,  and  scpanta 
the  lime  by  the  addition  of  oxalate  of  ammonia ;  to  evaporate  the 
olutioa  CDtitaiuiiig  magnsaia-  a^^  ^Vo  «!Asa^\K)>  Nm  ^rj\iKn,  beatiug^ 


E 

^B*  of  snimotiiik ;  tbcii  to  redlssolve  the  rniilup  in  wAter, 
^k  iIm;  wliolc  of  tlie  tiiaj^esin  nt  viifv  liv  t)ii^  mlilttion  of 
«f  in  B  itoppered  bottle,  in  tbc  maaiiir  already  described, 
uin  [trccautioRB  in  manijiulation  arc  rctguircd  in  trnndforring 
1  u>  &  iiltur,  in  ordt- r  to  muid  Iiws.  In  pouring  a  liquid  from 
•I  to  another,  a  glass  rod  should  be  uointened  with  diHtillcd 
d  brougbt  BgainKt  tbc  edge  of  tbe  vessel  from  irhich  the 

to  bepoored,  as  slwnu  in  fig.  319.  B5  this  means,  when 
(Uj;  n  eodnl,  if  the  rod  be  still  kept  in  contact  with  tbe  edgc^ 

drop   is  prevented  from 
down  the  ontudc  of  tbc  I^'o-  3<9- 

siit :  the  rod  may  then  bo 
■  the  rOMd  unitl  a  similar 
|rtt  Bgaio  re<iiurcd.  After 
Hf  the  liquid  bas  been 
B^   tb«     portion     which 

to  tbc  rod  aud  to  tbe 
ibe  vcauel  in  waKhrd  down 

of  water  from  the  wash- 
c,  fig.  320,  and  the  wiwh- 

wlded  to  tlie  rest  of  the 

lii(uid. 
In  washing  precipitates,  tlie  use  of  a  flask  provided  with 
•  paffsing  through  Uic  cork,  as  rcprc- 
I  Rg.  320,  fscilitatea  the  o(>eralion. 
,  a,  pamtifl  just  through  tbc  cork ;  the 
■be,  6,  reaches  almost  to  the  bottom 
ik ;  it  terminates  at  c  in  a  Rao  orifice; 
tg  «ir  from  the  lung*  through  the 
UtR  water  is  expelled  at  c,  and  may 
■ctl  upon  the  filter, 
a   QfcuswLry  that    the  filter   should 

^ciy  within  tlie  fitniicl,  and  that 
of  the  liquid  for  tiltralioit  is 
Into  it,  the  i«pcir,  after  it  Iws  been 
]  the  funnel,  ^honld  be  moistened  with  ilintillt-d  water, 
prccifiitatc,  the  stream  of  water  should  be  directed 
pper  edges  of  the  filter,  so  aa  to  wash  down  tlic  nlino 
hicli,  by  cra()orat)uii  of  the  liquid,  have  a  tendency  to 
tbere   as   tbe  solution    ri^es  uudcr  the  iuflueuoe  of 
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'  gelatinous  prmpilates,  like  oxide  of  iron,  or 
H-juhed  continuously  for  a  lung  period,  a  nm^ 


^ 
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oontrivftncc  hj  Giiy-Lu»MC  vrUl  be  found  very  usefnl ;  it 

a  bottle  or  distilled  water,  a,  fig.32i,«hicb  by  mtuatct 

supplic*  the  wKtcr  Bt  n  rcgtilntcd  level  in  the  fuuDcl,  rf 

Beats  >  tube   oiiea   at  both  eiida,  wliich    mcben   ncai 

botlon 
Fio.  jit. 


lower  end  of  e.     Under  theae  circmnstonca  the  Alter 
I  overflow.     Ak  soon  m   the  surfaoc  of  the  liitiiid    in 
fiklls  juAt  below  the  level  of  the  lower  extremity  of  i, 
carricK  over  u  sninll  qtiatitity  of  water,  and  babble*  of 
[the  botUr,  a,  to  supply  its  place.     Tliis  proccsa  goes  0 
'onsly  w  tlitt  wBtvr  flou-)t  trum  the  ftlUT,  until  a  »  empE 
In  order  to  ascertain  whether  a  pi«cii>itate  hu  been 
wn*h»l,  a  drop  of  the  liquid  which  pOMCS  tin 
a  ftlip  of  t;lEt8S  1  it  oitght  to  leave  no  a(i|iTOci:' 

In  collecting  a  preciiutstc  from  a  &\tm,  tbo  paf 
ho  dried  tlioroujjhly  ;  after  which  lW  portion  that  can 
(lelaehod  from  the  (uipcr  should  bo  alluw«)  to  fall  into 
DOm  or  porcelain  eap»tJc  in  wbtcb  it  it  intiwded  to  p 
ignition.  The  eajuule  ta  to  br  plac<'d  npoti  u 
ipcr,  and  the  tiller  being  held  nt  one  conx 
IbrcopM,  u  bunicd  in  Buch  a  way  that  the  oiba 


ptatiuuiu  CRiMuIe :  aii> 
iWtattcfully  tnii 


^  of  uh  nbicb 
to  the  cap*tdc. 
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It  muBt  not  be  forgotten  that  filtcriiig  paper  itself  leaves 
traces  of  aah  when  burnt ;  but  the  amount  of  tliis  in  good  specimens 
thould  not  exceed  about  3  grains  iu  1000.  Before  using  any 
for  tlie  |)uq)OKC»  of  annly^is,  the  qiinntitj'  of  ash  (usually 
lime,  and  traces  of  osidc  of  iron)  wbicb  a  given  weight  of 
"it  aflbrd^  when  burnt  taunt  l)c  nvecrtiuncd.  In  each  analytienl 
cspcrimeot  the  weight  of  the  GUor  employed  being  aiiproxiinatively 
known,  it  is  easy  to  estimate  the  amount  of  ash  nhicb  it  would 
yield  (at  moat  but  a  few  Imndrcdtha  of  a  grain]  and  to  deduct 
thi»  from  the  grou  weight  of  the  {irccipitate. 


CHAPTER  XIII. 

OROirr   III. — METALS    or    the    EARTHi, 

§  I,  Alvminvh  (AI=i3-7).   Sp.Gr.  2*5  to  zSj. 

(562)  Thk  pure  earths  are  white,  insipid,  inttolnhle  com- 
pounds, the  oxides  of  metals  which  possess  a  bigb  affinity  for 
Oxygi^n.  With  the  exceiitiou  of  cerium,  und  lanthanum,  which, 
with  didvmiuni,  would  probably  he  referred  with  greater  propriety 
to  tlie  next  group,  a  single  oxide  only  of  each  metal  of  this  class 
ii  known. 

(563)  Of  thcw  metals  the  most  abuiulnnt  and  important  is 
XLCMiscn,  which  derives  its  name  from  alum,  into  the  compo- 
sition of  which  it  enters.  Indeed,  alumina  (the  oxide  of  atumi- 
Dtun)  constitutes  about  10  per  cent,  of  this  salt. 

PrcparalioJi.~i.    Aluminum   was  first   procured  hy  Wiihler, 
by  decomposing  ehlondc  of  aluminum  in  a  jiorcelain  or  platinum 
labc  by  means  of  potasnum.     lie  obtained  it  first  as  a  steel-grey 
powder,  and  t>ul>i(e<iuently  in  malleable  globulc^i.      in  the  pulve- 
rulent  form  it  is  gradually  oxidized   by  boihng  water,  and  more 
rapidly  by   alkaline  solutiona,       M'beu  heated    iu   this   form   in 
fclj(,i  II  gas,  it  takes  fire  and  burns  with  a  vivid  light,  cmilting  so 
^**~"  a  heat   a»  to   fuse  the  alumina,  which  forms  a  yellowiab 
BWf  in  eoloor    and    liardnc&s    resembling   native  crystallized 
Hptutdna  M  it  exists  iu  corundum, 

H  2. — Buns«u  obtains  aluminum  by  the  electrolytic  decomposition 
^p  the  double  chloride  of  sodium  and  aluminum  (NaCl,  AI^Clj]. 
^lii  salt  melta  at  about  Jj6°,  and  readily  furnisliea  a\um\ti\\m Ni'j 
^apDcrEH  fimiUr  to  litat  aire*dy  described  iu  the  culsc  ot  xaa^wt- 
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bnur  iiiitU  it   u  in  lii|iii<l  fusion,  nnil  15  tlicn  alloved  to  oool.j 
luminutu  ({encrall}-  collects  at  the  bottom  into  a  vclUfomed 
^  nhicli  ID  fntitittitly  crj-Klulline  on  iu  siirfAoe.     In  Home 
r  tlic  qiiuitity  of  rvHueed  metal  amouuted  to  one  ttiird 

Kill  prvmnit  in  tliv  minvnil  i^mptoj-nl. 
^)  Priptrtitt. — As  preparett  by  Dovillc's  proccsa,  alaminam 
iUt  RwUoRhle  DDctAl,  iivarly  rr««inbliiig  xinc  iti  colour  nixl  hard- 
It  may  bo  rolkd  iuto  very  thin  foil,  aud  admits  of  being  dran -q 
U  wire ;  after  it  hm  bccD  rolled,  it  becomes  mudi  liarder 
bro  clastic.  It  conducts  electridty  nearly  aa  well  as  silver. 
•UDi  in  romarkidtly  Boiiorous,  aad  emits  a  dear,  iniuieid 
■hen  struck  witb  a  hard  bo<lj.  Ftised  aluminum  crystal* 
■ilily  BH  it  L-ooN,  apparently  in  regular  octoh«dr&;  its  point 
bu  16  liclovr  tliat  of  silver.  It  nuiy  be  heated  intensely  in 
■at  of  air  in  a  tnufile  without  tiudet^oiog  more  lliun  k 
pal  oxi<lalion,  aud  it  is  but  slowly  uniilizcd  irben  heated  to 
pcMi  ill  an  ftttnoephcrc  of  st^ara.  When  tlirowu  iuto  fuied  ' 
jliara*  vitb  a  brilliant  hlitv  light. 

kric  arid,  whether  concentrated  or  dilnted,  is  witliont  action 
|aiotDiini  at  the  ordinary  temperature,  and  disHolvc"  it  very 
■vca  when  boiled  u|>on  the  metal.  Hydrochloric  aeid,  on 
krary,  both  vhcn  concentrated  and  when  diluted,  attacks  it 
L  luriuiujf  chloride  of  aluminum,  whilst  hydrogen  is  diseti- 
I  SolulJuiiN  of  the  alkalii-s,  oipcciully  when  nidcd  by  bent, 
pole  oluniinura  with  eucrjcy,  producing  alumina,  irhich  is 
Id  by  tbo  tdkalinc  solution,  whilst  hydrogen  %o»  is  liberated. 
Its  liKlitucss  and  iimltfrahiltty  in  the  air,  aluminum  has 
Hilii.<d  lu  the  preparation  of  small  weights:  but  some  difli* 
I  experienced  in  working  the  metal  for  want  of  a  suitable 
I  It  is  oocasionully  used  fur  ornamental  articles. 
iBtuuDi  readily  formii  nlluys  with  co]i)icr,  silver,  and  iron, 
BUT  liu  melted  with  lead  without  any  combination  between 

-  liiking   place.     Its  alloys   with   copjicr  are  rery 
ptihlu  of  a  high   polish  ;  they  vary  in  colour  from 

it  yellow,  ncooixling  to  the  proportion  of  the  two 

mum  al>o  combines  readily  with  carlton  and  silicon, 
r    pjL  ,,  :'iU,    granular,    brittle,   and   crystalline   toin{)OunilH, 
■rw  L'lit  a  considerable  analogy  to  cost  iron.     It  doea  not 
I  with  mrn?«ry. 

Jy  divided  aluminum   bums  Imlliantty  in   tlie  vapour  of 
nnd    forms   a   black   sulphide   (AljSj,   of  scmi-melallic 
iw,  whi'jh  is  rapidly  decutnituHi-d  by  water,  with  fortoatioD 
r    c  ff  uliiiuinu  and  suljiliurcttcd  hydrogen. 
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(565)  AtPKiKA  (AI,0,=5r5)  ;  Sp.  Gr.ef  nthy,  ^ttd 

n  tlie  only  kiiawu  oxiilc  of  alumiimni ;   100  parU  of  it  fl 

53'39  ^^  attiniiiiuin,  and  ^6-6i  of  oxygen  :  from  H*  i«ots^ 

with  the  Rcsqiiioxtitc  of  iron,  and  ita  gcucnil  rC«cnibUnc«  H 

properties,  it  \»  regarrifii]  as  •  leaquioxiite.     It  furm^  OMI 

matcriala  that  c-titcr   most   Urgclf   into   the  cotDp(M)ti(M  I 

Boperficial  strata  of  the  enrtli.     It  U  tli«  basis  of  all  tlw  f| 

of  clur,  Kod  i«  prcsnit  in  greater  or  leae  qttantiiy  in  Blnxafl 

soil.     It  oocunt  nearly  pure,  hiuI  cry)4allired  in  six-*iil«d  I 

iu  eorwvium,  m  irhich  mineral  it  hu  a  Bpceific  gmvity  m 

and  is  hard  enough  to  cut  glass.     The  te^phirt  and  the  ri 

also  composed  of  thta  earth,  tinged  vitb  a  small  i|uantity  ol 

of  ohromium.    Tliey  arc  only  inferior  to  the  diatnoud  in  hJ 

Emery,  which  from  its  hardness  is  so  largely  mod  in  gruull 

polishing,  aXUsx   it  has   been    powdered  and  levlgslcd,  i*  i 

form  of  alumina,  coloured  with  oxides  of  iron  ami  inangiani 

In  onler  to  obtnio  alumina,  it  is  sufBcicut  to  Igtiite  m 

nonia  alum  (I1,N(),S(\  + Al/)t,3S(>,-h34Aq)  inteDldH 

time ;  the  water,  ammonia,  and  stdphurie  acid  ewape^vH 

drousaiuminaislcn,  iu  the  proportion  of  1^*34  parts  of  «!■■ 

too  of  the  crystalliecd  salt.    It  i«,  however,  nearly  intiMmiUal 

the  last  portions  of  sulphuric  acid,  as  the  salt  swells  up  SMH 

and  forms  a  white,  porous,  infusible  moss,  which  is  an  cxtrM 

conductor  of  heat.     Alumina  may  aluo  be  pr>j<:ur«d  fnm 

quite  free  from  iron ;  the  aalt  abould  be  diasotved  ia  n 

precipitnteil  by  corhouatc  of  [KPtnah  in  alight  exccm:  tfl 

should  be  wanned,  and  the  precipitate  well  washed ;  hi 

traces  of  potash  always  adbcre  to  it  obstinately,  it  inuat  d 

wired  iu  hydrochloric  add,  aw)  then  thrown  down  bjr  an 

carbonate  of  ammonia;  in  which  ca««  it  fnlU  as  a  wUl 

transparent,    bulky,    gebttinous   hydrate,    which    muM  U 

thoroughly  washed.     In  this  form  alumina  is  oomplctda 

In  a  M)lulioii  of  potash,  and  is  readily  taken   up   by  adi 

drying,  it  oontiacts  very  ninch,  and  forms  a  ycllciwisli,  trJ 

mass,  like  gum,  retaining  3  Aq.     Dinrporr  ia  a  iialanll 

( ALO,  4-  Aq),  which  decrepitates  strougly  whm  beated,  aol 

povder.  I 

The  hydrate  of  aluniiua  wheu  iguitcd  Iosm  ita  waltf,  I 

L^ralain  tem)teraiure  pr<  m-anincc  "'         ''4H 

fftticc;  it  contracts  gri'i  <>mcnt  tl<  c^| 

duccd,  and  ia  afterwards  nearly  ins»lulilc  in  aritU.     n1 

nlnniiua  \t>  strongly  liyg;roico(He,  and  adhere*  lo  tbe  (Ufl 

R;>plii-d  to  it  \ 
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■4w(ure  the  oxjhvdrogen  blowpiiK-,  au<l  I'lelds  n 
ont  insM,  rLX!iiililitig  corundum.    Oitudiii  Rtotn 
■runciai  cry^itals,  bai-ing  tbe  form  aail  tuirdDcsa  of  tite  rtiliv, 
ib>  ubtaiiicti  hy  cnlnn'mg  cqiiiil  pnrU  of  siil|iUuU!  of  [lotHsb    ' 
llJuR).  anil   iulruituciiig   the   mixture  in    fine  powder  iota  a    i 
III)  Uued  with  lampblack.     Tltc  cover  is  tlieii  tu  be  luted  on, 
iTiu-ible   expOKet)  to  tbe   bi^licit  beat  of  a  forge  fur  ii 
lui  hour.     In  this  operation  the  "ulphurie  ncid  of  tbo 
of  alumina  is  exjtelled,  tbe  sulphate  of  potash  in  reduced 
lu  of  potwwum,  and  this  coinpouuil  dissolrct  a  jtortioD  of 
alumina,  de{Kj«itiiig  it  in  miuute  pmmatic  euluiulos 
f  darin;;  the  slow  cooling  of  tlie  mass.    These  crystals  may 
from  ailhering  impurities  hj'  (lt;'c«>tion  in  dilute  aijua 
liuiiur  crj'stals  have  al^o  been  obciincd  by  Devillc,  who 
in  imitatiu);  the  hue  hotli  of  the   ruby  ami   tbe 
Unmina  forms  salts  with  the  more  powerful  acids^buC 
tUlcw  are  rejulily  deooi»i)osed  :  they  all  have  an  acid  reactioa ; 
^hrd  alumina  possesses  properties  which  appronch  somewhat 
^■pf  an  acid,  for  it  has  a  atnMig  tcndeuey  to  unite  irith  biwic 
^BTIic  t/iineUe  rti&t/,  for  example,  i«  a  native  aluminate  of 
BEk    (MgO,  ALO^).  and   gahntte   \s.  an  aluminnte   of  sine 
f'  "  >.      Fremy  has  also  obtaiucd  a  white  granular  com- 
iiniina  with  potash,  to  nbich  be  a»»igns  the  formula 
Wbeu  the  sohitioD  of  alumina  in  potash  ia  exposed 
,1  atnorhH  cJirhnnic  acid,  and  a  terhydratc  of  alumina  i^^ 
in  repilar  crystals.  ^| 

iiniiiiit  when  eouibiiicd  with  silica  forms  clay,  which  is  the 
.r     '■['celaiii  and  of  earthenware.     To  the  dyer  aud   tbe 
r  tbn  corapomids  of  alumina  are  of  high  value:   the 
luminn  IthA  the  property  of  combining  intimately  irith 
.1  of  organic  matter,  and  when  mils  of  alumina  are 
'.  coloured  vegetable  or  animal  solutions,  and  precipitated 
Hiu  of  an  idkali,  the  iihiniina  carries  down  the  greater 
:  Itc  colonriug  matter,  forming  a  species  of  pigments 
By  UMiking  tlie  cloth  with  a  preparation  of  alumina, 
"■>  itHolf  to  the  fibre ;  and  if  cloth  thus  pre|iiired  be 
_  ._    iitb  of  thcecilouring  matter,  it  l)eoomoa  permanently 
cnhniritig  matters  would  be  removed  by  uaabing, 
the  iutcrvcdtion  of  MQie   mordant,  or  substance 
llirroi  to  the  fibre  aa  well  as  to  the  colouring  matter. 
'  tin  and  tboaoa(|uioxidc)(of  iron  and  ehroniiuni  resemble 
thii  rrspeot,  and  are  largely  used  as  mordants  to  dyeing 
3  woullens. 


-..ii'  of  altiKiimi 
li  in  iiydnicliloric 
,   -...'  cxptiisioii  of  til 
:f.     It  may  be 
.:;,  by  a  |irot:iss  tU 
.■;;.;!  poiviU'r,  is  niai 
:.'.  into  pellets  :  tlio 
::i'ii  exposed  to  igi 
-       .r.-.:ioii,  carlion,  in 
,  ■■.-.•.liiia  :   wlit'ii  the 
-  ■■■■-.■.h  tlic  oxy-jeiuif 
-.  .■.;  alumiiiuni ;  AJ.O; 
_.:;'.iiuum  coiiileiisew 
.„    ..:■.  soiiiewliai  transli: 

;:L>ii' of  aluminum,  an 
■  V  bi'  iiseil:  A  is  a  vessel 
_ -.lU'so  auil  liyiii'oelilorit 

■  a-'kct,  for  applyiiifj  a  ii 
^  «a;er;   (/  contains  si 

.  ■.;-.;iii;C'Stouc  soaUt^d  w 
\-i  ,■:'  moisture;  i/  is  an  > 
.■.■.^riVal  and  alumina,  li 
.  ,v-.-.vi-ycd  nearly  to  tiie  1 

■  .-.  :uIk\  /,  luted  into  lli 
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irliicli  tlie  peKliloride  or  iron  la  converted  into  proto- 

:th    is    not    vuUtilc,  itiid   tbv  cliloride  of  uluminum 

•tate  of  purity. 

Fia.  3>i. 


-1 


^^iiiflll 


preparer  this  chloride  ou  a  large  scale  from  a  mixtnrei 
[and  alumina,  wliicli  >■  heated  in  a  clay  rt-tort,  such  lut 
Iga*  itinl^iii;; ;   a  current  of  chlorine  is  Hcut  over  tbo 
uid  the  product  of  the  operation  u  received  ia  i^^ 
with  glased  brickwork.  ^M 

ie  of  nluniinurn  be   li<-atod  in  eonsidcrable  man,  it 

red  beat,  arul  near  its  fuaiiij;  [winl  sublimes  rapidly : 

to  the  air  it  emit«  fuincs  of  hydrochlonc  acid :  i^M 

|ocacent,  and  vhcu  tbron-Q  iuto  water  bJAacs  from  the 

iiy  the  violence  of  tbc  combination.     TbtH  iwlu- 

concentrated  hy  a  Tcr;  modorate  heat,  yields  crystala 

It  i«  •uluble  in  alcohol.      By  subliming  chloride  of 

a  current  of  Eulphurottod  hydrogen  it  forms  a  com- 

this  gaa :  tliu  compound  is  decomposed  by  nMubli- 

_  snbitiou  in  water.     The  chloride  may  also  be  mode 

with  phu*pburetted  hydrogen,  and  with  ammonia. 

!■«  or  Aluminum  occors  native,  combined  with  fluQ> 

into,  foniiing  eryoHtc  (,;  NaP  + Al,Fj).      It  may  bo  oh- 

;D<|Uiiii'iLy  from  Greenland,  imd  aa  it  is  easily  dccooi- 

liuu,  it  baa  becu  employed  as  a  louroc  of  tneullic 

AuiithiT  highly  prized  aluminous  mineral,  containing 

tiil>e:,  which   is   extremely  hud;   the  Cjlourku 
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raiictyof  it  bus  a  Iitstre  which  has  eomctimts  e&iued  ittafl 
taken  for  the  cltumond.  lu  com|>OMitiuQ  is  refiKMDtcil  I 
foriouk  [a  ( Al,Oj,  SiO^)  +  Al.O,,  SiFJ.  fl 

(567)  SxsovixDLPiiATK  OP  Alvmima  (A1,0,,  3  50,  +  fl 
i7i'j  +  |62). — ^Thls  salt  i&  foriued  by  disaolviug  alnmiiul 
phnrir  aciit.  It  is  now  mRuuroctured  on  a  largo  ncsle  ■ 
uortb  of  England,  hjr  mixirtg  fiiielv-powdcrcd  clay  or  ihalfl 
it  ha*  been  g(-titty  roiuti-d,  itJth  about  half  Ita  vriglil  otM 
Bul|>haric  acid  from  the  chambers,  heating  it  gnuluallj-  nniill 
of  ncitt  Iwgin  to  cacn[x;  j  thU  digestion  is  contiuucd  fur  j  or^f 
after  which  the  mass  is  hiiviated,  aud  the  sotutiou  thus  oIidiB 
frwd  from  iron  by  the  addition  of  fcrrocyanidc  of  Kxlium  M, 
as  it  oocasioos  a  blue  precipitate;  the  clear  litpiid  is  dccuM 
craponttcd,  and  the  residue  is  sold  under  the  u&roo  of  fl 
Iraled  aiam.  It  crystalUxeA  in  thin  fleiible  scales  irhich  areB 
io  twici'  their  weight  of  cold  water:  this  volution  may  M 
M  a  teat  for  potash,  for  by  mixiug  it  with  a  solution  BOM 
a  salt  of  this  alkali,  and  evaporating,  octobcdral  aystskd 
are  deposited.  Sulphate  of  uJumiua  has  a  strong  tends 
form  double  salts  with  monobasic  sulpbatca,  of  which  thJ 
the  sulphates  of  potai^h  mid  ninmonia,  constituting  potti 
amniunia  alum,  rci(|>i-ctivdy,  arc  the  most  important.  AH 
able  anhydrous  sulphate  of  alumina  which  assumes  the  fiiM 
white  mealy  powder,  insoluble  in  cold  water,  but  wUm 
be  rendered  soluble,  and  converte«l  into  the  ordinary  mH 
by  prolonged  boiling,  is  obtaiucd  by  boiling  cryolite,  on 
iinry  olum,  with  from  three  to  ten  titnes  iu  h,  '  '■ 
vitriol,  aud  distilling  off  abont  tlirec  fourtlia  of  tli*^  -  i^ 

the  bisulphate  of  potash,  or  of  sodn,  may  bo  remorod  b;  «d 
and  the  anhydrous  sulpliitte  is  left  as  a  white  [lowder,  ssal| 
to  the  ourrespondiiig  muilificution  of  the  acsiiuiatilphala  ■ 
and  chromium  (PoTMnc).  ^fl 

(,568}  Aluu  ;  SuiphttU  of  Alumina  tmd  Potadk  (MM 
Al,0,,3SO,+24A(j  =  258'j  +  2i6);  Sp.  Gr.anhyt/romt.TvM 
tallistd,  173d. — This  valuable  ealt  is  occasioually  found  M 
volcanic  <))stricta  in  the  form  of  a  white  (■<>■'-  n|ifl 
the  action  of  tlie  sulphuric  acid  of  the  tk  '^^I 

and  potash  coiituini-d  in  the  bra  aud  tracliylii;  mckt.  fl 
puqioscs  uf  eummox^e,  however,  alum  it  mauubcturcd  ufl 
'riirt^c  priiicijial  mutltuds  nro  adopted : —  fl 

I. — In  ibc  first  Iho  alam  is  prociired  by  ■ 

jihale  nf  potaah  to  the  cnido  Mulpliate  of  aluuni^^  i:''^V^k 
cloy  by  the  ^troccss  just  described.  fl 
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2. — A  atill  simpler  method  is  practised  in  ttal;,  where,  esjie> 
iall}'  in  tbc  iicigliliourhood  of  Civttn  ^'cccl]iB,  th<;  alum-tlone  is 
ibnudaiit.  This  rock  contains  the  elements  of  alum,  with  an 
,cces  of  hvdratc  of  aluminn,  mixed  with  a  rnriablc  proportion  of 
QiceouB  matter.  The  ore  is  first  roasted  at  a  gentle  heat  in  kilns, 
iroiding  direct  contact  with  the  fuel ;  water  in  tliiis  e.vpcllc*),  and 
be  ma»B  is  rendered  spoiig}* ;  the  hydrate  of  alumina  is  decoin- 
oaed,  and  the  fumiation  of  a  basic  suljihatc  of  alumina  and  potash, 
hich  \«  in^lnble  in  water,  is  thereby  prevented :  the  roasted  ore 
1  then  arranged  in  long  heaps  or  ridges  upon  a  firm  clay  floor, 
then  it  is  fre<piently  moistened  with  water :  in  the  course  of  two 
w  three  months,  the  mass  crumbles  down  into  a  sort  of  mud, 
hich  is  lixiviated;  and  tbc  »olution  who-n  eva|)oratcd  yit^lds  crj^t- 
ab  of  alum,  which  afVer  a  second  crystallization  arc  fit  for  the 
narkct.  Tliis  variety  of  nl urn,  known  on  Ruman  «/u™i,  crystalliKog 
n  opaque  cubes,  which  retain  subsutphate  of  alumina. 

3. — A  third  pit>cess  w  resorted  to  iu  England  and  Germany  for 
the  pur|>ose  of  tLirniiig  alum  schist,  or  alnm  ore  as  it  is  termed,  to 
gCM>d  account.     This  miucral  is  abundant  at  Whitby,  in  Yorkshire, 
lod  in  the  neighbourhood  of  Glasgow:  it  i»  a  bituminous  shale, 
fbnud  amongst  tbc  lower  beds  of  the  eual  tneusureni,  and  it  eon* 
laiiu  a  lar;gc  quantity  of  very   finely  divided  iron  pyrites,  dissc- 
ninated  through  its  maw,  wHidi  is  composed  chicfiy  of  &  siliceous 
dsj.     Tlie  mineral  in  liecomposed  either  by  eiposnire  to  the  air, 
,  aa  is   more  usually  practiced,  by  a  slow  roastiug,  conducted 
Dptm  the  ore  arruiigud  with  alteriiate  layer.1  of  fuel  in  long  licaps 
or  ridges,  which  are   covered  more  or  less  completely  with  spent 
ore,  in  order  to  regulate  the  heat  and  to  absorb  the  excesH  of  »ul- 
yliuric  acid.     In  this  operation  the  pyrites,  or  bisulphide  of  iron, 
b  conrcrtcd  into  the  prolo^dphide of  iron.  Wing  half  iu  :>u1phur, 
which  absorbs  oxygen  and  is  converted  into  sulphuric  acid ;  this 
■cid  unites  with   the  alumiua,  while  the  protosiil|>hide  of  iron, 
fnuJually  ct;mbiniiig  with  more  oxygen,  is  couverted  into  proto- 
nlpbatc   of  iron,  or  green  vitriol;  I''cSj  +  Og=FcS  +  SOg;    and 
RS  +  0,=FcO,SO,.     Great  care  is  required  to  prevent  the  tem- 
perature from   rising   too   hii;h,  a  circumstance  whie]i  would  be 
lUcndod  with  decomposition  of  llie  siUphale  of  alumina  and  loss  of 
nlphuric  acid.     By  the  time  that  the  roasting  is  complete,  the 
uus  has  become  greatly  reduced  in  bulk,  and  is  rendered  porous 
uul  freely  permeable  to  tlie  air;  in  this  condition  tbc  heap  is 
ittmred  to  lie  exposed  to  .the  atmosphere,  and  is  moistened  from 
fine  to  time;  it  is  then  lixiviated,  the  liquor  is  digC-='t.eA  on  xncWiVw. 
aoaia  reduce  any  pcivalt  of  tht;  mcia\  to  the  stfitc  ol  pro^wvA^XvaXCi 
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and  the  protoaiiljiliatc  of  iron  is  separated  from  t1i«  solphate  of 
alumiDa  hy  crystallizatioD  of  the  liquor.  Thv  mutfacr<Uquor«  often 
yield  Kulpbatc  of  in»gik«!tia  whoii  concentnilwi  further. 

In  theWliitby  alum  works,  in  which  the  quantity  of  the  eulpliale 
of  alumina  much  cxccvils  that  of  (he  !iul|ihate  of  iron  in  koIuUod, 
the  conceutrationiiicom]ilct(^d  in  leaden  pans;  being  carried  so  fir 
ua  tliat  the  liquid  sbiil),  whcik  cohl,  be  perfectly  »atiirnted,  l>ut  »haU 
deposit  no  or^'staU.  The  liquid  is  then  run  oft'  into  the  predpl- 
tating  tank,  where  it  is  mixed  with  a  saturated  solution  of  nd- 
phateof  potaah,  or,  atill  l>etter,  of  chloride  of  potaaaium,  in  quantity 
sufficient  (as  found  by  trial  on  the  email  scale}  to  yield  tlic  toiui- 
mum  proportion  of  alum.  The  misttire  is  briskly  agitated,  sod 
the  doublo  sulphate  of  alumina  and  potash,  which  is  sparingly 
soluble  in  cold  water,  is  dcjxKiited  in  minute  cryatalit,  tecbniailly 
termed  atwn  meal  or  flour.  VThcn  chloride  of  potassium  is  n^ad 
the  sulpliiite  of  iron  is  decomposed,  sulphate  of  |)Oliu>h  is  jirodHCed, 
and  the  very  soluble  protochloride  of  iron  is  retained  in  the  liquor; 
KCI  t-FeO.'sO,  =  KO,SOj  +  FeCI.  To  produce  ico  i^rta  of  crys. 
tallixcd  alum,  between  18  and  19  parts  of  sulphate  of  pota^  are 
required,  or  about  16  parts  uf  the  chloride  of  potOMium.  Tie 
iaother-li<{uor  it>  drained  oil'  and  preserved,  and  tlie  crystals,  whi^ 
have  a  reddtsh-bronu  colour  from  adhcriug  iron,  arc  twice  wubtA 
by  sabaidenee  with  a  auiall  quantity  of  cold  water,  being  «dl 
drained  after  each  washing.  The  crystals  arc  then  dissolved  lif 
heat  in  ax  xniall  a  quantity  of  water  aa  jKwsiblc,  and  the  solutioK 
is  run  off  into  crystallizing  barrels,  which  ia  ten  day*  or  a  fort- 
night »re  taken  ui  pieces;  the  vryiitalline  ma*s  ia  brokeu  into 
fragments,  drained,  and  sent  into  the  market. 

In  the  Scoteli  alum  works  at  Oamiwie,  iu  the  neighbourhoal 
of  Cilasgow,  ainm  meal  is  not  formed;  but  tlie  hot  liijirar  from 
the  evaporating  pan  io  r\vn  into  a  stone  cooler,  in  which  the  □ccc*> 
aary  quantity  of  dry  chloride  of  potassium  has  been'plaoed.  Ilif 
liquid  is  thormi^lily  n^itntcd  nnd  left  to  cool ;  on  the  sides  of  ti 
ve.'wel  large  rryBtaJs  of  alum  are  formed  iu  four  or  five  days.  Th» 
motber-liquor  is  then  drained  off,  and  the  crystals  are  aftervarda 
wa^hid  Hiid  reerystallizcd  twice. 

^Vherc  sulphate  of  ammonia  can  be  obtained  sufficiently  cheap, 
it  may  he  sulMtituted  for  sulphate  of  {wtush  in  the  raannfactun 
of  alum,  as  the  double  salt  which  it  forms  with  sulphate  of  alumina 
crystallizes  with  almost  as  much  facility  as  the  potash  sail ;  it  cou- 
•titutes  wliat  is  knonu  as  ammonia  alum.  Indeed,  for  the  pnf^ 
poaaa  to  which  alum  is  applu-d,  neither  the  sulphate  of  potash  nor 
UU  ol"  ammonia,  is  e»«ei\V'v*\-,  Aivc  (^"yeKt  \.Kl\MwA'vck^]nttmalla- 
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faoture  of  alum  l»eing  to  nhtuii  a  salt  of  altimina  wlitcli,  by  the 
bcility  with  rehich  it  crystallizes,  can  be  freed  from  iroii  aiir]  from 
eartliy  impnritics. 

A  norabcr  of  other  salt*  may  be  procured  which  hare  the  same 
crystalline  furm  a»  ])ota»h  iilum,  undan-similar  toit  incoDstitution: 
ihos,  sulphate  of  potaah  may  be  displaced  by  sulphate  of  sndn,  and 
n  soda  alum  may  be  formed,  hut  the  comjiound  is  much  more 
soluble  ttiaii  potash  alum  :  in  like  manner  the  place  of  the  mrsqui- 
ftulphatc  of  alumina  may  Im:  supplied  by  s(»qu [sulphate  of  iron,  of 
chromium,  or  of  manganeae,  forming  a  remarkable  Ncries  of 
isomorphous  compounds,  come  of  which  arc  enumerated  in  the 
anaesod  table; — 

Potash  alum      .  .  KO.SO,     +  A1,0^  3  SO,  + 14  Aq 

Ammouiaalum.  .  H^NO,SO,  +  Al,Oj,   3SOg  +  24Aq 

Soda  alum    .     .  .  NaO.SO,    +Aip^   3SO,  +  a4Aq 

Ironalam    .     .  .  KO.SO,     +yc;,Oj,  3  SOg  +  24  Aq 

Chrome  alum     .  .  KO.SO,      +Cr/)j,  3S0,  +  24Aq 

Manganese  alum  .  KO,SOg     4-Mn,0^3  SO^+H-'^t- 

Besides  these  true  alums,  a  number  of  double  salts  of  alumina 
Mij  be  formed  with  thi^  sulphates  of  the  oxiilcs  isomorplmus  with 
Bttgneaia,  which  crystallize  in  fine  silky  needles.  A  native 
Riphatc  of  alumina  and  raan^iese  was  found  by  Kane  and  by 
Af^hn  to  contain  25  equivalents  of  water,  for  which  Graham 
proposes  the  formula,  MuO.SOj,  H0  + AUOj,  3SO, +  24  Aq,  ro- 
preseiitin^  a  compound  of  i  equivalent  of  the  sulpltate  of  man- 
)^DeM7  itith  its  wjuivalent  of  constitiitiounl  wntcr,  in  combination 
with  ihc  t(.^r>ulphnte  of  alumina.  A  similar  salt  of  iron  hat*  been 
met  with  in  the  native  state. 

Ordinary  alum  hs.t  a  sweetish,  astringent  taste ;  it  in  soluble  in 
it  iS  parts  of  cold  water,  and  iu   less  tlian  its  own  weight  of 
water.     The  solution  has  a  strougly  acid   reaction,  and 
jKes  iron  and  rinc  with  evolution  of  bydro}^.    Wlien  heated, 
salt  first  melts  in  iln  naler  of  erystalliution,  which  amounts 
■43  pep  cent,  of  its  weight ;  as  it  loses  water  it  froths  up,  aiid 
a  tough,  teniuriiiiis  paAt«,  which  is  ultimately  cimvcrtcd  into 
lumiuous,  white,  infusible,  porous  mass  of  anhydrous  or  Irurnt 
If  crystallized  nlum  he  submitted  to  a  regularly  increasing 
a  certain  proportion  of  the  water  contained  in  it  is  mtdily 
■n  off:  thus  by  n  temi>CTiiture  of  313°,  10  equivalents  out  of 
14  are  expelled,  and  10  more  at  248^.     If  the  Malt  be  now 
to  392*,  it  is  rendered  anhydmiw  and  insoluWc  \n  '«!ft\)W 
it).     Bjr  igailioa,  atum  Icica  a  great  part  of  its  ac\d. 
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Alum  is  Inrgely  employed  in  dyeing :  when  used  in  tliis  pm- 
cess  its  solution  i&  gradually  mixvd  wil)i  mrbonatc  of  soda,  so  loog 
as  tlie  precipitate  ia  rodissolved  on  agitation,  which  bappcns  till 
tiro  thirds  of  the  acid  bavv  been  ncutrulinvl.  The  salt  emplored, 
therefore,  is  a  wlution  of  AI,().„S0,+  K0,S0,  +  2  (KaO,S0J. 
Cloths  dipped  into  this  liquid  remove  tlic  iduniinn  Uiii*  redi*. 
solred,  and  eoiitrnct  au  intimate  niechanieo)  combination  vith  i^ 
by  which  they  are  enabled,  as  idrcudy  mentioned,  to  retain  the 
colourt  of  the  dye  stnfTs  employed.  Upon  evajioration,  cubic 
cryslaJs  of  alum  arc  deposited  from  this  solutiou,  and  the  cxc«* 
of  ahtmina  sepiirutes.  A  lijdruterl  siibsulphate  of  alumina  (Al^O,, 
SO,  +  9  Aq),  containing  the  same  proportion  of  sulphuric  acid  aui 
alumina  as  that  formed  in  the  niordnnting  liquid  ju9>t  described, 
U  obtained  by  precipitating  the  sestjuisulpbatc  of  alumiita  i^ 
completely  by  caustic  ainmoiiin ;  it  is  a  white  in!tolii1>lc  pow<ler.  A 
white  earthy -looking  mineral,  termed  alumiiiUe,  said  to  h&vc  the 
same  composition  as  this  subsulphnlc,  is  found  near  Newhaven. 

(jfiy)   PnospnATEs  OF  Alumina. — Several  minerals  occur,  into 
the  composition  of  winch  phosphate  of  alumina  cuters.     The  hl« 
turgufme  is  a  hydrated    native  phosphate,  2  Al^O^,  PO,+5  A^, 
coloured  by  oxide  of  copper  and  osidc  of  iron.     Gibbnte,  "hxh 
«a»  formerly  cousiilered  tu  be  a  bydnite  uf  alumina,  was  found  bf 
Hermann  to  conBist  of  a  hydrated  phosphate  of  the  earth,  misd 
with  variable  pro[Hirtiunx  of  hydrate  of  alnnilna.      Phofphate  of 
alumina    {ALO^,  POj)   may  bo  prepared  ariiiicially  by  mixing 
solution  of  pliospliutc  of  Noda  with  one  of  alum;  the  precipitate 
must  be  well  washed.      If  this  precipitate  be  redissolvcd  ini 
acid,  and  ammonia  l)c  mlded,  the  precipitate  thus  wcasioncd 
according    to    Itaramelsberg,  the   compo»ilion   (4AlnOj,3 
18  Aq).      IFavcliite  is  a  mincnd  which  crystalliiea    in 
tnflA  of  uecdlea;  according  to  Berzciius,  it  is  a  combiuati 
fluoride  of  alumiuum  with   the  last  mentioned  subpbosphate 
alumina,  3  [4  AI^O^,  3 1*0^  +  1 8  Aq)  +  AI J-\.     Tlie  miwTal 
ffortiie  is  a  eumbiuation  of  the  same  subphospbate  of  alumina 
phosphate  of  litbia(2  LO,POj  +  4Aip,,3PO,).    Lti:uliU,  a  (3  [Ca 
MgFe]0,PO|;)  +  [4Alj03,3K>,)+6  Aq),  is  a  blue  mineral  coo- 
pced  of  another  double  phoitphate  which  contains  the  same  phot' 
pbate  of  alumina,  coloured  by  Hnhphospbate  of  iron  (Raiinnelsbcr^ 

Phosphate  of  alumina,  in  its  hydrated  form,  is  readily  soluble 

in  hydrochloric  acid.     Its  solution  may  be  precipitated  by  potash, 

but  the  precipitate  ia  redissulvcd  by  an  excess  of  the  alkali.     Ia 

(it!  operaliori*  of  analysis  it  ia  often  ucceMnry  to  separate  plio»" 

photic  .ifid  fi'om  alumina  -.  Oiis  '\»  b«i*V  i«ai!ic\'j  (SttwA  Vi-j  Chancel's 
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i,  in   vrhioli  tl»e  aolulton  in  nitric  or  nwtic  ncid,  pcrftctly 
li  from  lijdrocliloric  and  sulphuric  acid,  is  mixed  with  aii 
of  nitrate   of  bismuth    (370).     I'Utnphoric  acid  is 
, .,  lUiUtl  a»  tlic  phosphate  of  biamutli  (]}iOg,POJ,aiul  the 
I  of  the  aluniitia  rcmniuK  iu  Kolution. 

570!  SiLK'ATM  or  Ali-mixa. — ^The  compounds  of  silica  with 
I  ure  numerate  and  imporUnt.  All  tlic  varietica  of  cUjr 
of  lij-drated  silicate  of  alumina  more  or  leas  mixed  with 
-.  derive*!  from  the  rocks  which,  by  their  dinintcgra- 
-jrmcd  the  cla^.  Clay  is,  in  fact,  the  result  of  the 
actJon  of  air  and  water  upon  fctspathtc  and  siliceous 
therefore  iiee(«*arily  varies  coiisiiiemblv  in  compositioo. 
aeniaJ  convtitueiit  of  the  more  important  varieties  of 
jrding  to  the  researches  of  Drongniart,  of  Mataguti,  and 
b,  »■  rrprCHCntnl  by  the  formula  AljO^,  i  SiOj  + 1  Aq.  This 
to  lie  the  composition  of  the  Rrc-Hay  of  the  SlafTordshirc 
surcs.  The  onlinarj-  varieties  of  clay,  however,  contain 
it*  of  iiiidccom]KMed  rock,  a  ccrtiiin  proportion  of  potfiwh, 
riuhlu  amounts  of  silica  in  the  hydrst»l  coudilion,  mixed 
tide  (>f  iron,  lime,  and  magnena ;  the  character  of  the  dajr] 
lly  aiodtiicd  according  as  one  or  other  of  these  iogre- 
jumtnatea. 

clay,  before  it  has  been  ignited,  forms,  when  knearled,  a 
js,    plaatie    pn-tle,  which  i*  insoluble   in  water,   hut   ma^J 
he  ditfn^ed  tliTOUgh  it  in  particles  which  arc  in  an  cxtrei: 
•iilMlivitiion ;  the  deposit,  when  freed  from  the  excess  of 
1  it  iiu)><i(!cs,  resumes  ita  plastic  character,     lliis  pastG^j 
jwly  dried,  and  expoood  to  a   high  temperature,  shrinli 
lueh,  nwl  splits  into  roaases  which  are  extremely  hard,  but 
not  undei^o  fuifion  in  the  furnncc.    Pure  hydrated  tilicato 
liua  is  very  slowly  acted  u|m>u  by  hydrochloric  or  by  nitno 
it  H  in  ih'compo<cd   when  heated  with  concentrated  sul- 
;  and  upon  thi«  fact  one  of  the  processes  for  preparing 
i8)   is  founded.     A  gentle  roasting  of  the  clay,  prcrious 
Idition  of  the  aeid,  fmiuently  favours  ita  disintegration ; 
litioti   at  a  high  tcmpcratitrc  renders  it  proof  against  the 
,uf  all  ac-ids.     Strong  Mthitiuit  of  ]>ol&sh  dissolves  unbnrnt 
slowly ;  but  if  alkali  ia  excess  be  fused  with  clay,  the 
^inn«a  is  rendi-rc^l  ensily  soluble  in  water, 
ilcrmixture  of  lime,  magnesia,  or  oxide  of  iron,  in  any 
:  (iiuinlity,  with  the  clay,  grcstly  increases  its  fusibUity, 
plasticity,  sud  causes  it  to  be  more  readily  ntlockcd 
rliiJat  un  excess  of  silica  renders  it  less  fusible. 


*ro 


vAHitTies  or  cLAv. 


Clay  einitfl  the  peculiar  odour  knotrn  a»  oi^tllacvoua 
brcntLcd  ypoa  or  vliglitly  rowstened :  its  presciico  iti  any  soil  may  it 
rouj;bIy  but  readiiy  distiu^isbcd  by  tbc  ab*«rbcut  (|iia]ity  which  it 
cxliibits  wlii:u  uii|))ied  in  n  dry  atatc  to  tbe  tougu«  or  tbu  lipa;  il 
adheres  to  ttiem  strongly,  aud  absorbs  tlte  mUvk  froiu  their  aurEufc 
Thi«  abiwrbi-iit  prujivrly  uf  cluy  cuuik-«  it  to  retain  aminoaia  in  die 
soil  to  an  extent  vrhicb  ia  of  great  inifiortauoc  to  growing  plauti, 
and,  as  Wkv  has  shown,  it  arnwts  the  aminooiacal  portiotu  dt 
tlie  manure  applied  to  the  surTare,  and  thus  not  oaly  miniaten  Id 
tb«  growth  of  the  crop,  but  cxtrts  a  very  important  purtfyiag 
influence  ii[>ou  water  impregnated  witli  oi^;aitic  and  other  Mb> 
Etaticc«,  which  find  thvir  way  elowly  through  the  foU.  ludeo^ 
mere  agitation  of  iudi  water  with  finely  divided  clay  is  aufficiol 
to  rcniOTc  a  coDsidcrablc  amouot  of  the  organic  and  saline  matUi 
[ir(:vioii:>ly  in  .-lohitioii.  It  was  fitiind  thai  hiUh  nulphute  of  aia- 
mouia  and  chloride  of  aimuouium  were  partially  decomposed  by 
the  lime  of  tli«  clay,  the  aiumCKitH  bdiig  retained,  wiuUt  a  cotn> 
Bpooding  amount  of  sulphate  of  lime  or  of  chloride  of  calcium 
formed  iu  the  colutiou.  A  similar  dccooiposiug  actiou  was 
eierted  by  clay  upon  nitrate  of  |K>tasb. 

{571)  Varielirt  fl/C/«y.— The  most  inijiortaiitvarictieecf  cbj 
arc  tlie  following : — 

I> — ^Tho  celebrated  A'cw/fit,  or  porcelain  clay  of  China,  ia  a  ti 
pure  white  clay,  which  is  furuisheid  by  the  decoinpo«ition  of  a 
granitic  rock,  the  constituents  of  whicJi  are  quarts,  felspar,  and 
niica,  the  felspar  liaving  gradually  mouldered  iato  this  aub^toiiee. 
A  very  similar  description  of  clay  is  olttaincd  near  St.  Ausl«),  m 
Cornwall,  and  at  St.  Vrieix,  neiu'  Lioiugcs,  in  France.  It  is  ia 
these  eases  chic6y  produced  by  the  diaiiit^ration  of  a  rodi  knon 
to  geologi»tii  a«  ptymatiU,  which  i»,  iu  fact,  a  apccics  of  granite  in 
which  mica  is  almost  wanting,  and  quarts  j>reaeut  iu  but  xrtikll 
qtiantity.  The  Comith  stone  used  by  tbc  porodaia  makers  is  the 
same  rock  in  a  less  advanced  stage  of  disintt'gratiuu.  The  plu- 
ticity  of  kaolin  i*  much  ks*  than  that  of  the  clay  denvt»l  from 
disintegration  of  the  secojulary  rocks. 

2, — Pipeclay  is  a  white  variety  of  clay,  which  is  nearly  ftw 
from  iron.  That  of  the  Isle  of  Purl)cck,  in  Dorsetshire,  where  it 
occurs  nearly  at  the  base  of  the  clay  deposits,  is  preferred ;  il  ■• 
used  in  the  manufacture  of  tohaocu  pipi-s  without  any  addition  i 
before  the  oxyhydrogen  blowjnpe  it  melts  to  a  traospareut,  oesrlf 
coluurlesx  gluM. 

3. — The  fi/ue  clay  of    Devonshire  and  Dorsttsliire  is  bighly 
fed/  as  it  is  euiitieatij  ^\uue.    'tW  w^yuiv:.  luaUjcc  to  whicb  it 
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owes  its  colour  U  destrujed  nlieo  heated,  and  it  yields  a  white 
pMte  when  fired.  It  is  employed  as  one  of  t!ie  iiiatennU  iti  the 
manufacture  of  poroclain.  Tlic  ujiper  bcils  of  ttiis  clay  frt^qiicntly 
cmituin  >  \nTge  projMirtion  of  sand  mixed  with  the  plnotir  mate- 
rial,  nnd  are  well  suited  for  mnkiug  vitlt-glozcd  stuncn-arc  without 
fanhcr  ndmisttirc. 

4, — When  the  proportion  of  carbonate  of  lime  in  a  clay  is  con- 
ndertkblc,  it  coostituUr!!  what  is  kiiotvu  a.H  a  marl;  if  the  aluminous 
coEUtituent  preponderate,  it  forms  an  aluminous  marl;  if  the  car- 
bonate of  lime  be  in  excepts,  it  in  a  calcarcnuN  marl.  The  nlumi. 
BOOS  raarls  are  extensively  used  in  the  manufacture  of  the  coaraer 
md  more  porous  kind*  of  pottery. 

5. — Loam  is  a  still  more  mixed  substance,  belonging  to  tlie  more 
recent  allavial  formations;  it  i»  tlic  cvimmun  material  of  which 
biiclu  are  made  ;  its  red  or  brown  colour  is  derived  from  the  htrge 
ion  of  peroxide  of  iron  which  it  contains. 
.—  Yeiiow  ochre  and  ltd  bole  are  clays  which  derive  their  colour 
oxide  of  iron,  which  is  present  in  Ihcm  in  lar^c  quantity. 
Halltiytite  is  a  white  hydrated  silicate  of  alumina  which  greatly 
leaemUes  kaolin  In  appearance,  but  it  is  destitute  of  any  plastic 
chsractcr,  and  in  therefore  unfitted  for  the  manufacture  of  porce- 
lain. Ftiiter'a  earth  is  a  porous  sUicate  of  alumina  which  has  a 
strong  adhesion  to  oily  matters :  if  made  into  a  paste  with  water, 
and  allowed  to  dry  upon  a  spot  of  {;rcasc  upon  a  board  or  a  cloth, 
it  removes  most  of  the  oil  by  ciix>il1»ry  action.  Among«t  other 
loculitiea  in  England  it  is  found  abundantly  near  Keigate,  in 
Sorrey. 

The  following  table  exhibits  the  compoaition  of  some  of  the 
more  important  Tarietics  of  clay  used  in  the  arts.  The  first  two 
•TO  rcstullJt  obtiiined  by  Kbclmeu  and  Salvctat,  the  others  are  from 
■nalysea  executed  in  Richardson's  liiborntory,  and  arc  (|iiotcd  in 
tlie  socond  rolume  of  the  English  translation  of  Knapp's  Techtw 
ligicai  Chemistry : — 
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Besides  these  amorpbous  Bilicates  of  atumius,  there  arc  mmj 
wliich  occur  in  a  oryrtiiliiiic  form.  DUlh&ne,  or  cyaHlte,  is  a  blae- 
oolourcd  soft  miueral  of  this  kind  (Al;0,,SiOj). 

Oiher  ahtmnons  Mineral. — Tli<;  ztvlilfs  are  hydratetl  doaUe 
silioatcB  in  which  (ho  principal  hsuxs  are  alumina  and  lime.  Thtj 
boil  up  when  heated  upon  charcoal  before  the  hloirpipc,  and  m 
dissnlrcd  by  acids,  leaving  the  »ilica  in  a  gelatinous  state. 
thcEc  raiuernla  the  lime  is  liable  to  displacement  more  or  less 
plete  by  protoxide  of  iron,  by  magiie^Lt,  or  by  the  alkaline  baso; 
Tbcy  arc  often  very  beautifully  crj-ttalliwd.  Analdme  (SaO, 
SiO,  + AI.Oj,  3  SiOj  +  2  A(i)  io  one  of  these  minerala;  it  crystal 
Hzcs  in  cubes.  SlUbi/c  ervstallizcs  in  radiated  needles,  and  liai 
the  cuinpoMtiou  of  hydrated  lahrndorite,  (CaO,  3  SiO,  +  A1,0„ 
3  SiOj  +  6  Aq).  PrtAnile  cryetallizes  in  Hix^idcd  prisms;  it  nqr 
be  rcpre-sentcd  by  tho  formula,  2  (CaO,SiOj)  + Al.O^,Si0,+ Aij. 

The  varieties* of  /e/gpar  (.MO,  3  SiO,  +  AljO^,  3'  SiO^)  arc  like- 
wise double  Kilii'flteit  of  alumina  with  potaxh,  mkIh,  lithia,  or  Itint 
Potash -felspar,  the  adolaria  or  orlhoclase  of  minecalogi&ta,  and  tki 
petunl;:e  of  the  ChincHe  potters,  w  euRiricnlly  hard  to  tcratch  gUn; 
it  is  used  as  a  glaze  in  the  manufacture  of  the  finest  kinds  of 
porcelain.  Fclxpiir  requires  tho  mo«t  intense  licat  of  the  porcclait 
Airoacc  for  its  fusion,  when  it  forniN  a  white  milky  glaaa.  Snda* 
feUpar,  from  ita  usual  vhitc  colour,  has  received  the  uame  c^albHe. 
Tho  fel.ipar  containing  lithia  oon:<tiluteH  pelalUe.  Common,  W 
pota«h-fL-)«pftr,  crystallizes  in  obhqne  rhombic  pri«ms.  Labrador^ 
i»  a  double  i>Uicateof  alumiiin,  analogous  to  felitpar,  hut  it  coulaiot 
lime  instead  of  the  alkaline  bases  :  it  crystalliacs  iji  doubly  obtiqix 
prisms  belonging  to  the  mxth  ityiitcm. 

These  miMcrals,  by  disintegration,  yield  the  porcelain  clay,  or 
kaolin. 

Telspar  not  only  forma  the  regidarly  crystallized  mtnenis  jort 
meutioncd,  but  it  occurs  mingled  with  quartz  and  other  crystalliid 
mineraln:  it  i«  indeed  one  of  the  moHt  ahnndatit  constituent*  oC 
many  of  the  older  rocks.  Granite,  for  csamplc,  is  a  rock  consist* 
ing  of  intermixed  cryttalci  of  quartz,  felspar,  and  ntioL  When  it 
coDtuius  hornblende  instead  of  mica,  the  term  syetiUe  is  gi»ai 
to  it.  ancm  contains  the  same  comi>one»ts  as  granite,  bat  it 
has  a  more  stratified  appearance,  as  the  mica  occurs  more  in 
layers.  Porphyry  oonst«t:«  chielly  of  compact  felspar,  with  cryslsls 
of  felspar  disseminated  through  it ;  it  is  often  red  or  greco, 
and  takes  a  fine  polish.  Basalt  is  a  dnrk-colourrd  rolcuie 
rock,  consisting  of  compact  felspar  containing  crystals  of  augita 
Jbea    iJie  place    of  the  td&^tXui^  c»v0X\\,'<unA.  \b  lu^^lied  by 
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rite  (or  Uint)*frUpar),  the  bualt  is  called  doferUe.     Trapi 
tone,  is  a  ven'  tough,  compact,  igueoua  rock,  of  a  dark 
kb  or  h  ft  >  nil  id)  I- black  colour;  it  is  comiKMcd  of  an  mlimate 
of  fulapar  anil   lioriibleDde.     If  it   cniitjiiii  Eoda'felspar 
tbc  rock  i»  kiionu  uitdcr  the  lunic  of  diorite.      Tracht/te 
auic  rork  also  coiisiAliiig  chiefly  of  fc-hpar,  less  compact 
(>ur|]lijry  or  baMilt.  The  porous  pwnitx-xtone  of  volcanic 
is    probably  altered  feUfiar  ;  it  coiitaina  a  much  smaller 
DQ  of  alkali  than  the  cryBtallizcd  miiicnl.    Jlcltcd  pumice 
oMdian,  or  volcanic  %\tun. 
t,  which  commooly  crystallizes  in  rhombic  dodccahcdra, 
ate,  iibirh  crj ^.tallijiefl  in  Hinarc  pri»m»,  arc  l>a*jc  double 
L  of  liiuc  and  ulumiiia,  in  which  part  of  the  lime  is  displaced 
protoxides,  and  the  ahimina  by  KeMjiiioxidc  of  iron  [3  (Ca 
'^■'">,  +  (AlFc),Oj.SiO,].       In  pyrope,   which    is  a 
iiiuud  in  llohciniii,  the  colouring  matter  is  partly 
14I0  of  chromiuni.    Tlicsc  miacrals  hare  a  hanlncae  greater 
U  ofciuartz. 

diffiTuut  forma  at  mica  arc  also  double  silicates  of  alumina, 
Inutaiii  in  addition  a  small  ([uantity  of  water  anil  soma 
to,  Vniaxal  m\cvi  consists  chiefly  of  silicate  of  mag- 
ate  of  alumina,  2  [j  (MgK Fej'o.y tO J  *  (AlFc),Oj, 
lu  biaxai  mica  {KPe)0,3  SiO,+3  [  (AlPe),Oj,SiO,l,on 
band,  silicate  of  potash  predominates.  LrpidalUn  is  a 
lof  biaxal  miea  in  which  silicate  of  lithia  takes  the  place  of 
I  of  potash. 

important  <loubte  silicate  of  alumina  and  magnona , 
chtoriie    {4  (MgFc)O,Si03  +  (AlFe),0„SiO,  +  3  Aq], 
in  both  maasive  n»d  iu  crj'stoUwith  agranular  fraetare; 
a  ^oou  colour.     In  the  maMivc  form  of  chlorite  slate  it 
|a«  i>tu'  of  the  primitive  rocks  vtliich   is  widely  distributed. 
many  varieties   of  slntc.     Roofing  stoU-  is  an  argilla- 
ck  which  splits  readily  into  thin  laininic.     Mica  tlale,  as 
tniplicv,  contain^  particles  of  micSj  to  which  it    iwcs  its 
iMppearaticc.     Ifornblende  slate  ooutaina  hornbl  jnde  in 
fttc*!  and  has  little  luUro. 


is)    Porcelain   and   Pottery  Wan. — In  the   preparation  of 
Iwmrc  the  material  employed  is  required  to  posscwi  a  plas- 
to  that  of  red-hot  glass,  and  yet  to  be  capable  of  being 
by  li>*at  nuftii-icntly  firm  and  hartl  to  resist  the  mechanical 
-Mirily  inrtictcd  on  it  by  daily  use. 
of  curthcnnarc   {Kircdain  and  cbiua  is  silicate  oC 
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alumina ;  it  possesses  the  pluMtcity  required,   and   when  heauj 
assiirucs  a  great  degree   of  hardiicM.     Pure  silicate  of  alumioa, 
hoMcver,  cotitractt  greatly  and  uiietiually  on  drying  :   the  uteiutOi 
made  from  it  would  consequently  be  liable  to  crack   duriug  tbor 
desiccation  ;  in  order,   therefore,  to  dimirii»b  tJic  amoatit  of  tiw 
contiactioti,  an  additiou  of  some  iudiSercut  powder,  such  as 
flint,  is  made ;  while  to  oom]>eiii>ate  for  Die  ]o»k  of  tenacity 
occasioned,  and  which  is  particularly  experienced  in  the  use 
fine  elaytt  employed  for  porcelain,  some  fuuhle  material  i< 
which,  at  the  temperature  required  for  firing,  undergoes  vitri: 
tion,  and  greatly  a.«u»ts  in  binding  llic  mass  together.     According 
to  the  greater  or   less  proportion  of  tliese  fusible  materials,  tbe 
ware  is  more  or  Icks  semi-tra»»parciit,  aod  more  or  less  subjee^ 
Itlcc  glaas,  to  fly  on   tlio  application  of  suddcit  cttangcs  of  lem- 
pc  rat  tire. 

Tbe  articles  nbich  hare   passed  once   through   the  kiln,  mI] 
hare  thus  acquired  firmness,  are  rough  and  nncrcn,  and  the  c 
kinds  of  wore  arc  very  poroux.      It  iii  uMual,  after  tite  firat 
in  order  to  give  smoothness  and  uniformity  to  the  snrface,  as 
as  to  render  the  body  of  the  ware  impermeable  to  moist 
cover  it  with  a  kind  of  flux  or  glaxe,  which  melta  at  a  lower 
jjeratnre  than  the   material   oontpoaiiig  the  ware  itsvlf;  and 
order  to   melt   the  glaze  the  articles  are  a  eecDud  time 
tlirough  the  kiln. 

The  materiala  employed  in  the  fVibricatioii  of  porcelun 
rart  lien  ware  ore,  clays  of  various  degrees  of  piuity  and  Sii< 
ground  felspar,  calcined  flints  or  sand,  burnt  bones,  chalk, 
bonatc  of  vudu  or  of  puta»ti ;  they  do  nut,  therefore,  diScr 
greatly  from  those  which  are  employed  in  glass-making,  ex 
tbe  great   preponderance  of  silicate  of  alumina.     The 
pottery  or  earlheiinare  are  numerous  :  the  following  include 
which  arc  cd'  most  importance : — 

I. — Porcelain,  or  CVitiut. — This  is  the  finest  and  most  valnalill 
description  of  ware:  it  is  distingui^bcd  from  ordinary  eartJicnwi 
hy  the  composition  of  the  paste  from  which  it  is  funned.  Thfl 
materials  arc  selected  with  great  care,  in  order  that  they  may  gin 
a  colourie*s  moss  after  Itring.  Porcelaiu  couM.-'ts  mninly  of  WO 
classes  of  materials,  one  of  which,  the  clay,  is  plastic,  and  is  info* 
■iblc  at  the  temperature  employed  to  fire  it;  the  other  (chiefljT 
nJioate  of  lime  and  pola-nh)  softcos  and  becomes  vitrified,  fbnning 
a  kind  of  cement  which  binds  the  day  firmly  together,  and  Ihtu 
pniiliice»  a  translucent  ma»,  which  when  broken  apitcaus  to  be  oC 
uaiform  tcUure  thiow^Wat,  %ndk'vb\mijRrfw»ft'u>\v^uds.  Mucll 
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it  U  rtquircd  in  tlie  due  proportioning  of  the  fuuble  «ud 

i  maleriaU. 

cclcbmtcd  S^Trcs  porccUiii  resembles  t}ie  orif;iuiil  Cliiaese 
f  wtutj)  iuiloul   it  is  ikii  iniitaliuii.     Rcguault  states  tlie 
iHou  of  tbo  paste  used  at  S^rrea  tor  oruamciital  ptirposc* 
|Uto  fullun-iiig . — WMbed  Icoolin,  61  pnrtt :  Bougiral  chalk,  4; 
sand,    17;    quartxose   fe]»|Mr,    17,     Tlicse    ingredivtitt 
efiilly  lorigatcd  and   tbcu    tkoroughly  incorporated.      Ab 
the  com|Kifiitiou  of  tlie  kaoliti  varies,  tlie  proportioa  of  the 
L-fixU  is    DcccsMrity  Tviod    likewise,  so  as  to  obtain  a 
uniform  eoflapoution. 
Jcr  tu  give  a  Htoaotli  ttiirfuco  to  the  vare,  a  glaxc  similar 
■iliou  to  tlie  fusible  tnaterial  i»  tucd.     71ie  glHxc  cm- 
Sevrev  conMstn  of  a  mixture  of  felapar  and  tiuartK.     It 
it,  aud  rather  inore  fiinible  tbnu  the  body  of  the  ware, 
thoroughly  ioourporatcd  nith   it,  and  from  its  eiiui' 
oumpoaition  it  eipaiida  aud  ooDtraets  by  heat  uniformly 
be  paste  which  it  covers ;  hence  it  is  not  liable  to  crack  and 
ail   din-elitjiw  in    tlte  tnaiincr   which    is    to   commouly 
in  the  glaze  of  the  more  ordinary  kinds  of  earthenware. 
>:)  of  Itertin  and  Mi-i«^n  is  vciy  similar  in  compoeU 
:>f  Sevres:  thcoc  constitute  what  is  termed  hard,  or 
elaio. 

jKircelaiu  contaltt^,  in  addition  to  the  Cornish  clay  and 

ftiut,   a   large  pruiKirtioa  of  burnt  bone^ ;    the  glaxo, 

tnuiaporeDt,   unually  contains  both  borax  and  oxide  of 

its  fusibihty.     English  porcelain  i*  soner  than  the 

Prencb,  or  t'Sonuan  {loret^laiii,  and  constitutes  one  variety 

tho   French  term  porcetait   tcndre,   the  manufacture  of 

I  J-'mncc  is  now  rarely  practised. 

'Juneu-arii  ia  a  species  of  jKircolain  in  which  the  body  of 

Ib  more  or  Ins  coloured,  less  cnn;  being  taken  with 

•}.■■■  purity  of  the  material.      It  generally  contains  more 

..  and  cooscijnciitly  is  somewhat  more  fusible  than  the 

eloiu,  und  ia  usually  Balt-glai:ed  in  a  manner  shortly  to 

ibcd.      ITtdffWood-ware  is  a   fine  description  of  nIoim^ 


-Flur    £ar{AtHware. — Articles  of  this  description  ore  very 

•    ■r^acUircd  in  the  Staffor^Uhire  Potteries,  and  cou- 

y  uble  service  of  this  country.     The  Devonshire 

lire   elnya   arc   those   chictly  mxde  use  of;  they  are 

lar^ti  firu|iortinn  of  ground  Hints,  and  yield  au  iufu- 

lidi  hurue  nearly  white.     The  body  of  tltc  ware  ta 
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not  fusetl  in  tlie  firing,  bat  it  ia  rendered  imperviom  to 
niVMLs  of  a  fuaiblc  lead  glaie. 

4. — Common  Earthenware  is  iniuJe  of  au  inferior  Bfld 
description  of  cliiy :  botli  thi*  kind  of  wtirc  and  the  &vi 
ck  eoitilv  on  tl>e  sudden  ajiplication  of  beat. 

5. — Tlie  conrMKt  lU-scripliou  of  clay  goods  arc  bi 
floirerpot«,  and  similar  arlicles. 

6. — Article')!  vrltich  arc  rrquirrd  to  eland  a  Ligb  tr 
uicb  0*  fire-bricks  for  lining  furnaces,  Riufil<;s,  pots  for 
of  glass,  crucibles  for  melting  stocl,  and  the  Ilcssian  ( 
largely  in  demand  in  the  laboratory,  are  made  of  a  pun 
rilieoous  clay,  ti>c  shrinking  of  which  during  drying  is 
by  tlie  a<ldition  either  of  burnt  clay  of  the  uuuc  docrip 
what  amounts  to  the  same  thing,  broken  pots  of  the  sam 
rhich  are  reduced  to  a  tine  |iowder  and  iueorixul^H 
''paste.  Good  tirc-warc  is  nearly  white  :  if  coloured,  oi 
oxide  of  iron  irould  be  indicated,  and  this  would  nodi 

The  following  tabic  gives  the  composition  of  Mme 
importaut  variclic»  of  chinn  and  pottery  wan : — 
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(573)  For  the  finer  kimU  of  porcelain  uiueh  care 
'  ensure  the   purity  and  minute  subdirision  nf  the 
rell  a«  their  intimate  adtniilure.     The  clay  iaHrvt 
horixootal  stones  under  M-ati-r;  it  is  next  levigated  iu  vali 
the  coaracr  particliw  to  aubcvidc  while  llio  lighur  uom 
jwusion.     The  finer  sm>jx:ude<l  particles  arc  thi-n  (urrani 
ture  uf  the  coutiiHtiiiice  of  thin  nrcam  ;  a  wmc  pint  of 
lado  to  ivcigli  34  or  z6  ounces :  in  thi«  stati-  the  cm 

miied  with  the  ground  fclkii&r,  Uiul,  or  t>ii«-r  m: 
|>iM<e,  for  example,  that  the  pulp  is  ti)  be  miv 
thu  Hints  arc  hcatttl  to  rc«!--    -    -■',•-■'■ 
uud  thuu  roduced  by  s1an>, 
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IpaTile  powder ;  this  also  in  suspended  in  valer,  a  irinc  pint 

iUturo  bcinK  made  to  weigh  33  ouuccs.     The  two  ingre- 

ciuily  niixH  in  the  necestai?  proporttoos  hy  taking  %^ 

icttsurc  of  cnch   pulp  and  thoroughly  incorporatiag  them. 

ixtiire  thuti  ol)tiiiiii:<l  i«  tuohniuiily  termed  slip.     The  slip  is 

^tat»l  sod  allowed  to  Euhsidc  ;   the  dcpo&il  is  drained  (care- 

liiiug  it  from  time  to  time],  and  dried,  until  it  has  noquircd" 

at  eoofttstencc  to  allow  of  its  being  wrought  by  the  potter. 

I  labour  i*   afti;rnnnlN  hnttoni'x)  in  norking  this  clar  in  such 

icr  aa  to  render  it  of  utiiform  composition  throughout,  aud 

Brm  it  free  from  ur-bubhlcs.      It  is  generally  considered 

luctiirc  is  greatly  improved   in  quality  by  being  ollov 

for  «on>c  niuutltH  before  it  'm  vorkcd  up,  the  moss  being^ 

i)y    turned  orer  and  beaten.      During  tbu  process  of 

Utc  mnas  untlvT^ocM  n  slow  (change,  in  tht^  counc  of  which 

kof  orpinic  matter  which   it  contains  gradually  become  oxi- 

j  mlueiiig  the  sulphates  to  sulphides,  in  consequ«ucc  of  which 

|*t»  n  ilight  odour  of  sulphuretted  hydrogen,  and  the  colour  of 

becomes  somewhat  darker  fruni  the  formation  of  traces  of 

f  of  iron.     It  ia  of  great  importance  in  the  finer  specitneos 

to   avoid   the  presoQCC  of  organic  matter :  a  aioglc  hair 

lapc^  n  dcliatle  work  of  art  by  the  disengagement  of  gas, 

formatiou  of  bubbles  in  the  interior  of  the  mass  wbcu 


InlxKir  ia  expended  upon  the  coarser  kinds  of  pottery. 
I  the  nw  clay,  brought  from  Devonshire  or  Dorsetshire  ia 
of  nbont  30  poauds  weight,  has  been  dried,  it  is  ground  and 
with  a  certain  pro|X>rtiou  of  ground  llints;  it  is  tta-n  tcm- 
ritb  water  into  a  stiff  paste,  and  passed  between  rollers  to 
r.-M  of  fitting  it  for  the  wheel, 
i-al  oi>cralious  are  of  the  same  nature  in  erery 
aod,  for  fa»liioning  the  clay,  the  poUer't  tehetl  ia  id 
This  cntisists  of   a   circular  slab,   which   can    be 


HW. 


[to    rrvolvo  in  n  horizontal  plane,  either  by  a  trcddlc  or  by 

tunic^l  by  a  boy  or  girt.     A  masa  of  chiy  of  tlie  site  re* 

'     '     '  u[>o»  the  mointennl  slab,  and   is  worked  by  the 

i    revolving  during   the  whole  time,  ho  that  the 

1  compound  of  moulding  and  laming  ;  the  article  is 

jitiii-d  up  with  a  wooden  tool,  and  the  work  is  detuchcd 

rhrrl  by  pnMiiig  a  wire  between  the  ^laband  the  vessel. 

artici>!»  are  then  allowed  to  dry  for  n  day  or  two  iu 

itrd  from  90°  to  100"  P.,  in  order  to  give  them  linnncss 

\tD  permit  them,  when  necessary,  to  be  carcfullv  tvinved 


;  ;i  very  [mivms  -tiitr,  I 

-  st:ii;i'  riiiilily  alisorlis 

-  ■i"rf;tci',  ami  tliis  i>  t)i(' 

■  iliM^riis  ivliioli   the  tiiii 

_  ■■i;itti'r  {jnicrally  consist; 

.  lit'  tiirpciitiiit'  ur  witli 

■V  o^iik"  of  pijbalt  :  ijri'fii 

■■■:\iUif  (if  osidrs  nf  inm 

'  U'  <if  uraiiiiiiii  ;  and  a  {iim 

•..i::i>ii  iif  oxiilf  of  tin,  lii 

.'  iMiiiiiini.      Ill  ordiT  to  aj 

•Vi.'iii  ccipiii:!'  [ilatt's  on  a  tl 

-■.  :1ns  ]i:i|M^r,  wliih"  tiic  ni 

..■■.•  o!'  till-  I»i>cnit  ;  tlicik'-i;;!! 

t  ;M;U'r  is  n-aslird  nlY.      Tin? 

v.\:!i^  or  tiriiiv',  for  the  juir] 

^    ■■'  the  I'il.      I'or  (lemratiiifj 

.■:.'.  .■  imIiuiv    is   inJM'il  witli  a, 

,.-..;.■  ai'iil,  ami  nxidc  nf  li'ad,  n 

■i  ;■  :ainf(l  is  thni  rcdiifcil  by  Ic 

_■  ,  ■,.:  "ji  with  some  volatile  nil,  in 

,;i>;n.'J  iiatteni  liy  means  of  a  hi 

.-.~  '.'Ciii  i'oni|ili'lt'(l,  it  is  fired  nt 

'.•!  :ho  tincr  kiTnls   of  dc-corutlni 

■  T.:'.:Ei'r    ri'tiiiiri's    the    nicest  ni 
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riilrd  jiarticlct.  £«cb  uticlc  U  Uien  dipped  «>]»- 
mixture.  The  porous  tnaas  qoickly  abeorbs  tbe 
leariDg  n  tliin  anifonn  film  of  glaze  ppon  the  sitrface, 
14  prepared  are  then  enclosed  in  vesseb  made  of 
I  ttffffarii,  nnd  iiro  exposed  to  the  most  iutcmto  beat 
in  the  porodain  fumaea 
ig  onlinnr}'  caiilit-iiKaru  a  similnr  process  is  ndopled, 
Itompentiire  of  firiug  i&  below  that  required  in  the  blMcuit 
The  gluzr  umiallf  consists  of  a  fusible  material  ooutoin- 
nlerabk;  quantity  of  oxide  of  lead ;  a  mitture  of  kiaj/ar, 
,  ghua,  cud  white  lead,  a  la  comtnon  osc. 
I  gUuung  of  atone-irare  depends  upon  a  peonliar  mode  of 
Uon  of  common  salt.  Chloride  of  sodium  is  not  deoom- 
heat  olotw,  anit  if  heated  nitli  dry  silicic  acid  no  deoom- 
k^loount ;  but  in  tbo  prcscocc  of  silica  and  some  eubstanco 
I  of  impurting  osy^u  to  the  vodium,  and  at  tbe  same  time 
the  chlorine  with  which  it  is  united, — such,  for  in- 
1,  or  oxide  of  iron — tlic  suit  is  susceptible  of  de- 
aC  an  clevHtcd  tcmpcrstorc ;  aihcate  of  soda  and 
He  3ietd,  or  nilicate  of  Mxla  ond  pvrdiloride  of  iron,  as 
may  be,  being  formed.  The  various  ntcnsils,  having 
iuto  aand  and  wuter,  are  ]ilacol  in  tbe  kihi,  and  arc 
niwd  to  au  iutcnsc  beat.  A  ccrtaia  quantity  of  moist 
ttUruutu  in  :  the  cblorjdo  of  sodium  is  quickly  oonvcrtcd 
Bud  the  salt  is  decomposed  by  tbe  silica,  and  tlie 
in  ttie  eUy,  kided  by  the  atvam  pnxlucctl  in  tlie  com- 
fe?  the  tucl  in  the  furnace.  The  pcrchloridc  of  iron  and 
add  )ia»  off  in  Ta[)our  with  tbe  exceiui  of  salt 
whilst  the  fiilieate  of  aoda  fuses  u|>ou  iho  ware,  and 
lit  JEnper^ious  to  liquids.     The  roatitioits  may  be  thus  re> 


no  +  NaCT  +  SiO,=  HC!  +  NaO,SiOj;  and 
r^O,-(-3  .NaCl  +  3  8iO,=Fe,Cl,+3  (N»0,8iO^. 

worthy  of  remark,  that  altliougb   clay  contracts  rtltf 

heat  when  itn  ilciitity  is  uniform  tbrnughout,  yet  if  its 

.  bo   uDcquol   in  difiercnt   parts,  tbe    contraction   is   also 

I;  bcuce  I  bough  a  vessel  may  i«>iic  tniootb  and  well  finished 

t  *t  H  hanils,  it  often  assumes  a  f>lriated  and  nneveu 

<tK  .„  tlie  pn)<H;»it  of  firing;  and  if  a  stamp  be  im- 

(fKUi  clay  while  aofl,  and  the  whole  surface  be  shaved  away 
'is  visible,  the  mark  of  the  stamp,  after 
mer  more  or  less  distinct. 
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on  a  Uthe.     After  ' 
and  omameDts  mnv 
adhere  readily  by  n<< 
inaas,  which  is  etii' 
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to  heat  in  the  /«*" 
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into  the  fbrmatioi 

mr  the  purity  and 

yj^antting  material  was  ( 

.acoli  by  a  tedious 

■ie  atone,  broken  ii 

_^_^.   ae  heated  fragments  W' 

.„  -.^y  were  rendered  mon 

' "     "  ,,-„   xnooMte  of  lime :  they  w 

J—  Ttth  a  thin  syrup  of  ho 

_^   — ■»  into  a   paste  with  a 

.^^  ^  3)  remain  undiiturbcd 

^  tf-irted  from  it  by  8U&peiisi( 

cue  is  now,  however,  mam 

rhe  following  process  ans 

_  of  finely  washed  kaohi 

^       ^   ^•j.ir  and  I  a  of  charcoal,  are  i: 

~      "*"      ,  .3«Med  crucible  to  a  bright  red 

_     ^B  residue,  which  should  nol 

■"  ^"^      _  ^cm  colour.     It  must  be  wel 

-  "^  _^^  _  ja  of  its  weight  of  sulphur,  aui 

"  "**"    ^,^  ^Bi,  little  above  that  requiret 

"*"'  „^  ^  giphur  has  all  beeu  hurued  o 

~"^       .^^  X  ^iled,  and  the  roasting  rcpci 

_BL  aoiiions  of  sulphur,  must  be 

—    "      _  -lie-  mass  acquires  a  bright  blue 

■  iiLl  exists  as  to  tlie  true  iiatu 

"■-^      ^-zpjrine.     Accoriliug  to  the cxiici 

"        vaje  ."areful  analyses  of  a  variety  o 

a,",  xih  froni  his  own  mamfactorj- 

^  --^fjif  is  composed  of  two  poitior 

"  "        ^  .vcposition ;  and  which  he  rcgar 

\VT ;   it  is  attacked  with  facility  1 

"!_^  ^Jphuretted  hydrogen :   the  othe 

yi  fji.  and  contains  a  variable  amouu 

«;.  «^  «lpLuric  acid.      His  analyses  of 

,,.;,-s.im:  nearly  with  the  formula  (2  AU' 

_i^_\  5-0. +  3  NaS),  wLich  would  couti 
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^  Um  colouriner  nrinaple  as  R  om. 


OY  TUZ   COHrOt'KDS  Of   ALVMl.VVU. 

and  fiiilphide  of  eoAinm.     He  states  that  tlic 
fciunii  not  to  be  OfMiitinl  to  tlic  production  of  tlir 
in  »Lill  ft  mutter  of  iloubt.     According  to  BriiiK 
iug  compouni],  m  wtiicli  sulphide  of  potosfium  is 
Iphide  of  BOilium,  is  coloarleaa. 
e,  if  bcatcd  ill  the  nir,  gradually  assumes  a  dull 
ben  heJiteil  with  aulplnir,  it  is  not  changjeil  j  if  nielt«r(l 
ulphur  and  carbonic   acid   escape,  and  a  oolourtc^a 
Siitphiiric,  nitfio,  and  hrdrochlorie   acid.*  decom- 
tbo  colour  is  quickly  dcstrorod.     Chlorine  acts  still 
dlaaolriog  *»'erj'thing  but   the  silica,  and  coin|ilet«Iy 
bo  colour, 

aHACTBU   or    THE   CoMPoWDS   OP    Alvmixum. — 
«nlt«    of  alnmintim,   ivith   tlie    exception    of   the 

oolourlew.    Tlicy  have  a  sweetish,  strongly  astriiigcut 

■cid  reaction  upon  litmus. 
he  hlowpipe  thff  coni[x»und8  of  aliiminnm  arc  distin- 

he  furmaiion  of  a  pale  azure  blue  if  moistened  with 

mit  aod  gently  ignited. 

n,  tlipy  give  with  hydromlpkate  of  ammonia  a  white 
hydrate  of  alumina,  with  evolution  of  sulphuretted 

Ammonia   produces  a  bulky,  scmi-transparont,  gcla- 

litate  of  liydrate  of  alumina  ;  it  is  nearly  insoluble  in 

Btnonia,  or  of  its  carbonate.  Potash  dissolves  it 
it  is  reprcci  pita  ted  on  adding  muriate  of  ammonia  in 
earboaaio  of  the  afiaUes  produce  the  unnic  prccipi- 

bmgngement  of  carbonic  acid  gas,  but,  according  to 
retains  a   portion    of  carlwoic  ncid.     Sutphate  0/ 

mlpburic   lunil  in  Nli^dit  excess  added  to  solutions  of 

llnnunum,  and  evaporated,  furui>!i  wcll-niurked  octo* 

lis  of  alum. 

9it   0/  jHumiMa. — The   quantity   of  nlumiun  in    the 
anaiyi>i>>  ix  ulwnys  estimated  from  the  precipitate  by 
its  carbonate  or  hydrosulpbate ;    when  thoroughly 

ipcrkticin  which,  from  iu  gelatinous  nature,  is  tediouv), 

ited,  it  consists  of  the  pure  earth  only. 

•paralion  of  Alumina  from  the  Atkalitt  hkiI  Alkaline 
l|j{XMiiig  oingnexta  to  be  present  iu  the  liquid,  a  lolu- 
riile  of  ammouium  is  first  added  to  it,  unless  it  he 
Ad ;  on  the  addition  of  enattie  ammonia  in  flight 
ltjJrat<:  of  alumiua  is  precipitated.      Uydrosul^diate 
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of  ammonia  is  a  etill  better  prceipEtant,  if  tlie  liquid 
first  ne&rlj-  ncutnUiiwd  by  atnmonm  ;  the  prccipitnto  u 
voluminous,  and  requires  {)crs«n'oring  washing.  On  i 
yields  pure  alumiuu.  The  alkalies  oud  alkaliud  cortU*  ( 
the  »olution  which  has  been  filtered  fnm  the  alumina, 
■mount  may  bo  dctcnniuod  by  the  methods  already 
ISSS  et  «».)■ 

^  II.  GinciMuu  (01=47).    ■^-  ^'  **»• 

(577)  Olccixcm,  the  bayUimt  of  G^rmim  ffritcn,ii 
from  the  emerald,  or  the  brryl,  which  consist  chicJly  of 
alumina  and  elwHMft  [3  C^^'O,  SiOj)+Al,0^,  3  SiOJ.  ' 
is  procured  from  its  chloride  io  the  same  way  as  atumii 

Olueinum,  acoordiug  to  tlie  cxperuiients  of  Debra; 
Chimie,  III.  sliv.  j),  U  a  white,  malleable  metal,  fusible 
melting  point  of  ailver.  It  does  not  bum  tit  air,  oxygi 
vapour  of  sulphur,  but  it  combiues  readily  with  cbi 
todino,  aud  also  with  silicou.  Tbe  vapour  of  waler  is  n 
poeed  by  it,  even  wtien  the  metal  is  heated  to  full 
cspoted  to  it.  (iliiciuum  is  easily  dissolved  by  dilnu 
cbloric  and  sulphuric  ncids:  nitric  acid,  whether  dilnlo 
eentnte<I,  acta  but  feebly  uiwu  it.  It  is,  buncvcr, 
•olrcd  by  a  solution  of  potash,  with  evolution  of  hydfog 
not  acted  upon  by  ammonia.  Olucinum  forms  but  1 
there  is  some  doubt  whether  this  should  be  rr^arded 
u\ide,  or  as  a  scsquioxide.  Berzebus  adopted  the  lattor 
lat«ff  researches  Cavour  the  supposition  that  it  is  a  proto! 

(578)  Glucixa  (010  =  137;  ^p.  Or.  3-96;]  iaex 
tliG  1>eryl,  of  whieb  it  constitntos  13*6  per  cent. :  the 
ntluoi-d  to  a  rery  fine    powder,  foacd  with  carbonate 
trcate<l  with  hydrocbloric  acid,  evaporated  to  dry: 
ened  witli  acid   and  treated  with  water;  in  this 
uonpt  the  silica  is  dissolved  :  tlio  filtered  liquid  b 
t-xn-ss  of  a  soluiiuii  of  amuiunia,  wliicli   oocaMitaa  a 

precipitate  containiug  botli  alumina  aud  gii:i ■':!) 

is  well  » imliL-d,  aud  tlie  glucioa  is  dissolved  > 
br  di^stiug  tbe  maia  in  a  solution  uf  caHxiiiate  cm  am 
*  sffain  filtered,  and  upon  boJliu;;  the  clear  liquid, 
l^iKiua  is  dnfiuftitcd  as  a  wbite  jMjvdnr,  which,  wtipit  ten: 
fna  (laciua.     l-'ruhly   precipitated  tcluiiiia   fci 

'  ■  "'^t  taiaoious  miwa,  tmi   it  docs  v-'   '-■ 
.^L    rhi!  fiaud  alWolica  and  t  . 


CBAXACrERS   OF   THE    SALTS    OF   OLCCIXCM — ZIBCOMUM.       <183 

mulily.  Hydrate  of  glucina  yields  s  bulky,  wlitc,  gdntinous  mass, 
■htcli  abimrln  curlioniR  acid  from  the  air.  ^Vhcn  licate<]  with 
R^utiODH  of  the  salts  of  ammonia  it  displaces  the  ammonia,  and 
I  gradually  dis»olve().  The  cMtiride  (0lC!  =  4O'2)  is  jireparcd  in 
he  same  way  aa  the  chloride  of  aluminum ;  it  sublimes  in  vhite, 
rilliant, fiuiblc  »i«dlw,  which  are  very  deliquescent;  a  hydratet! 
CJilonile  may  be  obtained  in  crystals.  Gluciua  combines  with 
lulphuric  acid  in  »«Teral  proportions:  one  of  these  Kulphatca 
G10,S0,  +  4Aq)  ciystalliacs  in  octohcdra;  the  other  sulphates 
ire  amorphous  sub-Kult9.  An  atumiiutle  of  glucinn  coloured  irith 
leroxide   of  iron  occurs  native  in   the    gem  chrysoberyl   (GIO, 

(_579)  Characters  of  the  Salts  or  Gutcikcm. — The  salts 
if  glucinum  have  a  sweet  taste  (whence  the  nnme  gluciiium  was 
Jrrivcd,  troxa  yXwurOc, '  sweet'),  » ith  a  slight  sstringency,  and  have 
ui  acid  reaction  upon  litmus.  They  are  colourless,  and  arc  dis- 
Imgnished  from  those  of  aluminum  by  not  yielding  an  alum  vith 
Nilphate  of  potasli ;  nor  n  bhic  when  heated  before  the  blowpipe 
sith  nitrate  of  eolnalt ;  and  by  giving  with  carbonate  of  ammonia 
■  white  precipttstc  of  carbonate  of  glucina,  easily  soluble  id  excess 
ithc  alkaline  salt.  Ferrnct/anit/e  of  potassium  givea  no  prcctpi- 
in  their  solutions :  a  white  precipitate  of  hydrate  of  glucina 
produced  by  tulpkidt  of  potasinum,  with  extrication  of  sulphu- 
hydrogen.  If  a  hot  solution  of  fluori<fe  of  polasaiam  in 
be  added  to  a  hot  solution  of  a  gluciua  salt,  kciiIch  of  a 
ngiy  soluble  donblc  fluoride  of  glucinum  and  potassium  are 

Glneina  is  always  estimated  in  the  form  of  the  anhydrous 
wth. 

5  III.  Zirconium  (Zr=33*6). 

{$80)  ZiRCONtt;ii  is  the  metallic  base  of  an  earth  contained  in 
fhe  zircon  and  the  byadnth,  which  are  sttieattiit  of  zirconia.  The 
stFtAJ  is  proeiired  by  heating  the  dnoride  of  potassium  and  zirco- 
nium witb  potassium,  and  treating  the  residue  when  cold  with 
fibAed  hydrochloric  acid,  by  which  everything  except  the  zirconium 
ved ;  the  metal  i»  left  in  a  pnlvcrulcnt  form,  uud  must  be 
ed,  fir*t  witb  a  solution  of  chloride  of  ammouiura,  and  then 
nl(^lK)I ;  if  water  be  usc<l  for  the  wasbiug,  the  finely  divided 
iuia  pib»<ai  through  the  filter  in  RnspenNion  in  the  water. 
It  thn9  obtained  it  is  in  the  form  of  a  black  powder,  which  does 
m  conduct  a  feeble  voltaic  current ;  under  Iheburnwbet'Awfcumw 
I  ilightly   metjillic  luftrc.     It  has  not  be«u  fused  -.   vtYtew  VcaXc^ 

1 1  a 
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of  ;i  _.-  -~-  ';i;:i,'T  r;ii;.:*j  a'.iJ  li\i: 

first  ..-~  t':..'.^-:.z*^  .    oiluuil  s 

voli.  -     -  :i: '■.:.      l{^l:'>±\:-n<i  i 

yici-  ■ ..-  ^z.  :';r:L:::.j  j  :'.uoriili 

the  ■   ■    .:-,    I  t.-i::l'c':  ■■''  iluozi 

aril'  .       .,>    zLi'.u^-      B::!:;.,'  wa 

(.-i.^  .  .  .:.:■:  -r;:!.   *;::,L\r  '"^ 

■r  T!.:Ji   ji   1..;:    .■...    ::.: 


fi- 
i- 
{ 


\  .  Or.  j.-_^. — 7.\YC<i<".:.::. : 
,  :  :.i  a>  ;i.o  SL'Sijuiuxiiit-.  ■.'./ 

:!;iiiy;:  ■'.iLTcil  zircuii"::; 
_-_:iiii  ":::.  ;. v li rot-] il uric  ;;i' 


'  -  I'XI'ilUi  '■/    ivujiomtiuj; 

^  TsiiT,  :l.o  i'...;:"Jo   nf  iir>' 

'  ■.-.,  ioluiiou  is  >L,-i.iiinn)si'.i  ^ 

J  ,  .1  i*  iliii?  ju-oc'iiiitutiil,  ii:.:l 

^  ;..at,  it  fjlowi  brilliiititly  .i.: 
'  ._jt'r.     Zircoiii;i  fomis  a  «l 

'  ^  :.:\\,  is  insuliiWK'  in  uc'nU, 

-  .  ,i.       Tlic  Iiyilnitc  is  ;i  ;;i 

i:unii;i:ly  i^olulili;    in    c;irl 

-.  .  caustic  alkalies.      Il'ii.i 

'  ,.!li;.liuc  carbonate,  tin-  ;i 

'  .         "  ■.■.;[!(  cxcos  of  tbe  nlkal. : 

.  ;  'ly  Iwilin^'  tlii;  M.>lnti(.:i  ; 
i'  ..  -viliitiuii  of  ^■iilihliuti'  of  ii: 
ii  -  ..  :i  ailiiod  liL' biiili^l,  ;i  cliar. 
ti  ,  jubsiil[i!iatu  uf  KJi'i-oiiia  tail 
c'l:  .;uil  i'ciiiaitin  di»^i.ilvcil.  T 
t'\>  .-:  "I  ^p.  GV.  iif  voji'iiir.  >>■■.■- 
CM  -  -  ■.■.:i)li'  in  water  and  in  :i!iiil 
im-'  :,:A  lOsc  water  and  bvilnvliio 
is  111  ■ .  :s  soUiblu. 
bvd,. 


^^  •^'^•'-  .-  .-.nvsipiniii  tu  llii'f.iriinil;i  Z'<'\.=i 

fjliioina  "  '■*  -■■■ii'.  ai-iuriliiij;  !■■  "Ii.'iu  iirivuiui 

I  ■  .-tliiT  dempiit.  iiH  If  )i:irlic-ularlv*rt 

I    "    o  ..        vT.iiim.  anJ  of  tiie  lluPiircoiiaiw;  I 

somen  hat  _,.   i,.-'  *."  t^.  if  the  atomic  wt-iglii  uf  /iiwK 

wlieii  iguiiLv. 


THORINtlM,  TTTHtm,  RXRIFM,  AND  TCRSICH. 
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Zirconift  n  dUtin^iuislird  from  alumina  and  glurina  by  its  in- 
wlultilitv  iu  thccauflif  alkalies.  Its  salt*  have  a  purely  n*triiigcnt 
t»te;  wlien  boiled  with  the  sulphate  of  potash,  x  sjiaringly  soluble 
MihNulphate  of  the  earth  is  fonn«I.  Tincture  ofgallt  gives  a  yel- 
low prci:i[iitntc  in  their  solutions  ;  ferroa/anidt  of  potassium  does 
Bol  produce  a  precipitate  with  them. 

Svanbei^  rrgards  tirconia  not  as  %  pure  earth,  hut  a*  a  mixture 
of  tlircc.     To  one   of  the  mctids  which  he  eonsidcrs  that  he  has 

ited,  this  cheiaiftt  gave  the  Duae  of  Korium  ;  but  tliese  results 
preecat  need  confimiatioa. 


I 


§  IV.  Thorinum,  Yttricm,  Ehbicu,  Terbium. 

{582)  TBOEixrM  (Th  =39'5)  was  discovered  in  1 829,byBcr7diu«, 
1  rare  blaeV  ininend  tt-rmcd  thorite,  found  in  a  Hyemtie  rock  in 
ly.  This  metal,  like  alumiiinni,  is  procured  from  its  chloride, 
n  a  volatile  compound  obtained  by  heating  an  intimate 
;ture  of  thoriua  and  finely  divided  charcoal  iu  a  current  of  dry 
diloriue.  Tlwrinum  much  resembles  aluminum,  but  takes  fire 
eomsidcrably  below  redness,  and  burns  with  great  brilliancy ;  the 
illing  oxide  shows  no  traces  of  fusion.  Thorinn  ic  eoiiMdered 
be  a  protoxide,  and  i*  remarkable  for  it-*  high  specific  {gravity 
(9403).  It  is  insoluble  in  solutions  of  the  caustic  nlkalie*,but  is 
tUaaolved  without  difficulty  iu  those  of  their  carbonate!>.  After  it 
kas  been  ignited  it  is  no  longer  soluble  in  any  acid  except  the 
raneentmied  anlphnric.  Its  salts  have  an  aidringent  taste,  and 
ibcir  solutions  give  a  white  prc^ripitate  with  fcrrocyanide  of  potas- 
mm.  Sulphate  of  tfaoHim  forms  with  sidphitte  of  potash  a  double 
nlphate  of  potash  and  thoriua,  which  is  soluble  in  water,  but  is 
■■■-ipitatni  by  n  saturated  solution  of  sulphiite  of  potash.  Tbc 
.',e  of  thoriua  exhibits  the  characteristic  peculiarity  of 
facing  precipitated  by  boiling  its  solution,  but  it  is  rcdissolved 
tlowly  on  cooling.  Its  crii'stals,  like  those  of  sulphate  of  yttria, 
when  heated,  become  milk-white  without  altering  in  form.  Oxalic 
irid  givo-<  with  salts  of  thorina,  even  in  acid  solutions,  a  white 
insoluble  oxalate  of  the  earth. 

(583)  Yttbivm  in  ohUiined  by  a  method  similar  to  that  em- 
|ioyed  for  aluminum  and  glucinum.  This  metal  is  not  oxidized 
Then  Bested  to  redness  cither  in  air  or  in  anueons  vapour ;  in 
S^rgen  it  bnms  with  superb  scintillations ;  dilute  acids  and  alka- 
Its  dissolve  it  slowly. 

YUria  is  a  rci/  rare  earth,  foand  in  ffadoUnile,  yiM\f!a.  \a  a.  wXi- 
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catc  of  yttria,  f^lticina,  cerium,  and  iron  ;  it  oocun  also  !d  yttrotm- 
talite  coiiibiui^il  willi  laiilaluiu,  and  in  one  or  tiro  other  very  nre 
minerals.  It  is  considcreil  to  be  a  protusido,  and  forms  a  whiU 
cnrtliy  [>ow(ler  of  t>[>.  gr.  4'^42  ;  it  is  insoluble  in  tli«  cau&tic 
alkalies,  bat  the  carbonates  of  the  alkalies,  o^ivcialljr  that  of  am- 
monia, dissolve  it. 

Its  salts  are  colonrlcas,  thoy  have  a  Bwectish  astringcat  tast« ; 
their  eolutious  yield  n  white  pre^npitale  wilh  ferrocyauidv  of  |>oU». 
aium.     Its  mo»t  characteristic  salt  is  the  solpbate,  the  crTstals  of 
which  Io»c  water  ut  176'^,  nnd  become  milk  white,  without  ci 
of  form ;   on  being  put  into  water  they  do  not  resume  their 
parcncy. 

Mosander  states  that  three  bases  have  been  confounded 
the  name  of  yttria ;  to  the  more  abundant  of  these  lie  gives 
name  of  yttria :  the  other  two  he  distiuguisbea  as  erl»a  and  teriiaJ 
Tlic  oxide  of  erbium  has  a  yellowish  tint,  but  its  salts  ace  cok>iir> 
less ;  tlie  salts  of  terbium  hare  a  pale  rose  colour. 


§  V.  CxaiuM,  Laktoancu,  ajio  Didvuich. 

(584)   Closely  alliccl  to  the  metals  of  the  cartlis  arc  throe 
metals,  the  oxidcit  of  which,  being  more  or  less  coloured,  hare 
generally  been  considered  as  belonging  to  the  earths  proper, 
need  no  lengtljcuetl  description,  aa  they  have  httliorlo  been 
only  in  a  few  rare  minerals,  of  which  ecrUe,  a  hydratcd  sul 
of  cerinm,  in  the  most  common.     Till  recently  they  were  all  coo 
(bunded  together  under  the  name  cerium. 

Ckihum  itppcars  to  fijrrn  two  oxides — a  protoxide,  and  a  sesqa 
oxide,  both  of  which  yield  salts  with  acids.     The  best  known  1 
these  is  the  double  sidpbnte  of  protoxide  of  cerium  and  potatb 
which  is  insoluble  in  sulphate  of  potash.     The  sew|uioxidc  h» . 
yellowish  tiugc,  and  it«  salts  arc  yellow  or  red. 

Lanth.in'cm  (so  named  from  XavGavio,  '  to  lie  hid*)  was  ■ 
covered  by  Mosandcr,  in  1841.  It  forms  only  one  oside,  which 
buff-ooloured,  aud  freely  soluble  in  diluled  nitric  acid.  It  fo 
colourless,  nstringcnt  salts,  which  girc  a  white  precipitate  with  1 
soluble  oxalates. 

DrovMivM  also  furnishes  but  a  single  oxide,  which  is  of  ads 
brown  colour,  when  anhydrous ;  in  the  hydrated  state  it  at 
carbonic  acid  from  the  air.     Its  salts  are  pink  or  violet-colout 
and  are   not  predpitatcd  ot  ordinary  temperatures  by  sulphide  1 
Ofuoioiiitun. 


■ST 


chapteh  XIV. 


I 


>rp    IV. — UKTAl^   MOHK  OR   LBBS  .ILLIKD   TO   IROK. 

k»c  (Zu=337).  Sp.  Gr.  6-8  to  yi ;  Boilinj/  PI.  1904"  F. 

;)  Zinc,  or  getter,  u  it  is  often  csllcd  in  mmroerce,  has 

awn  iu  tlie  metallic  form  aiiiop  tlm  time  of  Piirocelcns.    Its 

in  oousiduru  1)1(^1  abundance,  though  it  is  never  met  witli 

ire  HtKle.     Much  of  the  siiui  of  commerce  is  sopplieil 

IcBta,  where  the  ore  wrotight  is  ealam'me  ;  the  common  or 

colRiaiae,  a  carbonate  of  xiiie,  ia  tlie  most  important 

pihotigb  the  priamatic  or  electric  calamiue.ft  bydrstcd  sub< 

I  of  unc,  IA  found  often  in  the  Oarinthian  on*:  it  i»  much 

;ult  of  rc)ducttoa.     Carbuuatc  of  zinc  in  alflo  extensively 

in  Bcilg^iuin,  wliere  it  is  found  mixed  with  clny.     In  the 

Uiiis,  in  Somciwtshirc,  the  carbonRtc  of  sine  is  associated 

limestone.     Blende,  or  sulphide  of  sine,  is  woiked 

to  tome  extent ;  it  usmilly  accompanies  the  sulphide 

(or  gnlooa)  iu  the  mountain  limntune.     In  New  Jcrwey 

of  sine  has  been  found  iu  large  quantities  both  mas&ive 

Ihzod;  tlie  colour  is  due  to  odmixtorc  with  oxidea  of 

nud  iron.    It  fonns  a  ralunblc  ore,  and  is  easily  mlaccd. 

lyror  ilijS,  1 1,536  tuns  of  zinc  were  extracted  from  Kiijjlish 

S)  ExtraetioH  of  Zinc  from  Ut  Ore*. — In  the  extraction  of 

ittT  from  Iflcndc  or  from  calamine,  the  ore  is  crushed  bc< 

■,  and  uudcrgoes  n  prooeas  of  roasting ;  in  the  ca&e  of 

preliminary  mechanical  trcattiunt  is  required,  in  order  to 

tho  galena  as  completely  as  possible,  ts  the  pmcttce  of  lead 

i-vinn  rapid  destruction  of  the  crucibles  during  the  sub- 

fniucttou  of  llic  metal.    The  roasliiig  of  blende  is  tedious, 

to  lie  carefully  performed ;  the  sulphur  bums  away 

■dd,  and  the  sine  becomes  oxidiietl ;   iiuS  +  3  0 

■  SO^     CalamiDcalso  yields  oxide  of  eioc  when  roasted, 

JM  cttrbonic  acid  and  water  are  expelled.     The  roasted  ore 

Iter  source  is  mixed  with  half  its  weight  of  powdcn.-*!  coke 

•cite,  and   inLiudticed  into  cru<:ibles  of  peculiar  eoDstntc- 

riic  mrthud  of  reductwn  practised  ia  England  offers  one  of 

iottiiuces  iu  which  distillation,  per  dtteenttan,  is  stiU  \itac- 


ESTBUCTION    OF    21\C    FEOH    IIB  ORES. 

»  circular  ftimacv,  Bonicwhat  similar  to  tliat  used  in  making  I 
is  cmplovcd  :  in  tlii&  furnace  six  large  cUy  crucililes,  (tliree 
of  which  arc  reprcsL'uU'd  in   Uic  Kcctiou  at   a.,  a,  a,  fig.  323JJ 
each  4  feet  high  and  2',   feet  iit  diameter,  are  arranged,  three oa I 
cHch  side  of  the  firebars;  ouc  of  these  crucibles  is  febovn  in  &gc*| 
tioii  ill  tbe  tigiire.     In  the  bottom  of  cacb  crucible  is  an  opcnini^J 
to  which  A  short  iron  pipe  is  attached,  wliicU  passes  out  tJiroii|h] 
the  bottom  of  the  furnace ;   to  this  iron  tuljc  a  >t.-oond  wider  to 
b,  about  eight  fi-ct  long,  is  fastened   in  such  a  manner  aa  taj 
readily  reuiovcable  ;  l)ciivath  the  ojien  end  of  this  tube  a  ti 
iron  rtMcl,  c,  ia  placed  to  receive  the  aiuc.     The  bottom  0 

crucible  is  then  Ic 
Fio.  3>j.  plugged  with  large 

of  coke,  and  a 
containing  from  4  to 
cvrt.  c^  the  mixture 
calcined  ore  and  coal  ii 
introduced  into  each  pot, 
and  the  oovcr  is  caiv> 
fully  luted  on.  Carlxinic 
oxide  ia  first  evolved 
iibundantly,  and  bum 
ffitli  a  blue  flame  at  the 
mouth  of  the  short  titn 
tube ;  ill  a  few  hours  tbo 
colour  of  the  flane 
changes  to  brown,  when 
the  cadmium,  wliich  i> 
more  volatile  than  tioc, 
comes  over,  and  may  be 
condeiLsed.  When  tfaft 
coloor  ot  the  flunl 
change*  to  bluish-whitt 
the  sine  is  dititilliB{ 
nearly  pure.  The  ftane 
in  then  extinguished  bjr 
atladiing  the  longer  tube,  and  the  metal,  which  is  oondcaucd 
partly  in  jiowder,  partly  i»  ittalaetitic  masnes,  falls  dowu  into  ths 
iron  vessels,  c,  c,  placed  for  its  reception.  The  zinc,  being  volt 
tile  at  very  high  temperatures,  boils  and  distils  a*  the  operation 
proceeds.  In  order  to  prevent  the  pipe,  A,  from  becoming  chol>edf 
it  is  occasiouftlly  removod,  and  the  itinc  detached  from  it.  The 
crude  metal  is  mingkd  ■«"a\\  a  ^ooi  iicA  <A  QiaSto  -.  \\.  i&  tLerefora 
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i,  kklrnmed,  aud  caat  iuto  i[i<:^ts ;    or  (ir  intended  for 

)tu  HliuctK,  and  tbcii  Umiiiali-tl  at  a  teniiwrnturc  of  about 

Calamine,  wliicli  contaius  52  per  cent,  of  metal,  does  not 

u  average  above  30  ;  tlic  greator  imrt  of  lltc  silicate  of 

!•  calamine  almost  alvaj's  coQtaias,  cscapiug  dccompo- 

7)  lu  Silcftia  the  distillation    ia  eOcctcd  in  muffle-shaped 

retorts,  which  arc  ranged  iu  two  roirs  on  the  same  plane 

i  )oag  furnace,  hack   to   back :  the  oater  end  of  eacli  retort  la 

Kil  with  two  apcrturco  ;  the  lower  one  is  employed  for  intro* 

tlu-  charge,  and  is  afUTtwards  carefullj-  luted  up,  whilst  the 

one  ia  for  rcoeiviog  a  bent  earthen  pipe  which  carries  off  the 

a»  it  distils. 

18)   In  Belgium  the  distillattoa  is  managed  quite  diOcrcntlj. 
treated  in  that  country  arc  of  two  kinds,  both  oceurnng  iu 
of  elay  almrc  a  l>ed  of  dolomite : 
l*«l  varicly, containing  about  3^  per 
aiac,  nitii  a  good  deal  of  oxide  of 
,t  admitting   of  reduction    at   a 
tciiiijcrntnre ;    the    other  is  a 
also   a   calamine,  whidi  con> 
t   46    per  cent,  of    tine,  anil 
a     much    higher    temperature 
oction.     Tliese  two  species  of 
kept    dtstiuct    from   each    other 
the    process    of   smcUiiig.     TIil* 
having  been  washed  to  remove 
■,  U  roasted,  during  which  opera* 
about  2j  iier  cent,  of  water 
acid.     After  this  it  is  re- 
ft flne  powder,  and  thoro\ighly 
til  half  its  weight  of  coal-dust: 
uru  is  then  illtr<>lltlc<^d  into  clay 
<ut  tliree  Ject  eight  inches  long 
in  diameter ;  each  retort  i» 
itb  abuut  40  lb.  of  the  raistnre 
.lUiil   routed   ore.     Forty-two   of 
arc  arranged   in  an   arched 
10  rows  uf  six,  pimped  one  above 
Tlie  backs  of  llie  retorts  rest 
Ilea  in  the  wall,  e,  fig.  324,  sod  are 
I  on  a  slightly  higher  level  than 
itromitics,  which  ivst  iu  front  upon  iron  plates,/,/,/. 


[ 


i 

I 

L 


490  prRincATioN  or  xiKC— m  pbokhies. 

cacb  retort  sn  open,  somevbat  conical,  csst-iroD  pipe,  c,  w  luted ; 
this  Berres  as  «  recover  for  tlie  dittlillcil  metal.uid  ^3fon  gbcIi  of  tha« 
receivers  is  fitted  a  Brcond  receiver  of  afacct  iron,  d,  with  an  openly 
at  the  extreniiti,-  for  tlie  <»ca]>c  of  g»»-  Tlic  fire  bj  wlitch  Uie  retort* 
arc  h«atcd  is  sbomi  at  a.  In  aoob  a  fiiraacc  two  charges  may  bv 
worked  olf  in  tweiity-roitr  hours.  During  llie  o|ienition  the  uaall 
adapters,  d,  »,  arc  vithdrawn  once  in  two  hours,  and  the  li<]tiid 
tiiu:  which  haa  eotidensed  in  the  receivers  is  raked  out  into  a 
largo  ladle  and  cnst  into  ingots.  Wltea  the  distillation  is  complete, 
the  renduea  in  the  retorts  still  rL-taiu  ncnrlT'  15  per  cent,  of  sine, 
which  is  chiefly  in  the  fbrni  oi  silicate  of  the  oxide ;  this  portion  ia 
eutircly  irurt<Hi  fPiot  and  Mumilhe,  J«i«-  ties  Mint*.  IV.  v.  165). 

The  retorts  in  thn  upper  pari  of  such  a  furnace  nEcci-ianl]r 
recdvc  less  facat  than  those  in  the  lower  port,  and  heuoe  this  pro- 
eesa  is  particularly  well  adapted  to  the  Belgian  ores,  because  the 
poorer  one*,  which  n^'quirr  less  heat,  can  be  employed  in  cba^iuj; 
the  upper  retorts. 

(589)  Preparation  «/  Pure  Zinc. — Commercial  eiirc  containt 
a  small  rjuantity  of  lead,  iron,  and  of  a  peculiar  carbooaoeona 
matter,  besides  occasionally  traces  of  araeuic  aitd  of  C0[q>cr.  llH 
beat  method  of  obtaining  the  metal  iu  a  state  of  purity  coasiata  ia 
tcvnsmittiug  sulphuretted  hydrogen  through  a  slightly  acidulated 
solution  of  sulphate  of  einc,  filtering  from  any  precipitate  whidi 
may  be  formed;  and  after  boiliuf;  the  solution,  iu  order  to  cxpd 
the  hulphurelted  liydrogfin,  preeipitallug  the  zinc  in  the  fonn  of 
carbonate  by  the  addition  of  carbonate  of  tuxU.  Tlio  carbonate, 
when  igiiiti^,  is  converted  into  oxide  of  zinc,  which  must  W  dis. 
tilled  in  a  porcelain  retort  with  charcoal  prepared  from  loaf  sugar. 
(j9o)  Properties. — Zinc  is  u  haxd,  bluish-white  metfti,  whidi, 
when  a  mass  of  it  is  broken  across,  exhibits  a  beautiful  crystalline 
fractiu-c.  It  is  rather  brittle  at  ordinary  temiwratures,  but  between 
300°  aud  300°,  it  i»  posseitsed  of  cousidcrablc  ductility  and  malleabi- 
lity, and  it  may  be  laminated  and  wrought  with  ease :  at  a  tempera* 
ture  a  little  higher  than  this,  it  again  becomes  ao  brittle  that  it 
may  be  pulverized  iu  a  mortar.  It  fusea  at  773**,  and  at  a  brigbt- 
red  beat  it  may  be  volatilixed  :  the  temperature  of  its  boiling  poLDl 
is  estimated  by  Deville  at  1904°  F. :  if  its  vEi{>our  be  exiiowd  to 
tlie  air,  it  burua  with  great  splendour  and  is  converted  into  oxide, 
which  is  deposited  in  copious  white  flocculi.  Zinc  soon  tarnishes 
when  exposed  to  a  moist  utinospbere,  and  becomes  covered  with  a 
thin,  elosely.adhering  tilm  of  oxide,  by  whlelt  the  metal  beneath 
i»  protected  from  further  change.  This  property  renders  sine 
vatuable  toi  a  vahety  ot  ccouomica^  «u^  &<d\a«?^  ^nqjosca.     It 
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eotnbinn,  however,  readily  at  ordinary  temperatures  with  chloriuc, 
brorome,  and  iodine,  if  moistvtiinl  with  wittt-r;  it  'w  aUo  easily 
ftUacked  by  all  the  mineral  acids,  and  b  employed  to  decompose 
diluted  sulphuric  acid  wlien  hydrogt^i  i."  r<-qiiired.  A  strong  solu- 
tion of  potash  also  acts  upon  eiuo  if  boiled  upon  it ;  hydrogen 
being  liberated,  whilst  oxide  of  sine  is  formed  and  diKXolved  in  the 
vlkaUno  aointioa;  ZD  +  UO,KO=H+ZnO,KO.  Zinc  precipU 
Mea  moat  of  the  ba»yloti9  metals  lem  oiidizablc  than  itself  in  the 
BCtallic  state  from  their  aolutions. 

(591)  U»e«. — The  u«e*  of  zinc  arc  diuly  extending.  From  its 
ihirabihty,  cheapneu,  and  lightness,  it  is  frequently  employed  as  a 
bnbatitute  fur  lend  in  roofing.  It  is  employed  as  tlie  oxidiziible 
awtal  in  tlie  ooustructlon  of  the  voltaic  battery.  Sheet  iron 
coated  with  ziuc>  or  galvanisad  iron  as  it  is  often  called,  is  also 
Died  for  roofing ;  tlie  iron  gives  atrength,  whilst  tlie  zitic  protect* 
it  from  o.\idation,  and  it  is  not  combustible  like  zinc  alone.  Oal- 
nnised  iron  is  prepared  by  cleaning  tiheet  iron  tlioroughly  as  in 
making  tin  plate  (675),  and  plunging  the  metal  into  a  bath  of 
molten  zinc,  covered  with  sal  atnmonijtCi  the  surface  of  the  zinc 
b  by  thi»  means  kept  free  from  oxide,  which  is  dissolved  by  tho 
nl  ammoniac,  and  the  two  metals  unite  readily.  A  tougher 
and  snpcrior  article  is  obtained  by  first  coating  the  iron  plnte  with 
svery  thin  Glin  of  tin  by  a  voltaic  action,  and  then  immerHing  tbe 
metal  into  the  melted  zinc. 

Zinc  biw  a  conniderablc  jtowcr  of  dissolving  iron,  in  consequence 
(f  which  it  corrodes  the  iron  pots  in  wbich  it  is  melted :  an  alloy 
•f  line  with  a  small  proportion  of  iron  is  formed,  wbich  is  Icm 
haible  than  zinc,  and  crystallizes  iu  large  plates  on  cooling. 

Zinc  forms  several  vahiablv  alloys.  Of  these,  brass  i«  the  most 
infiortaitt :  it  cousista  of  about  1  parts  of  cojitier  to  t  of  zinc. 
Oerman  silver  is  braae  containing  a  portion  of  nickel,  to  which  its 
•bile  colour  is  due.  Of  late  years  einc  in  powder  has  been  em- 
pkiyed  as  the  basis  of  a  pigment  well  adapted  to  resist  the  action 
•T  the  weather.  The  oxide  of  zinc,  uiuler  the  name  of  zinc  white, 
bia  aUo  been  employed  as  a  substitute  for  white  lead,  to  form  tho 
of  a  while  paint;  but  it  wants  the  opacity  and  dead  white- 
for  which  tbe  earbonatc  of  lead  is  so  much  valued.  Oxido  of 
ihic  has  likcwis«  been  substituted  for  red  lead  with  great  advantage 
IB  tbe  preparation  of  glass  for  optical  purposes  (499). 

(59a)  OiiDEor  Zinc  (ZnO=407} ;  Sp.  Gr.  5-612.— It  is  pos- 
dile  that  the  film  which  is  formed  upon  the  surface  of  metallic  zinc 
by  exposure  is  a  sulfoxide ;  but  only  one  well  asccTttv\a(^\  o\\^(i  uV 
llie  meuJ  u  )t.uo^vu,  and  this  ia  r(^ardcd  as  a  pioloxidke  -.  "Ccca 
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oxide  is  occasionnlly  dcpositMl  in  furtuice  flues  in  yeQoviali 
sided  prisms ;  but  it  i»  generally  obtained  m  tbo  form  of  a 
flocculent  powder.     If  zinc  b<!  thrown  in  snuLll  quantities  at  a  ti 
into  a  capacuous  clay  cmcible  previously  heated  to  wbitiiicM,  it 
bums  with  a  brilliant  flame  and  dopo^itn  large  white  flake*  of  tlie 
oxide ;  but  when  thnit  pre}iared,  it  is  mechanically  mixed  with  poir- 
ttclos  of  the  metal,  from  which  it  may  be  vepsnteil  by  leti 
with  water ;  the  heavier  metallic  portions  subside  quickly  and 
the  oxidu  in  Huspcusion.     The  process  of  manofacturing  this 
when  it  is  required  a.i  a  pigment,  consists  in  distilling  sine 
clay  retorts  into  chambers  through  which  ■  current  of  air  is 
tained.     The  volatilised  metal  hums  at  the  high  tcmpcratui 
which  it  is  exposed  under  these  circnmstanccs,  and  the  oxi< 
deposited  in  a  series  of  condensing  chambers.     An  impure  oxida, 
sold  under  the  oame  of  tuttt/,  is  obtained  from  the  Jiucs  of  fumacei 
ill  which  brass  is  melted. 

Oiide  of  rinc  becomes  yellow  when  heated,  but  recovem  iB 
whitene*>  as  the  t(-miierRtiire  falU.     It  is  readily  soluble  in 
The  hydratcd  oxide  (ZuO.HO)  is  prccipitatod  from  the  solutioil, 
of  the  salts  of  une  by  the  addition  of  potiuih  or  of  soda  ;  it  is 
dissolved  by  an  excess  of  the  alkaline  liquid. 

(593)  SuLi-uiDE  or  Zinc:  Blende  (ZiiS  =  487);  Sp.  Cr. 41 
—This  compound  is  one  of  the  most  abundant  minoniU  of  anc 
It  contains  67'I4  per  cent,  of  the  metal  aud  ^iSS  of  sulphur, 
pure  it  is  of  a  pale  brown  colour,  but  generally  it  is  nearly 
from  admixture  with  sulphide  of  iroo.  It  sometimes 
massive,  but  is  usually  CTystallined  in  rhombic  dodecahedra,  the 
it  occurs  in  other  forms  of  the  regular  system.  Metallic 
does  not  unite  readily  with  sulphur:  hut  if  heated  rapidly  t 
mixture  with  cinnabar  (or  sulphide  of  mercury),  the  mercury  v 
rolatili/ed,  and  sulphide  of  sine  is  formed  with  almwl  explosin 
violence.  Sulphide  of  zinc  does  not  fuse  when  heated :  wbet 
roasted  in  the  air  it  nlworbs  oxygen  ;  at  a  low  temperature  a  lorgi 
portion  of  it  is  converted  into  sulphate  of  Kinc,  but  at  a  highei 
t«fnperaUirc  sulphurous  acid  is  formed,  and  oxide  of  tine  is  left 
It  is  only  slightly  attacked  by  sulpluirlc  and  hydroddonc  addi 
but  nitric  ticid  and  aqua  regia  dissolve  it  readily.  When  the  taUt 
of  sine  are  mixed  with  hydrosulphate  of  ammonia,  a  white,  gdali 
nous,  hydratcd  sulphide  of  sine  is  precipitated,  which  alnorb 
oxygen  quickly  from  air,  aud  is  readily  di.-wolved  by  acids. 

(594)  Chloripb  or  Zixc  [ZnCl=68-2). — ^This  salt  may  be  pro 
cared  by  heating   the  metal  in  chlorine  gas,  but  it  i*  geucrall 

btoiucd  by  dissolviug  the  metal  in  hydrodiloric  aai;  the  acid  ; 
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),  its  chlorine  unites  with  tbe  tine,  forming  chloride  of 
i*  rctaiitol  m  solution,  whilst  its  bjrdrogcn  ctcspcs  Ju 
■Mi*  taroi.      \^'hen  this  soladon  is  heated,  it  loses  water 
IiL-r&turc  ri»L-«  to  480°;  it   then   becomes  anbydroiu, 
iluid,  aiid  may  he  heated  to  alwve  700°  without  emit- 
I  an  iaconvcnitrnt  amount  of  fumes;   hence  it  is  sometimes 
UH  a   hot-batb   for  maintaitiing  objects  at  a  high  bat 
able  and  rci;ulntcd  tcmpcTuture.     At  a  rod  heat  it  distils, 
chloride   of  ziuc   is  a   white,   very  delitiuesceiit  substance, 
about  311°;   it  is  powerfully  eorrosivc  when  applied  to 
Under  the  name  of  Bumetfi  Dia'n^ecting  Huld,   its 
haa  been  largely  umkI  as  no  antiseptic,  uud  as  a  prcscrra- 
(Kxl  mid  vegetable  libre  agaioat  decay.    Chloride  of  nine  is 

alcohol. 

id«  of  sine  abeorl»  ammouiacal  gn.^  freely.    It  also  unites 

of  zinc  in  Fercral  proportions  ajid  forms  a  number  of 

Chloride  of  zinc  forms  double  nits  with  the  chlu- 

'  alkaline  metals  ;  a  conccntmtcfl  solniiou  of  the  double 

of  zinc  and  ammoniuin   (H^XCI  +  ^nCI)  is  used  for  tbe 

loT  retooring  the  film  of  ostdc  from  the  surface  of  metals, 

t  zinc,  iron,  or  oopper,  which  arc  to  be  united  by  the  opera- 

ildcriog. 

SuLrHATE  OF   Zinc   {ZuO,SO,  +  7  Aq=8o7  +  (53j  Sp. 

f,  3'68i,  crj/ii.,  r93i)  is  obtained  in  large  quonti- 

,  residue  in  the  ordinary  procc«i  of  procuring  hydrogen  by 

of  diluted  sulphuric  acid.     It  may  also  be  prepared  by 

iilphidL'  of  zinc  at  a  low  t«mpcrttturc,  lixiviating  thcma>s 

ItaUtKiiig.     It  crystallizes  in  colourless  four-sided  prisms, 

itiitc  the  u'Me  vitriol  of  commerce.    In  a  dry  air  it  is 

lit ;  it  is  soluble  in  3|  parts  of  water  at  60°,  and  melts  iu 

of  oystnllination  when  heated.    Sul|>batc  of  tine  is  used 

Uj  in  small  doses ;  it  is  likewise  prepared  largely  fur  the 

inter.      It  forms   double  sulphates  witli  potiinU  and  with 

which  crystallixc  with  6  Aq.     Sercral   aubaulpbates  of 

also  )»  obtained. 

LioNATB  or  Zinc  (Zii0,C0j=627  ;  Sp.  Gr.  4*4)  is 

>tli  loasoive,  and  ervHtallizcd,  iu  forms  derived  Crow 

ibobcdron.     It  is  usuatly  of  a  greyish  or  yellowisli  colour, 

I  [NIB  variety  of  calamine,  which  is  »o  named  from  its  pro* 

I  adhering,  aAcr  fusion,  in  the  form  of  reeds,  to  the  base  of 

c    It  rt'othly  loMts  cnrlwnic  add  when  ignitc«l.     Colaniinc 

j"  -      --nt.ofoxideof  liiic.and^i  percent,  of  tlie  metal. 

>;i;  of  unc  can  bo  obtained  from  the  salts  o(  iW 
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mcta)  by  double  dccompositioo.    Vihea  «  Iiot  solatioD  of  a  Bait 
2iti«  )K  precipiuti'd  by  n  boiling  solution  of  an  alkaline  carbuniitCr  i 
bydratcd  oxvcarbonatc  is  formed,  consiuing  of  (KZnO,3  ^'^! "*" ^ ' 
Sdiiudlcr).     Servral  otbcr  basic  carbonates  of  line  maj*  be  fo 

The  other  variety  of  calamine  iKOomeH  electric  bj  heat;  it  iai 
bydrated  tubsilicute  (a  ZnO,SiO,  +  Aq). 

(597)  Chahactkks  or  the  Salts  of  Zixc. — Tbc  salts  of  J 
are  colourless;  their  tu^liitioiiii  liave  an  astringent,  metallic 
and  act  rspidly  and  powerfully  as  emetics. 

They  are  diatinguiHlied  by  girinj;  no  precipitate  in  acid  sola 
tions  with  sulphuretted  kt/droffen  :  but  they  yield  a  wbit«  brd 
sulphide  of  zinc  ftith  hydronuljikate  of  ammonia  ;  a  w  hite  hyi! 
oxide  with  potash,  soda,  or  ammonia,  soluble  in  cxceae  of  the  aUalt^ 
a  white  basic  carlKinale  of  tine  with  the  atrhonales  of  the  1 
soluble  iu  carbonate  of  ammouia  but  not  in  the  carbonates  of  t 
fixed  alkalieit ;  they  alao  yield  a  white  precipitate  with  ferrv 
tfpotaaawm. 

B^ore  the  Mowpipe,  in  the  reducing  flame   on  cluuvoal, 
metal  is  reduced  and  volatilixcd,  burning  into  white  Jumea  c^  1 
of  zinc.     If  pliKxxl  on  charcoal  and  moistened  with  a  Kdutioo  < 
nitrate  of  cobalt,  the  ci>in)K)Utids  of  zinc  when  heated  in  the  aa 
dating  fiame  leave  a  green  irsiiluc,  which  is  not  fusiUe. 

(598)  KtiimalioH  of  Zinc. — Zinc  ia  best  precipitated  for 
lysis  by  carlionatc  of  potasb,  the  whole  solution  being 
rated  dowu  to  dryitesd;  the  residue,  which  contaius  ^ite  carbonaD 
of  zinc,  is  washed  with  boiling  water,  dried,  and  converted 
iguitiou  into  oxitle  of  xiuc,  which  \»  wughed.  The  oxide  cont 
in  ICO  parts,  80*39  ^^  ^'^  ^^^  19*61  of  oxygen.  If  ammonia 
salts  l)c  present,  an  excesw  of  the  carVxjwate  of  pota&h  ahouM 
used  sufficient  to  decompose  the  salu  of  ammonia  completely, 
ammonia  being  wholly  expelled  a*  carbonate  of  ammonia  dura 
the  pioocsa  of  evaporation.  The  foregoing  process  ia  not  ap 
cabl«  to  the  ttepnratiou  of  sine  from  any  but  the  alkaline  bases. 

(599)  Stparation  of  Zinc  from  the  Alkalies  and  Alkatine , 
— This  may  be  itfectcd  by  the  addition  of  hydrusulphate  of  ammonii 
to  the  solution  after  it  has  been  neutralized  by  ammonia  ;  the  zind 
is  thus  precipitated  as  hydratcd  sulphide :  it  must  be  washed 
a  solution  of  sulphuretted  hydrogen,  to  prevent  its  oxidation, 
rcdissolved  in  hydrochloric  acid,  and  evaporated  to  dryness  wit 
excess  of  carbonate  of  soda :  the  soluble  salts  must  be  washed 

carbonate  of  zinc,  which  is  to  be  coDverted  into  oxide  by  ^ 
n,  and  then  weighed. 
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^arattVH  nf  Zinc  from  Alumina   and  Glvcina  may  ba 
■disnlviag  mil  the  Imxes  Ity  uieaasof  »aesoe»Bof  ouittic 
JD()  wltiiiig  hf  ilrosulphat«  of  ammoaia  :  in  this  csso  aul*  i 
•Juo  is  atoDC  pn!cii»tat«(l ;  it  ttiiiy  be  coU«cted  aud  iu 
ietWBUned  iu  Uiq  nuLuucr  jiut  dcsciibcd. 


Cadmipm  (Cd=56).     Sp.  Or.  8fi ;  Boilin/f  I't.  1580*; 
OiMtti.  J'o/.  of  Vapour,  1. 


k 


^ADHIUM  tiaa  discovered  by  Stromojer,  in  1818.  It  ia 
Qlj  fiHind  as  Rulphiilc  of  caOmium,  ttccompanfiug  the  ores 
Bd  ia  ubtaincd  as  an  accidoDtal  product  during  Die  extrac- 
Bb  latter  metal.  Beiii{{  more  volatile  tliaa  ■aac,  tba 
iBTt  uf  the  cudiaium  sablimes  among  the  first  portions  of 
Ued  uiL-tol,  from  vrliicU  it  may  he  extrnetcd  by  dissolving 
aulpliuric  acid,  and  precipitating  the  cadmium  as  sulpliide 
a  of  Giilphiin:ttcxl  hydrogen  ;  the  sulphide  may  be  dissolrcd 
l^ydroclilunc  acid,  predpitated  by  carbonate  of  ammonia, 
■id  iu  an  earthca  retort  by  ignitiou  with  charcoal ;  tbo 
■la  over  at  a  heat  below  redness. 

■tun  is  of  a  whitccolour,rc«efnbltDg  tin,  and,  like  it,civalu 
tu)  of  it  is  bciit ;  it  is  so  soft  that  it  leaves  ita  trace*  upon 
nd  poascsBca  conaiderable  malleability  and  ductility.  Cod- 
IMS  at  443°,  aud  may  bo  obtained  in  ootohednl  crystals 
ill.  It  boils  at  1580°,  furnishing  a  vapour,  tbo  combining 
cf  which  is  3  (Doville  and  Troost).  In  the  atmoitpherc  it 
ns  little  cliang^  but  wben  thrown  into  a  red-hot  crucible 
I  fire,  doponiting  brownish-yellow  fumes  of  oxide.  It  is 
d  with  evolntion  of  hydrogen  when  heated  in  sulphuric  or 
lorio  acid  slightly  diluted ;  nitric  acid  diswives  it  still  moro 


1 
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I)  OsioB  or  Caduivu  {CdO  =  64;  Sp.  Gr.  fi-^j)  isot 
ma  anhydrous  powder,  by  burning  the  loetal  in  air,  or  b] 
;  the  uitrate  of  cadmium ;  it  ia  not  fusible  or  volatile  in  tha 
itc  bydfatcd  oxide  of  cadmium  may  be  obtained  by 
ki  ults  by  a  (ixi-d  alkali;  ammonia  iu  exocsa  redis* 

lE  potash  and  soda  have  no  such  effect:  even  tlte  onhy^ 
■a  soluble  in  ammonia.  Carbonate  of  ammonia  doc^ 
oijile  of  cadmium  either  in   the  anhydrous  or  tbu 

-    ''inJiioi   (CdS=7j)   constitutes   the  mir 
,  nhicti  occurs  crystallized  in  six-sided  pni 


imt  *Avn  OP  CAOkiim — cosai 


tjifjally  bj  tmnamiUitig  » 

*  lolutioa  of  n  Mit  of 
I  in   appounace,  bat  is 
of  ndatilitT  wben  bcated,  and 
ukd  IB  the  sulphide*  of  the  olkalia 
jtBam  p^mcnt  highly  raiaed  l»tli  for  I 
ofkB  tiiiL 
«t  OMiirM  {OiCl  +  3  Aq)  ciTstatlii 
D  W  oKtaineii  witliout  difficult)-  in  crys 
bti*.    It  is  anhydrous,  uid  funca  tvtii 
qC  ho*.    This  ult  is  essily  obtained  hj 
vater  with  free  iodine,  and  crap 
;  is  ift  M^fayed  for  iodising  collodion   for 

]fe^  Oauucraas  or  tiik  Saltr  op  CADwiru. — ^1 
•dborlcss,  and  m«mblc  those  of  line. 

by  the  yellow  precipitate  of  solpfaid 
^gf  yield  with  mlfiAuretUd  fi^drotfru  in  acid  \ 

ioaaluble  cither  in  ninmouis  or  in 
fatmA  «m/  toda  give  a  precijHUitc  of  whit 
IB  excesa;  ammtmia,  a  similar    )ir«dpU 

emriomatft  t^  potash,  toda,   und 
■Btehible  tn  exces*  ;  oxalic  acid,  »  wl 
■BKNiia  i  /emcgatude  of  jKitoMtimm,  a 
aolitble  in  hydrodiloric  acid. 

tb«y  are  decomposed,  and  tm 
a  tiag  of  brown  oxide  of  cudmiuiu  a  it 

sabccqui'nt  combustion  of  ihc  metal 
^Citdmiam. — Cudmium  is  readily 

br  the  action  of  sulphuretted 
•  [wdfilalc  of  the  yellow  sulphide  of  i 

of  iU  lalta.     Thia  predpiute  is 
by  an  excess  of  rarbonatc  rfi 
WBsKed  from  the  solutilc  «a]t»,  and  tbej 
i»  beate«l  to  mlDi-sa,  by  wbicfc 
»;   it  ia  then  wci|hod:    lOo  gnitti  of: 
S~  S  of  tbc  metal. 


ISl  OiB&LT  (Co^ig-j).     Sp.  Gr,  8-95. 

■^t  tifpmn  to  have  been  6rR 


!  -  !  •       Jt   grti- 
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Wff  It  io  found  33  rolmlt  ginnce,  which  ts  a  compoond  of  tliB 
iaoAe  ami  the  salphidc  of  the  nu'lal  (CoSjiCoAs).  Cohalt  u 
w  miit  with  in  ttio  native  »tatc,  exc«iit  ns  aa  ingredient  bt 
iOric  irou  in  enmll  pro))ortion.  llic  black  oxide  has  been 
u  (o  Miino  CKUnit  in  the  We»tem  StaU-s  of  America,  mixed 
k  Uu*  !iul|>hi<)a  of  cobalt  and  with  vanahle  proportious  of  the 
M  of  iiicke),  ioniigAne.'>«,  iron,  and  copper.  The  ores  of  tltia  , 
^bcciir  chirfl}'  in  the  primitive  rocks,  and  are  imually  reiy  ' 
^Biteil ;  oontAining  nickel,  iron,  and  often  bismutb  mid  eop- 
^■iuenUised  either  \>j  sulphur  or  hy   araenic,  or   by   both 

^■frsr/ioR. — tt  not  eaay  to  obtain  cobalt  in  a  ntato  of 
^k  On  a  small  scale  the  ore  may  be  treated  o»  follows  : — It 
^■nuLKti-d  at  a  low  but  gradually  rising  temperature,  in  order 
^B  the  grcster  portion  of  the  arsenic ;  after  which  it  ta  dis<  i 
^■n  aqtia  regis,  and  evaporated  to  dryness  to  expel  the  excess 
^K  it  19  thou  rcdiswlvwl  in  water,  and  a  current  of  sulphur(^ttod 
^KD  is  trau^mittnl  1hnHi|;b  the  solution.  Bismuth,  copper, 
^P  remainder  of  the  arsenic  are  thus  precipitated  as  sidphidcs. 
Hlen.ll  liquid  M  boiled  to  expel  the  excess  of  the  gas,  and  a  ' 
^ptct9s  of  nitric  acid  is  added  to  the  boiling  liquid,  to  perox> 
^^Urou :  when  cold,  it  id  diluted  and  supenoktnrated  with 
^^B  the  (leroiide  of  iron  is  precipitated,  carrring  with  it  a 
^^Hh,  but  the  hulk  of  the  cotrall  remains  dissolved,  with  any 
^^^fch  the  ore  may  have  contained. 

^^^■■et  separation  of  cobalt  from  nickel  is  tedious.     Two 
^^^Mva  been  pro|K>scd,  one  by  Mone,  the  other  by  Liebig  < 
^^HpM'a  method    is   the  following: — Tlic    two  metals  arc 
^^^Bvn   frum   the   aroinoniacal    liquid  as  sulphides,  by  the 
^BBdT  liydnnulfihate  of  antmouin.     The  sulphides  arc  rcdis- 
^■a  nitric  ucid,  the  solution  is  then  largely  diluted,  and  acted 
^v  •  current  of  ehluriuc ;  after  this  it  is  digested  in  a  closed 
^Bbr    It    houn  n|jon   powdered  carbonate  of  Imryta.     Tlte 
^K  oonvcrts  the  cobalt  into  sGsquioxide,  which  is  gradually 
^Buod  by  the  bar>'ta,  and  rcuuuns  nixed  with  tlie  execs*  of] 
^HKif  b«rTts  ecniiloyed.     This  preripitatc  is  again  difflolved  ] 
^^HbIoHc  aeid ;  the  baryta  is  removed  by  adding  sulphate  of  . 
^^U  Ibe  oxide  of  cobalt  precipitated  by  caustic  soda :  the  prc- 
^t    n'  <  ))C  well  washed  with  boding  water,  and  tx.-ilu(,f-d 

H     t  ;  irojteo  gas,  which  leaves  the  metal  in  the  form  of 

■  u-i'ly  nagDetie  powder.  When  nickel  is  to  bo  separated 
H  t  Utt  puqu-sejt  of  nnulysin,  T.  H.  Henry  recommends  the 
^^^  of  a  "(rlucion  of  lirouiinc  for  chtorioc  gas  in  the  (uTft> 
^^1  -   - 
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going  process.     Bromino  may  1>c  lucd  uutaid  of  ciilwiac  j 
analogoos  imscB  villi  grctt  conTCuienca 

If  osidfi  of  «)ba!t  be  rKiuewi  iit  a  crnnHc  IIiiM  witli  i 
a  carbide  of  cobalt  is  formed,  wliich  mar  be  ubtsimi)  iu  » 
button.     Tlie  crucible  may  be  lined  witb  ehsrcoa)  for  tlii« 
hy  dippius  it  into  water,  mid  filling  it  cninplctely  with 
finely  powdered,  and  sufBcicutlr  moi»teucd  to  render  it 
vbeu  firmly  beaten  into  tlie  crucible;  s  cylindrical  cavitj 
KOopcti  out  of  tbe  middle  of  the  mass,  and  its  int. 
Bmoothcd  with  a  glaww  rwl,  after  wbicli  the  cni<-il)li:  i 
vlovrly.     Pure  cotiaJt  may  bIbo  be  procTircd  by  heating 
^1  a  coTcrcd  porc«latn  enirible,  enclosed  in  •  second 
iritb  the  cover  luted  dowu  ;  the  crucibles  are  Uien  cx[ 
hour  totbc  most  intense  heat  of  a  forge:  a  ncll-fiiscd 
cobalt  may  generally  be  ohtainDd  in  tbiM  manner. 

Prt^erties. — Metallic  cobalt  is  nearly  as  infusible  u  I 
is  of  a  reddi»b-grey  oolonr ;  is  hard,  brittle,  and  strongly  i 
I>cvillc  however  states  that  by  reducing  the  oxalate  in 
Ained  tritli  lime,  be  obtained  a  metallic  button  which 
of  a  tenacity  nearly  double  that  of  an  iron  wire  of  the  same  < 
It  i»  diiwnlved  slowly,  with  e%'oIution  of  hydrogen,  by  I 
and  diluted  sulphuric  acids,  and  it  is  firccly  oxidized  l._. 
when  exposed  to  the  atmosphere,  it  becomes  slowly  coui 
oxide.     Cobalt  is  not  used  in  the  metallic  slate  in  the  i 
of  tbe  compounds  of  cobalt   arc  remarkable  for   the 
brilliancy  of  their  colour,  and  are  used  as  ptgmetita. 

The  alloys  of  cobalt   arc  unimix>rtant,     Its  con)[ 
arsenic  arc  interesting,  as  they  supply  the  greater  part  uf  I 
employed  in  the  arts.      TVn-irAi/e  cobalt,  when  purr, 
atom  of  each  of  the  two  metals   (CoAs),  or  zS-^j 
cobalt  and  7 1*43  of  arsenic ;  but  portions  of  tbe  cohali 
quently  displaced   by  nickel   and  iron.     The  purvet 
this  mineral  arc  obt«ined  from  Tnnaberg ;  tlic  ore  froot 
lityis  the  best  nuttflrisl  to  employ  in  preparing  the 
cobalt.     Arsenide  of  col>iilt  melts  at  a  maderate  red  I 
whitf  mbalt,  or  cobdt  glauce  (CoS,  +  (^jAs),  correal* 
sition  to  niiApicltcl:  it  crjutallim^  in  cubes,  o(r^lllMt«, 
cahednt,  and  contains  3_5*tj2  per  cent.  ofoohaJt, 
and  t9'i6  of  sulphur.     Thc*c  Biiucrals  arc  *'•■' 
by  uitric  acid  or  by  aqiin  regis,  and  arc  i 
heated  in  n  current  of  gaseous  cblunnA     They  arv  aixtl 
when  roasted  iu  a  cumnil  of  air. 

(604)  OxtDlis  or  CoiULT.— There  are  two  md.« 


moToxiDB  or  cobalt — SAms— sualt. 
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ult,  tlie  protoxitle,  CoO,  wbicb  u  Uie  nJittftblo  buc  of  the 
I  iLod  the  Bcsquioside,  Co,0, ;  these  tvo  oxides  an  capable 
png  witli  cwU  oUtar  in  (lilTcrcnt  proportions.  According  to 
neulicrg  mn  acid  oxide,  Co^O^  may  be  obtained  in  (x>mbi> 
PDt  hy  utroiigly  igniting  the  protoxide  or  the  carbonate  «ilh 
K  of  potash,  in  irbich  case  acryatalliuc  compound  is  formed, 
[when  dried  ut  312%  comistn  of  KO,  3  €0^0^  +  3  Aq. 
ntaside  (CoO=37'5) — This  oxide  ia  of  an  ash-grey  colour; 
lltat»l  ill  Xhv  air  it  absorbs  oxvgcn,  and  becomes  block.  It 
IU4;  in  aci(U,  and  forms  solutioua  which,  irhen  concentrated, 
p  btAiitiful  blue  colour,  but  tbcjr  become  pink  on  dilation. 
title  forma  an  ini]x>rlaiit  article  of  commerce,  from  its  oinptoy- 
lur  the  production  of  a  blue  colour  in  painting  on  porcelain. 
Idecribing  the  preparation  of  nickel,  a  process  will  Iw  dc- 
lirliich  furnishes  the  oxide  of  cobalt  lit  for  tbis  purpose  (611). 
ndc  of  cu)»lt  oombiiH'*  vitlt  bases  as  well  as  vith  acids.  If 
■ith  fajrdntc  of  potash  it  fomte  a  blue  compound ;  when 
■M^  uitrate  of  mngncMa,  a  pnle  pink  rtfidiie,  formed  by 
PlHUation  of  the  magnesia  with  oxide  of  cobalt,  is  obtained ; 
Ihiniiiia  it  forms  the  blue  pigment  knoirn  as  Thenard's 
lad  witb  oxide  of  zinc  the  compound  constitutea  Riuman'a 

|e  saffre  of  commerce  is  a  very  impure  oxide  of  coludt, 
■^by  inii>vrfcctly  roasting  cobalt  ore,  mingled  vritb  2  or  3 
^■^reigbt  of  siliceous  sand. 

pafi  ia  a  beautiful  blue  glass  culoured  by  oxide  of  cobalt; 
B|fc  muiufaetured  in  Saxony.    In  pre^/aring  smalt,  the  cobaltj 
^H[aiM8ted ;  but  the  roasting  is  arrested  at  a  partieular  stsgs,^ 
^B  being  to  osidixe  tbe  cobalt,  wliibt  the  nickel,  copper, 
^Bcretoain  in  combination  vith  arsenic  and  sulphur ;  it  is 
^^Uo  leave  n  NUlIicient  amount  of  aneoic  in  the  mass  to 
^Hm  metals,  as  the  admixture  of  a  very  small  quantity  of 
^Bl  eitlirr  of  iron,  nickel,  or  copper  with  the  glass,  aeriousljri 
^Be  purity  of  its  colour.     From  4  to  j  part»  of  tberoBRtedll 
I  powder  ore  next  mingled  witb  lo  jnrta  of  ground  calcined 
t       '   -I  porta  of  carbonate  of  potash,  and  the  mixture  is 
I  i  in  pots  arranged  in  a  funince  resembling  that  umhI 

Bjug  onlitutry  gUss.     Ttie  oxide  of  cobalt  combines  with  the 
'     r>fi>otasb;  n  deep  blue  glass  is  thus  farmed,  whilst  Uic 
I  !<-3  and  sul|ihidcs  of  nickel,  copper,  and  iron  fuse,  and 

■  at  the  bottom  of  the  jiot,  in  the  form  of  a  brittle  mass,  of 
^Mi  :r,  commonly  known  as  s/wiu.     The  pot  is  then 

^K  AaM  is  Uullc-d  out,  and  pouml  into  eohl  waicr, 
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going  proccM.     Bromine  may  lie  iwcJ  i> 
analogous  c»8c«  with  great  conv 

If  oxide  of  cobalt  be  rediici.i 
ft  cwbidc  of  oobnlt  is  formed,  wliidt '  I 

batten.     The  crucible  may  be  ■ 
hy  dippbg  it  into  water,  aud 
finely  powdered.  «»d  sufficiently 
when  firmly  bcftten  into  the  n 
r  Bcooped  out  of  tlic  miiidlr  "f  ''  ' 
|«noothcd  with  a  glaw  ro<l,  i 
tlowly.     Pore  cobalt  miiy 
'  ip  A  cotered  porfcliiin  cnn 
iritb  the  cover  luted  down 
hour  toilic  moat  iiit' ■■ 
cobiilt  rosy  gcnfiwill)- 
Properiien. — MpI-' 
is  of  a  roWish-g'  ■ 


sirnlt-.  th>l 
.■  ijf  iiicJkd. 
■.ly  BTOutidl 
.  r  walrr,  iwtl 
inllT  lloving-j 
.,-nd  Mtinll  in 
;  of  tIepOMtiuc  < 
r*.t  •Imll  ~ 

,  and  >ouu: 
.-.^-  uliicli   pr 
r.  VK  retained  in 
_^od«dei'06itcd| 
..MUinMon;  Uio 
j^  of  sulHliviiiiuii  uf  its ' 
lo  produce  a  l»lw ' 
by  lauiidruMsce,  for 


Bevillt  however 
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rnay  be  prepared   hf  Bus>j 
I    [ill-    nictnl    in    irntcr,    and 
lirouj;!)  the  liguid  ;  cbloridc  of 
t  a  Wack  hj-dratcd  ecequioxtde 
1  < ).     The  rc4iClion  may  be  thus 
.  'y3  HO+CoCI.     If  the  oxide 
iutiou  of  potii«h  insteiul  of  in  pure 
<»ii  is  precipitated  as  scsquioxiilc.     It 
■I  by  a  earet'itl  iippbaitiou  uf  beat,  but 
iiien  converted  ioto  a  black  oxide  (CoO, 
:h   tlie  mtigtielic  oxide   of  iron.     TTub 
nc«  deposited  iii  sroall  bard,  anbydroiM, 
onotiedra  when  a  pure   aquoouN   aolution  of  \ 
\  (6o,i>)  IB  boiled.     In  this  form  it  is  insoluble 
chloric  acid,  and  in  nqua  rrgia  :  it  is  but 
ting  it  with  oil  of  vitriol  or  witb  bisulpbatcof  j 
I  powera  of  the  M^qnioxidc  arc  extremely  feeble- 
c,  bydroeliloric,    pliosjilmrie,  aud  acetic  acids 
oxide,  but  the  snlts  arc  gmiluHlly  converted 
ntnrcs  into  those   of  the  protoxi<le,  and  tbi» 
liatelr  cfftx-ted  if  the  solutions  arc  heated. 
^MiiONucAi.  CoMPocNDa  OF  CoRALT. — Wlicn  a  Kolutioaj 
'cubnlt  in   unimonin   is  exposed   to  tlic  air,  it  absorbs 
Ijr,  although  the  bydrated  protoxide  of  cobalt  alone 
t^^idency  to  a  xmidl  extent  only.     If  the  hydrated 
>lvod  in  a  solution  of  i?bloridi^  of  ammonium  con- 1 
I  atnmDnia,  the  absorption  of  oxygen  proceed.-*  iiuiekly,i 
lirkable  violet<red   colour  gradually  developes  itself  in 
If  at  this  stage  the  li<iuid  be   supersaturated  nitti, 
add  in  the  cold,  a  heavy  brick-red  eryiftalline  powdc 
ted,  till-  chloride  of  roteocoballia  (OojCI^,  5  HjN,  2  HO, 
Uibbs).     Aud  ^hiA  compound,  if  boiled,  is  converted 
pie  precipitate  of  chloride  of  pitrpitrcoevbaUia  (Co^CI, 
lib  and  (fihl»),  whieh  Miwinito  in  crymnl.*,  leaving  the 
rly  colourless:  this  precipitate  may  be  diesotvod  by 
in  water  slightly  acidnlateil  with  hydrochloric  acid,  and 
ill  cotils,  liCTUtiful  ruby-rod  octobedral  t-rj-slaU  arc  formed 
1).  This  nnnarkable  compound  is  quite  insoluble  in  )>oiUiig 
\\c  Kind,  and  may  be  employed  as  a  meuu  of  obtaining 
yUffi   oolxdi :    at  a  ri-d   hi-at   it   loses    ammonia   and 
of  Ktomouia,  leaving  chluride  of  cobalt.     TbelaXld 


AUUONIACli.  COMPorKM  OP  COBILT. 

may  be  reduced  to  the  melallic  slate  by  ]>as»Dg  a  current" 
Iiytlrogen  gas  over  it  iu  a  tube  htuiled  to  rediiesH.  When  digested 
with  water  upon  oxide  of  silver,  the  chlorine  la  mthdravrn  (rom 
the  uciv  compound,  nhiUt  the  oxygen  of  the  oxide  laJies  its 
place ;  a  red  strongly  alkaline  liquid,  oxide  of  pnrpureocobaltia,  ii- 
thuK  produced,  which  unites  with  acids,  and  formti  a  peculiar  class 
of  salts:  tJiis  alkaliitc  snlutiou  emits  no  niuell  of  ammonia. 

Frcmy,  in  an  elaborutc  scries  of  rcscarcttes  on  the  ammoiiiacal 
comjioundii  of  cobalt,  ha»  shown  (Ann.  de  Cb'tmie,  III.  sxxt.  357) 
that,  independently  of  the  ammoniacal  comitounds  obtained  with 
the  unliiinry  xults  of  the  metal,  and  uf  the  iduve  compounds  de< 
scribed  by  Olaudct,  three  other  sets  of  salts  may  be  procnrrd, 
nhidi  lie  regards  as  eompouiids  of  dlRcreut  oxides  of  col>alt  with 
various  proj>ortions  of  ammonia  :  the  first  of  these  bases  ho  name* 
oxt/colfaUia.  Its  salts  crystallize  readily;  they  have  for  the  tnovt 
part  an  olive  colour,  u>d  may  be  dissolved  in  a  solution  of  am- 
monia  without  change,  but  when  placed  in  cold  water  they  are 
dccomixiBcd  with  evolution  of  oxygen  and  deposition  of  a  grcea 
KiibHak:  the  salts  of  this  base  ap[>car  to  contain  a  binoxidc  of 
coWIt,  which,  however,  cunnot  be  isolated.  The  second  base,  from 
the  yellow  colour  of  its  salts,  he  terms  luteocabaltia ;  this  base  hat 
been  ixolatcil ;  it  hi»  n  ittroiigly  alkaliue  reaction,  and  it»  salts 
crystallize  easily.  The  tliii'd  base  is  termed  fittcoba/lia  ;  it  forms 
brown  niicrytttiillizable  salts.  The  bane  of  Claiidct's  sidlri,  which 
Frcmy  termed,  from  the  red  colour  of  its  compounds,  roseoatbalUa, 
in,  acoiii'diiig  to  Gibbs  and  Ccnth,  u  mixture  of  two  inomeric  biutes, 
one  of  whidi,  roscocobaltia,  neutralizes  3  atoms  of  a  monobasic 
ncid ;  the  other,  purpureucobaltiu,  neutralizes  only  2  ittum'i  of  acid. 
Further  details  regarding  the  preparation  of  these  different  com- 
pound.t  arc  also  contained  in  a  paper  by  Gibbs  and  Gcnth 
{C/tem.  Gaz.,  1857,  p.  i^i),  who  have  de«cribed  an  additional  scries, 
to  which  they  give  the  name  of  salts  of  xanlhocobaU,  from  tin 
brilliant  yellow  colour  of  these  coni[ionnds.  The  chloride  of 
xanthocubaltia  {CoOCl,,,  5  HjN.NOj+ilO),  may  be  obtained  in 
crystals  by  decomposing  the  sulphale  of  tliis  base  witli  a  i>oliitMa 
of  chloride  of  barium ;  and  the  snlphate  (CojOj,  5  UjN,  NOj, 
2  SO„  +  HO)  is  easily  procured  by  trnnsmitting  a  npid  current  of 
nitrous  acid  through  an  ammoniacal  solution  of  snlpliate  of  cobalt, 
taking  care  to  preserve  the  alkalinity  of  the  liquid  by  the  occa* 
nonal  addition  of  ammonia.  Tiie  Holtitioii  gradually  asaumes  a 
dark  yellowish-brown  colour,  and  if  left  to  cvapomtc  spontaneously 
tfejia-its  the  sulphate  of  the  ucw  Wc  m  tlic  form  trf  thin  plates 
deiircd  Croat  the  right  rbombw  y™^- 


We  cotnira 
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cotnjrauntU  of  each  of  these  bases,  when  boiled  with 
iton  of  causlic  jjouali  or  of  sotla,  are  dccDnnpo»et],  nn<) 
id  Beaquioxiilfi  of  cob«lt  {CoijOj,  3  IIO]  is  procipitatedj  nhiUt 
ii  IB  expelled.  ^H 

:  fi)llouriiig  table  will  afford  a  general  comparative  new  of^^ 
ilflcnnt  claa»e«  of  salu,  iucludiiig  tlic  double  «alU  irhicli 
ia  forms  with  the  protoxide  of  tlic  metal ;  tbej  are  probably 

tof  very  coffiplcJC  coiutitutiou,  formed  od  the  ammonium 
ii6ie  Salt*  of  Ammoitia  and  Protoxide  of  Cobait. 
Nitrate       .     CoO,  NOy  3  H,N,  2  HO 
Chloride     .     CoCI,         3  11  ,N,  3  HO 

2.  BaU$  of  Oxycobaltia. 
.     «(CoO^  NOJ  5  II,N,  2  HO 
.     3(C<iO,.SO,)    5n,N,3HO 

Salt*  of  Lttteoco&altia. 
Co,0,.  3  NO,,  6  H,N 
CojC^,  6H,N 

4.  Salta  of  Ftuatbaltia. 

I  Nitrate.     .     Coi,0,,  jNO^,  4H,N,  3  HO 
Chloride     .     Co,Cl,0,  4H,N',  3HO 

I  5.  Saltt  of  XanihoctAaltia. 

Nitrate.     .     CojOj,  aXOj,  5H^N,N0,  +  H0 
Chloride     .     CopClj,  5njN,NO,  +  HO 

►6.  Salta  qf  Roieocobaltut  {GiAis  and  Gnu/A]. 
Nitrate  .     .     Co,0„  jNO^,  5  H,N,  a  HO 
Chloride     .     CojCV  5  HsN,  a  HO 

7.  Saltt  of  Purpvreoeoia/fia. 
Jisnlphato .     Co,0g,4SOg,  5H,N+5HO 
aride     .     CojCI,,  S^jN. 

tvLruiDEs  or  Cobalt. — Tlirec  snipbidcs  of  this  metal 

protoanlpliide,  CoS,  a  Besquistdphide,  CojS^ 

Iphidr,  CoSj.     The  latter  mny  be  obtained  by  healing 

'oulmlt  with  sulphur,  not  allowing  the  tcmix-Tnturc  to 

Tlio  moat  important  of  these  is  the  jirolotulpMde, 

be   prrtcure<l  in  a  bydrattd  condition  hy  prpcipitaling- j 

cclate   of  cubalt  by  salpbarcttcd  hydrogen,  or  bjj 


Nitnite . 
Chloride 
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mixing  any  neutral  solution  of  &  salt  of  cobalt  irith  bytlmralpliate 
of  amnioiiia.  In  tliis  form  it  spccdil^r  absorbs  oxygen  from  ihe 
air,  and  becomes  converted  into  snlpliale  of  cobalt.  If  a  luixtuie 
of  oxide  of  cobalt  with  pcrsulpbidc  of  potassium  (the  liver  of  sulphur) 
bo  fused  in  a  covered  crucible,  u  fii»ed  tiulphide  of  oobalt  is 
obtained  at  the  bottom  of  the  crucible.  The  teiqttisulphide,  wbidi 
is  occasionally  met  with  iti  octobcdra  of  a  ^y  colour,  may  be 
obtained  by  bcatin;;  scsquioxide  of  cobalt  to  about  500*  ia  a 
current  of  aulphurettt-d  Iiydrogen. 

(607)  CaLoBiDK  OF  ('oBALT  (CoCl  =  65  ;  Sp.  Gr.  a'937)  is 
obtained  as  a  lilitc-coloured  aiibydrou*  rnaNx,  by  {Kuwing  oblorine 
over  metallic  cobalt;  it  is  volatile  at  a  high  temperature.  By 
dissolving  the  oxide  or  the  carbonate  of  cobiilt  in  hydrochloric 
acid,  the  hyflrated  chloride  may  be  obtained  in  ruby-red  octohe- 
dral  cry»lalH,  which  arc  readily  soluble  in  water  and  in  alcohol ; 
its  aqueous  solution  when  concentrated,  or  when  mixed  with  an 
cxccjm  of  strong  hydrochloric  acid,  is  of  a  dct^p  blue  colour,  bnt  on 
dilution  it  hcccnneit  pink.  This  dilute  solution  may  be  used  as  a 
sympathetic  ink;  characters  traced  with  it  on  paper,  though  invi- 
sible when  cohl,  become  blue  by  lie»t,  and  n^in  fade  as  the 
hygroscopic  moisture  of  the  paper  is  restored  from  the  air :  the 
colours  of  thia  ink  may  be  viLricd  at  pleasure;  the  addition  of  a 
small  proportion  of  a  salt  of  peroxide  of  iron  renders  it  green ; 
zinc  produce-t  a  rod,  and  eoppcr  a  yellow  lint.  Anhydrous  chlo- 
ride of  cobalt  absorbs  2  atoms  of  ammonia,  and  if  its  Eolution  be 
mixed  witli  an  excess  of  ammonia  it  deposita  crystals,  con«sting 
ofCoCl.jH.NO. 

SuLi'iiATE  or  CouALT   (CoO,  SO, +  ?  Aq=77'5+63  ;   Sp.  Gr. 
aniiyiirou*,  3*551)  is  isomorphoua  irith  anlpliate  of  magnesia. 

NiTitATK  or  Cobalt  (CoO,  KOj+6  Aq  =  9i'5+54)  is  pre- 
pared by  diftsolving  the  oxide  in  nitric  acid.  It  is  a  deliquescent 
salt,  which  is  sometimes  employed  as  a  recent  for  tl»c  blowpipe; 
^K  a  fragment  of  the  com|K)nnd  under  cxiimiii»tion  is  sup]>orte<l  either 
^^k  npou  charcoal,  or  upon  a  bent  platinum  wire,  and  moistened  with 
^H  a  minute  qnantity  of  a  strong  solution  of  the  nitrate  of  cobalt. 
^H  When  treated  in  this  way,  many  of  the  compounds  of  magnesia 
^K  yield  a  pale  pink-coloured  muss  after  ignition ;  lho«e  of  oxide  of 
■  zinc  give  a  green  residue,  and  those  of  alumina  a  bine. 

^H  If  a  concentrated  solution  of  nitrite  of  potash  l)c  gradnally 

^V  added  to  a  solution  of  nitrate  of  colialt  acidulated  with  nitric  or 
^^  with  acetic  acid,  a  heautifiil  orange-yclloir  compound  is  procipi- 
^H         ted  in  micnMCOpic  four-sided  prisms  with  pyramidal  summits :  it 
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13  sp&ringly  eolulilc,  and,  occoriling  to  A.  Stromcycr,  consists  of 
[CojOj,  3NOj  +  5(KO,NOJ  + J  HOJ,  andcontaiua  ijSof  metallic 
oolialt. 

A  hfdratcd  arxemate  of  cobalt  {3  CoO,  AaOj  +  8  Aq)  i.4  found 
native,  in  miiiutc  cryHtaU,  ttud  is  known  rs  cobalt  bloom. 

(608)  Cakbon'atf.s  of  CniiALT. — Cobalt  resembles  mnguesia, 
sine,  nickel,  and  cupper,  in  tbe  circumstance  that  when  solutions 
of  its  neutral  salts  arc  mixed  with  a  solution  of  carbonate  of  uida 
or  potash,  the  preoipitatr  which  falls  is  not  a  neutral  carbonate, 
bat  a  mixture  of  neutral  carbouiLte  with  bydrated  oxide  of  cobalt. 
If  tlic  two  solutions  be  mixed  wht-n  hot,  the  red  prceipitate  is  said 
to  have  the  formida  (5  CoO,  2  COj  +  4  Aq).  If  the  salts  be  mixed 
at  the  ordinar}*  temperature,  the  precipitate  is  of  a  brighter  red, 
aud  bas  a  composition  (4  CoO,  a  COj  +  7  Aq).  If  either  of  these 
precipitates  be  boiled  with  au  excess  of  carbonate  of  soda,  it 
assumes  an  indigo  blue  colour,  aud  i.t  converted  into  the  componod 
4C0O,  COj+4  Aq,  which  absorbs  oxygen,  and  becomes  green 
during  waahinf;. 

A  true  neutral  carbonate  [3  (CoO,  COJ  +  3  Aq]  is  formed  by 
digesting  either  of  tlie  busic  curbouutea  of  cobalt  with  bicttrbouutc 
of  soda  or  ammonia. 

(609)  CnABACTBR*     Ot    TUB    SaLTS    OP   CoBALT. — ThC  Crj-stftl- 

liicd  salts  of  cobalt  arc  red  ;  when  anhydrous  tbcy  arc  usually 
lilac-coloured.  Their  solutions  when  in  a  very  concentrated  form 
arc  btuQ;  at  a  particular  stage  of  dilution  they  are  red  when  cold, 
but  become  blue  ou  heating  them,  the  red  colour  returning  a-*  the 
liquid  cools:  when  mixed  with  a  larger  proportion  of  water  they 
exbilMt  a  delicate  rose  colour,  aud  this  tint  Is  perceptible  even 
irhen  the  solation  is  very  much  diluted.  They  have  au  astringent 
metallic  taste 

Ji^ore  t/te  biotcpipe  the  compounds  of  cobalt  are  easily  reco- 
gnisul  by  the  intense  blue  colour  which  they  commuiiicate  to  a  bead 
of  borax  in  the  oxidating  thime. 

Id  solution  the  salts  which  this  metal  forms  with  the  mineral 
ftcida  give  no  precipitate  wiUi  irulpbureUnd  Ayilroi/en,  if  the  liquid 
be  slightly  acidulated  with  sulphuric  or  bydrochlorie  acid ;  but  the 
cobalt  is  completely  precipitated  by  it  from  a  tlihite  neutral  solution 
of  the  acetate.  With  hydnmlphalf  of  ammonia  they  yield  a  black 
•ulpliide.  Carbonate  of  potrtth  gives  a  rose-coloured  basic  car- 
bonate, which  is  soluble  in  carbonate  of  ammonia.  Potruh  givc& 
a  blue  subsalt,  which  by  excess  of  the  alkali  becomes  to*ft-<MW«x*A. 


EBTIMATIOK   OP    COBALT. 


Ammonia  produce*  n  similar  effect,  but  rcailily  dUsolrea  the  pre- 
cipitate, fonuiug  a  brovnnih  solntion  which  rapidly  abrorim  oxygen 
from  tlic  air,  and  becomes  red.  The  Kotuble  oxalate*  giv«  a 
sparinglT  soluble  pink  oxalate  of  cobalt,  which  is  soluble  in  nitrie 
acid  and  in  ammonia.  Ferronjamde  of  pofajuium  givc«  a  dirty 
green,  and  ferridcyanide  of  potaxtmm  a  balky  reddish-brown 
precipitate;  the  latter  reaction  occurrtDg  oven  in  aoiinomacal 
Bolutions. 

((Sio)  Estimation  of  Cobalt. — Cobalt  may  he  estimated  with 
accuracy  in  the  metallic  form.  Supposing  that  uo  compound 
of  any  other  metal  susceptible  of  prccripitation  by  sulphurettctl 
hydrogen  be  prtwnt,  the  solution  is  to  be  neutralized  by  means  of 
carlionatc  of  potash,  mixed  with  a  solution  of  acetate  of  potash, 
and  the  eobnlt  precipitated  as  sulphide  by  a  current  of  sulphuretted 
hydrogen,  tbe  precipitate  allowed  to  settle  in  a  beaker  closed  by 
a  glaiw  plate,  then  collected  on  a  filter,  and  waslied.  The  alkalies 
are  prevented  from  effiwrting  tbe  complete  precipitation  of  cobalt, 
a«  well  as  of  iron,  of  nickel,  of  copper,  and  of  many  other  metals, 
by  the  presence  of  certain  kinds  of  organic  matter,  such  as  that 
derived  from  the  paper  of  the  filter ;  special  precautions  are  thens 
fore  required  to  avoid  this  accident.  For  this  purpose  the  neck 
of  the  funnel  with  the  litter  and  its  contents  is  introduced  into  a 
small  ftask,  a  hole  is  made  with  a  glnss  rod  in  the  bottom  of  the 
filter,  Biid  the  precipitate  is  washed  into  the  flask  ;  the  filter  after 
being  moistened  with  concentrated  nitric  acid,  is  again  washed  ;  it 
is  then  dried,  burnt,  and  the  ash  added  to  the  contenta  of  the 
flask,  which  are  now  lioiled  with  nitric  acrid  until  the  sulphide  of 
cobalt  is  dissolved.  The  liquid  so  obtained  is  diluted  ai»d  poured 
off  from  any  jmrticles  of  undissolved  sulphur,  and  the  Bolntton  of 
eobatt  may  be  mixed  with  tiulphurie  acid  to  convert  it  into  «il- 
ph'itc,  and  cvaporiilcd  to  dryness:  loo  parts  of  suipbato  of  oobilC 
indicate  38'oti  of  the  metal.  After  the  sulphide  has  been  l>roug1it 
into  solntion  by  the  nitric  add,  the  cobalt  may  al»o  be  precipitated 
in  the  form  of  hydrntcd  oxide  by  an  excess  of  pure  iiotasJi ;  the 
oxide  is  then  thorotighly  wa^ed  with  boiling  water,  dried,  ignited, 
and  weighed:  the  black  oxide  thu»  procured  consists  of  CojO^,  and 
corresponds  to  7344  of  metallic  cobalt.  Some  chemists,  however, 
prefer  to  reduce  this  oxide  in  n  ciim-nt  of  dry  and  pure  hydrogen 
in  the  manner  shown  in  fig.  325.  The  tube,  c,  is  weighed  when 
empty ;  then  a  certain  proportion  of  the  oxide  of  cobalt  is  intro- 
docod  into  the  bulb,  and  the  tube  is  again  weighed ;  hydrc^en  is 
genernted  ia  the  bottle,  a,  and  allowed  to  traven*  the  vessels,  b,  c, 
and  if:  b  contains  a  wjlttXioti  oS  ^uA\,«fti.  t  wws  tA  m\t*!«.  -af 
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inlTcr,  nliich  are  dcs^ntd  to  arrest  any  traces  of  arscii I h retted 
bjdrogcu ;  oil  of  vitriol  U  j)lac»I  in  d  for  the  imrposc  of  dryiag 
tiic  gas:  B  dan  rod  beat  is  next  spplicd  to  the  bulb,  e;  under 
these  cir«itiaataiice!i 

the  bydrogco  enters  Fw-  3»3' 

into  combination 
with  the  oxj'gen  of 
the  oxide,  and  the 
water  «hi<ji  is  pro- 
duced passes  off  as 
rapour :  as  »oon  as 
water  ocasca  to  be 
foniied  the  reduc- 
tioQ  is  complete : 
the  lamp  may  theu 

be  removed  from  the  bulb,  but  the  current  of  liydrogcn  must  be 
maintained  till  tlic  tube  is  quite  cold.  The  tube  and  its  coutenta 
are  finally  weighed  a  third  time,  and  the  proportion  of  metallic 
cobalt,  which  a  given  weight  of  the  oxide  uuder  trial  contntned,  is 
thus  ascertained ;  but  the  process  is  not  to  be  recommended,  &» 
if  tlic  tube  be  weighed  M\  of  hydrogcu,  the  weight  is  too  little, 
and  if  the  hydrogen  be  displaced  by  atmospheric  air,  the  reduced 
metal  is  apt  to  iKwomc  partially  oxidinecl. 

((Sii)  Separation  of  Cobalt  from  the  Alkalies  and  Alkaline 
Barlhtf  and  from  Alumina. — ^Tliis  is  readily  effected  by  converting 
ttie  cobalt  into  acetate,  and  trausiiiittiiig  sulphuretted  hydrogen, 
a»  baa  been  already  mentioned  in  the  preceding  paragraph. 
Another  plan  consists  in  the  addition  of  hydrosulphate  of 
ammonia  to  the  solution  previously  neutralized  by  ammunin.  If 
alumina  lie  present,  it  will  accompany  the  cobalt,  but  if  this 
precipitate  be  rcdi«olved  in  acid,  and  again  thrown  down  by 
means  of  caustic  pota-tb  in  cxceHo,  the  alutuitui  will  be  retained ; 
tlie  oxide  of  cobalt  is,  however,  apt  to  carry  down  traces  of 
ahimina ;  these  may  be  removed  by  treating  the  precipitated 
oxide  by  means  of  a  mixture  of  ammonia  and  chloride  of  ammo- 
niuiu,  which  dissolves  the  cobalt,  but  leaves  any  traces  of  alumina 
which  may  have  accompanied  it.  The  cobalt  is  agaiu  precipitated 
by  hydrosulphat«  of  ammonia. 

Tlic  ir/iaration  of  Codalt  from  Ziac  is  not  easy.     One  of  the 
best  methods  consists  in  precipitating  the  two  metals  togellier  iu 
the  form  of  »ulphide»,  di-ssolviiig  this  precipitate   iu   nitric  acid, 
and  then  adding  an  excess  of  carbonate  of  potasVi,  an4  cvft^Ti6>Au^ 
to  dryaeaa.     After  the  mixed  carbouatcs  of  -i'vuc  Mi4.  c»\i'oX\.  Vws 
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been  ncl)  washed,  ttiey  tat  liei.ted  in  a  linlh^tube  in  a  current  of 
dricf]  liydrochloriu  acid :  in  this  process  the  cHrhoiiic  acid  is 
expelled,  and  the  metals  are  converted  into  chlorides  whilst  water 
is  formed.  The  open  end  of  the  tube  is  in  this  cu»u  hent  down- 
varda  at  a  right  angle,  and  the  aperture  a  made  to  dip  into  a 
small  tjuantity  of  water  contained  in  a  flask ;  the  chloride  of  sine, 
which  is  volatile,  is  carried  forwnnl  in  the  cnrrcut  of  gas,  a  por- 
tion of  it  is  condensed  in  the  hcnd  of  the  tube,  and  the  remainder 
IB  dissolved  in  the  water  placed  for  its  reccjition.  Chloride  of 
colialt  alone  remains  in  the  bulb.  TIic  portion  of  the  tube  in 
which  the  chloride  of  zinc  lian  been  condensed  in  cut  off  nbcn  the 
operation  is  complete,  and  is  allowed  to  fall  into  the  flask.  The 
zinc  and  (be  cobalt  are  then  ca.-iily  delcnuined  separately  by  the 
usual  methods. 

$  IV.  NicKSL  (Nt=29-5) ;  Sp.  Or.  8-83. 

(612)  Nickel  is  a  metal,  the  peculiar  characters  of  which 
'were  first  recognised  in  17^1  by  Crou«tedt;  it  has  n  remarkable 
analogy  with  cobalt,  and  always  oocum  aa»oeiated  irith  it  in  nature, 
both  as  a  conHtituont  of  meteoric  iron,  and  in  its  or<»,  which 
present  a  composition  similar  to  tliofe  of  cobalL  It  is  most 
abundant  in  the  form  of  kopfcmickel,  which  is  a  dianenide  of 
nickel,  and  is  extracted  either  from  thin  ore  or  from  tpeias,  vbich 
is  an  impure  arHeniosulphide  of  nickel,  formed  during  the  manu- 
facture of  smalt  (604). 

Preparation. — As  the  metal  itself  is  now  extensirely  used  in 
alloy.H,  of  which  German  silver  is  one  of  the  most  important,  great 
paiuB  have  been  taken  to  procure  it  in  a  state  of  comparative 
purity,  and  several  jirocei'Mes  have  been  proposed, 

I. — Accordiojjto  Louyct,  the  method  by  which  nickel  is  extracted 
Irom  spci.w  at  IJimiingham  on  the  large  scale  is  as  follows: — The 
speiss  is  first  fused  with  chalk  and  fliior-fpar,  the  metalliferous  mass 
so  obtained  i*  reduced  to  powder,  and  roasted  for  twelve  hours  to 
expel  the  arsenic;  the  residue  i»  next  dttoolved  in  hydrochloric 
acid ;  the  solution  is  diluted,  and  the  iron  pcroxidizcd  by  the 
cautious  addition  of  bleactiing  powder.  Milk  of  lime  is  tlien  care 
fully  added  so  long  as  peroxide  of  iron  falls,  which  carric«  dowtt 
witli  it  the  last  portions  of  arsenic ;  this  precipitate  is  well  washed, 
and  the  liquid,  which  contains  all  the  cobalt  and  nickel,  is  treated 
with  a  current  of  sulphuretted  hydrogen;  the  sulphides  of  copper, 
bismuth,  and  lead,  arc  thus  precipitated,  and  are  thoroughly  'washed, 
AJI  (he  Dickcl  and  cobalt  suU  lemain  'la  ftitVvii^vi.-,  'Oi»s,\ittisA>a 


boik-'I  to  eit|^e1  autpburcM'il  Iiytlmycn,  neutral izeil  witti  lime,  «ti<l 
is  agaia  treau-d  with  clil  .iiJu  of  lime:  the  whole  of  the  cobalt  is 
thai  thrown  dowu  as  peroxide ;  htU-r  which  tlie  whole  of  the  nickel 
is  aeparotccl  from  the  solution  in  the  form  of  hydrated  oxide  by 
ftdding  milk  of  lime  ao  long  as  any  ])reci{iitiil«  is  produced. 

3. — Nickel  mar  be  obtained  pmr«  upon  a  amaU  scale,  by  dia> 
solving  the  roasted  ore  in  anna  regia,  evaporating  to  expel  the  exccu 
of  add,  redissolting  in  water,  und  transmitting  a  cm-rent  of  sul- 
pburettvd  hydrogen.  The  filtered  liquid  is  boiled  with  nitric  acid, 
to  peroxidizc  the  iron  ;  the  eolution  is  precipitated  hy  an  excess  of 
caustic  ammonia,  filtered  from  the  oxide  of  iron,  and  to  the  blue 
hquid  caustic  potash  is  added  mitil  the  blue  tint  nearly  disappears ; 
a  pate  green  precipitate,  consisting  of  hydratcd  oxide  of  nickel  and 
]H>tas]i  is  thus  obtained,  which  must  be  well  washed  with  hot  water 
to  remove  the  itota-ili,  and  then  rc<luccd  by  ignition  in  a  current 
of  hydrogen  gas ;  when  obtained  in  tbia  manner  it  i*  generally 
pyrophoric.  If  heated  for  an  hour  by  means  of  a  blacksmith's 
foi^,  ill  a  crocihlc  lined  with  charcoal,  a  well.fnsed  bntton  of 
c&rbtdc  of  nickel  is  produced.  A  button  of  the  pure  metal  may 
however  be  proenred  by  heating  the  oxalate  of  nickel  intensely  in 
a  crucible  with  a  Intwl  cover,  without  any  other  reducing  agent 
thaii  tlie  carbonic  oxide  furnished  hy  its  own  decompoKition. 

5. — It  may  al»o  be  obtained  in  luminm  by  the  elcctrolytds  of  a 
solution  of  the  double  sidphate  of  iu<-kel  and  ammonia. 

ProperlUs. — Pure  niekcl  is  a  brilliant,  silver-white,  hard,  but 
ductile  metal,  little  mora  fusible  than  iron,  which,  according  to 
Dcvitle,  it  even  surimsses  in  tenacity.  At  ordinary  tcmperatnreit 
it  is  susceptible  of  magnetiau),  but  it  losen  ihiM  property  almost 
entirely  if  heated  to  a  point  exceeding  630°,  though  it  recover*  its 
nagnetic  power  on  cooling.  Nickel  bi;coine»  oxidised  hy  expo- 
sure to  a  current  of  air  at  n  high  temperature.  The  metal  is 
tatilj  attjickcd  at  ordinary  temperature:!  by  chlorine  or  bromine  if 
nupcndcnl  in  water.  It  is  also  readily  dissolved  by  nitric  acid  and 
by  u()ua  regta,  and  i»  di-isolved  slowly  with  evolution  of  hydrogen 
1^  dilutetl  sulphuric  or  by  hydrochloric  acid.  Owing  to  tlie  remark- 
able wliitening  power  which  nickel  e»erts  on  braM,  it  is  now  much 
Dsed  in  the  manufacture  of  pactjong,  or  German  silver,  n  com- 
pound of  Kiuc,  nickel,  and  copper,  in  which  the  proportions  of  the 
int^tala  may  vary  considerably.  A  good  alloy  consists  of  5  equiva- 
lents of  ooppor,  3  of  liuc,  and  a  of  nivkel,  or,  in  100  parts,  of  5 1 
of  copper,  yy6  of  zinc,  and  18-4  of  nickel.  Packfong  is  of  a 
yeUowi»h-whito  colour,  and  when  fn-»hly  jiolished  c\we\^  'towswJAva 
uhiT  ia  njijiditraitcc.     TuteHag  i^  the  uatiie  gweu  \is  \\ic  C^i^ai!»fc 
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to  a  similar  alloT,  oonsistiog  of  8  parta  of  copper,  6^  of  zinc,  and 
3  of  nickel. 

The  native  aracnidea  of  nickel  arc  important,  as  ttiey  form  tbe 
prindpal  ores  of  the  metal.  Kup/etiticket  (Ni^As)  is  a  dianuoidc 
of  nickel ;  it  contains  44  parts  of  nickel  to  56  of  arsenic ;  part  of 
the  nrM:»ic  io  iIiik  ore  is  sometimes  <li)t|ilareid  l>v  mi  equivalent 
amount  of  antimony.  It  has  a  reddish  colour,  and  a  metallic 
luKtre.  It  ii  not  attacked  hy  hydrochloric  acid,  but  i«  wluble  in 
nitric  acid,  and  is  decom|)i>s€cl  when  heated  in  air  or  in  a  current 
of  chlorine.  Antnical  hhM  iei  a  comljinntion  of  an  atom  of  each 
metal  (NiAs) :  by  i^ition  in  closed  retecls  it  loses  half  its  arsenic, 
and  becomes  couvcrlcd  into  kupfcruickel.  A  comiwund  of  nickel 
with  araenic  and  sulphur,  corresponding  to  miapickel,  and  known 
as  nickel  glance  (NiS^NiA*),  in  also  found  native 

{613)  OxiDKs  OP  Nickel, — Nickel  forms  two  oxides;  a  prot- 
oside,  NiO,  and  a  scsqiiioside,  Ki^O^. 

JTie  Protwcidt  (NiO=37'5j  S/>.  Gr.  574)  may  be  obtained  in 
the  anhydrous  form  by  igniting  the  nitrate  or  the  carbonate  of  the 
metal  in  a  covered  cruciKle,  when  it  m  left  of  an  olive-green  colour. 
It  may  lie  precipitated  from  its  salts  by  potaab,  as  a  bulky  tight- 
green  hydrate  (NiO.HO),  and  may  be  oblaincil  crjstiiltiwd  by  de- 
composing the  solution  of  carbonate  of  nickel  iu  ammonia  by  ebul- 
lition. Oxide  of  nickel  is  readily  soluble  iu  acids,  forming  salts 
which  have  a  pale  green  colour.  It  forms  insoluble  compounds  with 
[Ktto^h  nnd  with  suda,  which,  however,  may  be  doeompoi>cd  by  fre* 
qucitt  washings  with  boiling  water.  Baryta,  strantia,  and  several 
other  bases,  also  form  witli  it  insolublv  compounds;  ammonia  dis- 
solves it,  forming  a  deep  blue  solution.  A  solution  of  bydrochlo- 
ratc  of  ammonia  also  dissolves  it  slowly. 

The  SesquioTide  (Ni:Oj,  =  83)   is  a  black  powder  which  may  be 
procured  as  a  hydrate  with  5  Aq,  by  trcaUng  the  bydrated  ;)rot- 
□xide  with  a  wlutioii  of  chloride  of  soda.     It  does  not  combine 
with  acids,  and  gives  off  a  portion  of  it*  oxygen  by  ignition,  or  by 
I  heating  it  with  nitric  or  sulphuric  acid*,  which  form  with  it  salts 

^H       of  the  protoxide. 

^H  (614]  SuLPUiuEs  OP  KicREL.— Three  of  these  compounds 

^^1  are  kuown;  a  disulphide,  a  protosulphide,  and  a  bisulphide. 
^^m  The  j/rij{ii»uljthiile  (NiS=45'5)  occurs  native  in  greyish  or  yel* 
^^  lowish  capillary  crj'stals,  which  are  iii»ohible  iu  hydrochloric, 
I  but  soluble  in  nitric  acid ;  it  may  be  formed  artificially  by 
E  fusion  of  sniphur  with  nickel.  It  may  alM>  be  procured  by 
I  mu^  a  pcnulpludc  of  one  of  the  alkaline  metoLs  with  UKcmdc 
B lucJicl,  and    is  left   in  yii\k>"«  CT^'»\afi^v«;  w^^va..      N.  VWk. 
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hydrate  of  this  sulphide  is  produced  vhen  a  salt  of  nickel  is 
precipitated  by  sulphide  of  iiiummiium ;  id  this  fonn  it  ahsOThs 
my  gen  from  the  air,  snd  is  gr&dually  converted  iuto  sul> 
phatc  of  nickel.  The  ditulphide  (Ni^S)  may  be  formed  by  reduc* 
tiou  of  the  Riilpliate  of  uickel  by  uieaiiH  either  uf  charcoal  or  of 
bydrogcD  gas.  The  bi&tdphide  (NiSj)  is  left  as  a  ateel<grey  powder 
on  treating  with  water  tlie  iiuuim  obtained  l>yhe»liug  to  redness  an 
intimate  mixture  of  carbonate  of  uickel,  carbonate  of  potash,  and 
sulphur. 

Ceiix)BIde  of  Xickel  (NiCl=6j}  is  formed  by  dissolvitig  the 
oxide  iu  bydroehloric  acid.  Itit  solution,  ou  evaporation,  yields 
green  bydrated  crystals  with  9  Aq ;  by  heat  it  may  be  obtained 
as  a  ycllowUb-browu  anhydrous  moss,  whieb  at  a  high  tempera* 
ture  is  volatile,  and  condeuses  in  yellow  ciystalHiie  ncaten,  nhich 
are  dissolved  slovrly  by  boiliug  water.  If  lieated  in  a  curreut  of 
air,  a  portion  of  the  eblorine  is  expelled,  and  a  eorrcnpouding 
quantity  of  oxide  of  nickel  is  furmcd, 

ScLFiiATE  OF  NicKiTL  (NiO,SO^  +  7.^=77-5  +  63)  J  Sfi.  Gr, 
crtftl.  2'oj7. — This  salt  may  be  obtained  by  dissolving  metallic 
nickel,  or  it«  oxide  or  carbonate,  in  sulphuric  acid.  It  crystallizes 
in  green  rhombic  prisms,  which  require  3  parts  of  cold  water  fur 
Bolotaon :  the  prismatic  crystab,  wlicn  exposed  to  ligbt,  are  con- 
verted into  small  regular  octohedra,  aggregated  together  in  the 
fona  of  the  original  crystal,  which  becomes  opaque.  It  may  be 
obtaiued  in  octohedra  at  once  vitli  6  Aq  (Pierre),  by  crystal* 
Uaing  at  a  temperature  between  60°  and  80*.  A  double  sulphaU 
(^/(i>/«aAflnrf«i<:Ac/{NiO,SOj  +  KO,S0,  +  6Aq;  S/j.  Gr.  anlnjdroiui 
2'897,  crytt.  3'iyo)  may  be  furmcd  by  adding  potash  to  the  im- 
pure solution  of  spciss,  and  by  repeated  cryKtallisations  may  be 
£reed  from  all  impurities  except  traces  of  iron  and  cobalt:  it 
was  at  one  time  used  as  a  mcaiiii  of  [nirlfyiug  nickel  for  com- 
mercial purposes.  Other  double  sulphates  of  nickel  may  be 
furmc<l.  Sulphate  of  nickel  in  tlte  Bolid  form  absorbs  3  atoms 
of  ammouiacai  gas.  \ix  iusolubtc  ba»ic  suljjhale  is  obtained 
tiy  adding  to  a  solution  of  the  neutral  sulphate  a  quantity  of 
potash  insufficient  for  its  complete  dceom position. 

Cabroxatem  of  Nickkl. — nicre  are  several  basic  carbonates 
of  nickel,  of  a  green  colour.  The  neutral  carbonate  is  precipi- 
tated as  a  crj-alallinc  powder,  when  11  solution  of  nitrate  of  uickel 
is  poured  into  a  large  excess  of  bicarbonate  of  ooda. 

{615)    Cll.\RACIERS  OP  THE    SaLW   OP    NlCK,l!it.— T\\S1  %:^\». -A 
llii«  tuctai  arc  of  i\  delicate  gi-eea  colour,  \>otU  wUeu  m  \}au  tiuXA 
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etatc  and  when  in  solutiou  ;  tliey  redden  Mup  litmus  fcrWy.    Tliey 
htivc  ft  swpctish  astringent  metallic  taste,  and  m  lieu  takeu  iutem 
excite  voinittiig. 

Urfore  the  Moitpipe,  galb  of  nickel  give  in  the  oxidatiog  flame 
wiUi  bomx  a  r<Mldi*li-yellow  g'a**,  wliich  l)wom«s  mucb  paler  lu 
it  cooIb.  The  addition  of  a  salt  of  potash  colours  the  bead  bloe. 
In  tliv  reducing  flame,  greyi«li  particles  of  rcdticcd  nickel  arc  dt»- 
§cmiuatetl  tli rough  the  bead. 

In  solution,  stdpbureltrd  /itfdroffen  gi»'ea  no  precipitate  if  the 
liquid  be  acidulated  nith  sulphuric  acid  ;  but  it  precipitatc?>  a  diluted 
"oliilioii  of  acetate  of  nickel,  if  nearly  ncutrnl,  very  perfectly  when 
aided  by  a  gentle  heat.  H^drotulphatt  of  Ammonia  give*  a  bla^ 
sulphide  slightly  soluble  in  excess  of  the  prccipttaut,  forming  a 
dark-brown  solution.  Aiitmoma  giiea  a  pale  green  precipitate, 
soluble  in  csccss  of  ammonia,  forming  a  bright  blue  solution,  from 
vrliiph  an  excexjt  of  potash  preci  pita  lea  a  green  compound  of  oxide 
of  nickel  and  potash.  Potatk  and  <SWo  throw  dunn  a  palc-grccn 
btdky  hyilruttxl  oxide  of  nirkel,  iunuluble  in  e\WM  of  the  alkali. 
The  carbonates  of  the  alkaliet  give  a  pale  apple-green  precipitate 
of  basic  curbonate  of  nickel,  vrhicb  i.i  readily  soluble  in  carbonate 
of  ammonia.  Fetrocyanide  of  potastinm  gives  a  grecuisli- white, 
and  fcrrittcyamde  of  pot<tttium  n  yellowish-greeii  precipitate,  both 
of  wliich  arc  soluble  in  hy<irochloric  acid, 

Bliwxnlale  of  Pot<ish  in  a  neutral  solution,  if  not  too  dilute, 
causes  the  deiwflition  of  a  greenish- white  sparingly  soluble  doable 
oxalate  of  nickel  and  potash,  soluble  in  excess  of  ammonia. 

(6i6)  Extimation  of  Nhkei. — Nickel  is  best  estimated  in  the 
form  of  protoxide  which,  when  precipitated  by  means  of  potash, 
requires  patient  wosihing  with  hot  water  to  remove  the  ailhcriug 
alkali :  loo  parts  of  protoxide  of  nickel  contain  7869  of  the 
metal. 

Separation  of  Nickel  from  the  Alkalies  and  Eartht,  and  from 
Zinc. — For  this  purpose  the  »amc  proce.-u.CM  as  thoac  adopted  for 
the  Reparation  of  cobalt  (611)  may  be  employed. 

(617)  Separation  from  Cobalt. — The  following  method  advised 
by  Liebig,  aiid  slightly  modified  by  Xadow,  is  the  best  for  this 
puqiose.  The  nitric  solution  of  the  cobalt  and  nickel  having  been 
freed  from  all  other  mclala  except  potaasium  or  sodium,  after 
being  nearly  neutralised,  is  mixed  with  an  cxecas  of  hydrocyanic 
add,  and  tlicu  with  pure  caustic  potaah,  or  carlwDate  ofpotasli,  after 
which  the  mixture  ia  boiled  for  ten  minutes.  During  tliis  time 
oxTTgen  is  alworbed,  and  the  \\(\m4  vici\a\«:*  a.  v*b'-  v''lIo"*'  colour. 
A  cohsJticjaiiidc  of  potaamm  l.^jCoiC-j^i  S*  ^v.iTOK&.wii^.&RciSift 


UIUNIIIM. 


513 


of  nickel  an  J  poUuiuno  (KCy  +  NiCj-)  is  produced  at  the 
Llime.     1'lic  loroiation  of  tlie  oobalticyuiide  may  be  traced  aa 
«aidc  ofcobalt  in  fint  formed  (llCy +  CoO=CoCy  + 110), 
idc  of  colialt,  by  boiling  with  lu  esce&t  of  cyuiide  of 
and  hydnxryuiic  acid,  yields  cobaUicyaniilc  of  pDta»iun]j 
oxygen  in  dlworbod  aud  water  is  acponiled ;  aCoCy  +  3  K,Cy  + 
( K^CojCyJ  +  HO.     The  double  cyanide  of  nickel  and 
is  vc-jy  bimply  formed;  for  willi  Dickd  do  oom|)uiiiid 
idiiig  w  tlic  cobalticyanidc  is  obtained;  2KCy  +  NiO  = 
)  +  KG.   If  the  Mtroiigly  alkaline  wliition  be  tiov  l)oitc<l 
iitiou  of  pcrnitrstc  of  tncrcury  added  id  slight  csccw,  so 
lice  a  precipitate,  wliieh  from  its  yellovri.-di  colour  t>huu» 
oxide  of  mercury  is  in  excess,  the  uickcl  salt  is  decomposed, 
oxide  of  Htckel  in  preeipitiitcil,  ntid  cynnide  of  mcrcurv  \» 
.— (KCy.NiCyl  +  UgO  =  iKCy.IlgCy)  +  NiO. 
oolwdtiryaiiidc  of  [Wtassium   is   not  decomposed  by  the 
mcrciirr,  but  remains  in  wlutioD,  and  ni&y  bo  liltcred 
oxide  of  nickel,  which  ritiuircs  to  be  earufully  ignited  in 
crucible  till  it  oea-HCei  to  lu»e  weight.     After  carefully 
;  the  filtrate  with  nitric  acid,  the  cobalt  may  then,  by 
of  a  aolulion  of  »ubiiitratc  uf  nici'ciiry,  he  piecipitated 
aubcohalticyanidc  of  mercury :  the   precipitate  is  col- 
dried,  aud  ignited,  when  pure  oxide  of  cobalt  is  lefl. 
iiutrud  oC  precipitating  the  mixed  cyanides  by  means  of  mer- 
solution  of  chloride  of  soda  De  added  in  excess  to  the  boUing 
liquid,  iu  quantity  sufficient  to  destroy  the  free  cyanide  of 
,  ilic  nieki'l  is  prveipitnterl  of  an  inteiine  black  a.1  heiuiui< 
in  which  form  it  may  i>e  readily  washed,  and  by  ignition  it 
M  conrertnl  into  the  protoxide,  in  which  statu  it  may  be 
Triii'P*  of  nickel  which  escape  discovery  by  other  methods 
III*  often  bodctccletl  in  cobalt.     Care  mii^t  be  taken  to  u>ccr- 
aliacitce  of  inaugaueno,  as  il  would  go  down  with  tlie  nickel, 
by  traces  of  iron,  if  the  littler  metal  were  present. 


$  V.  l^ttANivM  (U-60).  Sp.  Gr.  i8-4. 

|]   Oranidu  is  a  metal  the  cumpounda  of  which  are  but 

'  distributed  over  the  surface  of  the  earth.     It  was  origi- 

i\  iiy  KU|injth,  in  pHr/i6lrnilr,  uhich  contains  nearly 

of  tJic  black  uxidc  of  uranium  (2  UU.L'jO,) ;  the  le- 

qf  llio  utosa  coiiaiita  of  variable  quantities  of  cop()er,  Icail, 

if         '1  (juoiitly  of  coljalt  and  nickel.      Vranile,  which 

\-oua  Alructurc,  of  larcr  occurreuoe,  con^iKte  <^ 
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n  hydratcd  doiililc  plmsplmte  of  lime  and  tirnnium  {CbO,  2  U^Oj, 
P{)',  +  «Aq.)  CMcolHe  (CaO,  a  L'.Oj.PO^  +  8  Aq)  »  »  sim'ilw 
mineral,  in  which  oxi<tc  of  copper  takcfl  the  place  of  lime. 

In  orAi'T  to  extract  uranium  firom  pitclililcnde,  tho  mincntl  is 
hcatrd  to  rcdncw,  and  thrown  nhJlxt  red-hot  into  water,  after 
which  it  lutmitM  of  being  readily  pulveriited:  Ebelroen  then  treats 
tho  ore  in  the  following;  manner  : — Tho  fine  powder  if*  washt-d  with 
diluted  hydrochloric  acid, heated  with  charcoal, and  digested  in  strong 
hydrochloric  acid,  by  which  the  earthy  mattcn  and  most  of  the 
iron,  arHMiic,  and  sulphur  are  removed :  the  wanhed  residue  ia 
roasted  and  then  treated  with  nitric  acid;  tho  solution  thus  ob- 
tained is  cvaponited  ncitrly  to  dryness,  to  expel  the  excess  of  acid, 
and  is  diluted,  by  which  means  the  arseniate  of  iron  is  precipitated. 
Sulphuretted  hydrogen  in  then  tniiiKmitted  through  the  filtered 
solution,  and  the  liquid  is  tillered  from  tho  sulphidea  of  copper, 
lead,  ant)  arsenic  tlitis  thrown  down  ;  nftcr  which  it  is  again  era- 
poraled  luitil  crystals  of  pernitrate  of  uranium  begin  to  be  formed. 
This  salt  is  decomposed  by  heating  it  to  rcdncxs,  and  the  oxide  of 
uranium  which  is  left  is  mingled  with  charcoal  and  hented  in  a 
plass  tut>e  through  Mhicb  a  current  of  dry  cldorinc  is  passing  ;  ear. 
iKinic  acid  and  carlmnic  oxide  are  thus  fonnvd,  and  a  volatili*  grccu 
protoebloride  of  uranium  sublime*.  This  chloride,  when  heated 
with  potassium  in  a  platinum  crucible,  yields  chloride  of  potas- 
sium and  metallic  uranium :  intense  heat  ia  d'olred  durins 
the  reaction  of  the  potaeeium  on  the  chloride  of  nrniiiura, 
and  the  resulting  metal  is  partially  fused.  The  isolation  of 
metallic  uranium  ia  due  to  Peligot  {Ann.  de  Chimin,  III.  v.  5), 
the  substance  originally  supjioaed  to  be  the  metal  having  l>een 
proved  by  him  to  be  its  protoxide. 

Uranium  as  thus  obtained  ix  of  a  steel-white  colour :  it  appears 
to  he  slightly  malleable;  it  is  not  oxiiliaed  by  exposure  to  air  or 
to  water  at  ordinary  temjiernture*  ;  hut  if  healed  in  the  air  it  burua 
brilliantly :  sulphuric  and  hydrochloric  acids  dissolve  it  with  extri. 
cation  of  hydrogen  giin.  In  its  chemical  relations  it  is  some- 
what analogous  to  iron  anil  manganese. 

(619)  OsiDBS  Of  UiiAMUM. — -Uranium  forma  two  principal 
oxides,  a  protoxide,  UO,  and  a  setqtiioxide,  U^Oj :  two  interme- 
diate oxides  may  1O.40  be  obtained,  the  black  oxide,  3  UOtU^Og, 
and  the  ^een  oxide,  \]0,V.fi^. 

The  Profoxidf  (UO=68)  may  be  obtained  in  aeveral  ways;  one 

of  the  easie&t  consista  in  igniting  the  peroxalate  in  cluaed  vessels, 

or  ia  a  enrrcnt  of  hydrogen.     Iv\  its  atthydrous  state  the  dilute 

imeida  are  without  actioa  upon  it,  \>u\,  \\»  Vis*««»,-«\v«?B,  isiwjNw. 
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to  rcdtlish-limwn  itocculi,  by  ntTdiiiji;  ammonia  to  n  fiolu> 

[of  tlic  protucliloridc,  u  ivatlily  soliililc  in  ilie  ncidii ;   it  forms 

cnr«talliziil>lc  nalta,  wliicb  knvc  ft  sironi^  tciiilcDCv  to  alworli 

Btaek  Oritla  (2  UO,U,Oj)  n»y  be  procured  by  healing 

xtde  to  bright  reditUM,  and   suddenly  cooling  it,  or  Iiy 

tlic  pcrnitmtL'of  uranium.  It  fnmi«lii-s  a  pure  and  inteoMi 

lii);lily  [triiuid  for  colouring  porcelain. 

Grrt-ii  Oj-idt  (UO.VjOj),  n-|iicli  cormpoodfi  in  composi- 

[\a  th«   inai;u(>lic  OKide  of  iron,  is  procure<)  by  heating  tli>c 

Dudc  iuoik'rali.<.ly  in  a  curroot  of  oxygen  or  in  ibQ  open  air ; 

iutt-nse  iguitiun  it  bccnnieft  re-couvcrtt»l  into  tlic  black 

is  n^aiu  |Mrlially  rc-oxidiacd  as  it  coule.     It  k  soluble 

iici-Mtratcd  oulpliurio  acid,  but  doed  not  form  distinct  Kilta. 

I  Sef/uiu-riile  or  Peroxide  (UgO,)  performs  the  part  both  of 

uid  of  a  bue.     It  i*  with  dillicully  obtainal  i»  a  pure 

By  rxiKatiig  the  (lernialatc  of  uranium  to  the  sun'n  raya, 

kb-viuk't  lender,  which  \*  b  hydrate  of  the  green  oxnle, 

,  wliilc  carlwuic  aeid  makes  its  csca|)G;  this  precipitate 

ygrn  ott  oxpo«tirc  to  the  air,  and  becomes  courertetl  into 

c  inuN,  whiHi,  necordiDg  to  Kbolmen,  is  a  hydrate 

,..t.  ,(.ie(l',0„  2  110).     ThcsCKiuioiidcmay  beobuuncd 

anhydrous  Mtatc  lut  a  brick-red   powder,  by  heating  thii' 

w  a  temperature  not  cucccdiog  572''.     Peroxide  of  ura. 

cnmbiDes  resibly  with  acidn,  aud  forms  saltH  of  a  bright 

oolnur.      If  an  attempt  be  made  to  procure  the  pcroude  by 

iujf    the   Mlutionn  of  these  fJilts  hy  the  addition  of  an 

itiaoluMe  yellow  precipitate,  consisting  of  n  compound  of 

uioxiile  of  nraninni  with  tbe  alkali,  fre<iHcntly  called   a 

of  tbr  Imiw,  falU;  nranate  of  potash  has  the  formuU  KO, 

aiid  tlic  other  similar  compoundn  hare  a  corre^jionding  com- 

tbia  compound  cannot  be  deconiposod  even  hy  boiling 

^nercial  yi'Iluw  oxide  i*  a   liydnitvil  nmnateof  am- 

Mcb   lirat  exjieU  the  water  and  ammonia,  and  al»o 

the  peroxide  into  the  black  or  the  green  oxide     The 

lis  of  the  iKTOxido  of  uranium  with  the  earths,  however, 

lAlrong  heat  without  (li'compo»iltun,  nnd  are  employed  to 

a  beautiful  and  (leculiar  yellow  to  glass. 

iLnNttiKs  nr  Ua.iNiiTM. — Tlie  Pntockloride  (UCl)taa 

le,  deliiiiu^MMnit   oouipouud,   which  is  decomposed  by 

tmrtltud  of  pa-paring  it  baa  already  been    dctoribvd 

'd'     '     '  .         )»  transmitted  over  the  pix>tochloride 

^  heated  to  rcduess  iu  a  glsM  ta\K,  k  ' 

ll2 


* 


I 
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subehloride  [VjC\^  is  produced,  which  crystallizes  in  ulender  dark- 
brown  needles,  whicli  are  but  slightly  Tolatilc ;  they  arc  very 
Kolnhle  ill  waKr,  and  form  a  deep  puqilc  mlulion,  from  whicb 
ammonia  throws  down  a  brown  suboxide ;  this  oxide  absorbs 
oxygcu  from  the  air  rapidly.  An  oryMoride  {(.'jCiOJ.or  (2  UjO,, 
Uj('l,],  somewhat  analogous  to  chlorochromic  acid  ((^$^),  is  fonued 
by  ])n»sing  clilorinc  over  the  protoxide  of  the  metal ;  it  ie  deJj- 
queeecnt,  and  forms  a  yellow  solution  with  water ;  with  the 
chlorides  of  the  alkaline  metals  it  forms  remarkable  double  salts  ; 
the  double  salt  with  chloride  of  potaaaium  consists  of  (KCl,l.IjC10] 
+  3  Aq),  and  crystallines  in  rhombic  tables  of  a  greenish -yellow 
colour. 

(53l)    CllABACTEHS  or  TUB  CoMFOrNDK    Or    UtIANItlU. —  t.   TllC 

salU  of  the  protoxide  of  uranium  liave  a  green  colour,  and  have  a 
iitrong  tendency  to  form  double  salts  with  salts  of  the  alkaline  metals 
which  contain  the  same  acid  as  themselves.  In  solutions  of  the 
protosalts  of  uranium  ammonia  and  the  alkalies  give  a  gclatiuou^, 
blackish -brown  precipitate  of  hydrated  uxide;  this  precipitate  aluurhs 
oxygcQ  and  becomes  yellow  from  the  formation  of  scsquioxide  of 
ur;iiiium,  whioli  uiitlr^  with  the  ciceiw  of  alkali.  Sn/iihurellrd 
hydrogen  produces  no  precipitate ;  but  hydrostitphate  gf  ammomu 
occiiHionH  a  black  dejKisit  of  sniphiile  of  uranium.  Oxaiate  <if 
ammonia  gives  a  greenish -white  precijiitate  of  oxalate  of  uraDiuia. 
Sohiliuus  of  the  green  salts  of  uruuitim  ab^rb  oxygen  rapidly, 
and  are  converted  by  nitric  acid  into  persalts,  even  without  the  aid 
of  heat. 

2. — The  $alt»  of  the  peroxide  are  yellow,  and  all  of  Uiem  contain, 
even  when  crj'stalliKcd  from  strongly  acid  solutions,  i  atom  of 
scsqiiioxidc  to  i  atom  only  of  the  ncii!.  The  jiemitrate,  for  iii- 
stiiuc-e,  whieb  crvstalliKCs  in  long  striated  prisms,  consists  of 
(UjOjiNOj  +  fS  A([).  Nnracruus  doubli!  suits  of  this  oxide  hav« 
nlso  been  formed  :  the  persnipliate  of  uranium  and  potash  consists 
of  {KO,SO,  +  r,0„SO,+ jAq).  Solutions  of  the  pcr»alto  of 
uranium  give  with  ammtmia  a  yellow  precipitate,  couMsting  of 
niranatc  of  ammonia;  with  ferrocyaniile  of  polastttim  tlicy  yield  a 
hair-brown  precipitate.  By  the  action  of  ummouia  they  are  distin- 
guished at  once  from  the  compounds  of  copper,  which  give  a  bine 
coluiion  on  the  addition  of  an  exec*-*  of  aninionia,  though  tlicy  yield 
a  precipitate  with  the  ferrocyanide  similar  in  colour  to  that  fur- 
Dijthed  by  the  salts  of  uranium.  Sulphuretted  hydrogen  produces 
no  ;*rerj"/>i  tale,  but  hi/drosutphate  of  ammonia  gives  a  yellowish  brown 
sidjtLklc.      Carifonatct  of  (he  oikalita  ^we  *.  ■^jtWiw,  igcAv.vAwt  ij;tck> 
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pitate,  soluble  in  cxccw  of  the  precipitant ;  these  jirecipitates  are 
double  carbonate^  of  uraiiium  and  of  tlic  iilkali  cmploycsl.  Witli 
ii^tuioa  of  nul  galU  a  dark -brown  precipitate  is  produced. 

{623)  Extimatiim  of  Uranium. — Uranium  is  usually  estimated  in 
tbc  form  of  protojide,  to  which  it  is  reduced  by  heating  the  sesqui- 
oxide  to  redncM  iit  a  ghkss  tulie  in  a  current  of  hydrogen ;  the  tube 
.Bust  be  sealed  up  whiUt  fuU  of  hydrogen,  and  weighed  in  tliis  con- 
Bitioii,  to  prevent  the  oxide  from  reabsorbing  oxygen  from  the  air. 

Unuiium  is  separated  from  the  alkalies  by  converting  it  into  a 
permit  by  nitric  acid,  if  not  already  in  that  condition^  and  then  prc- 
dpitatjiig  it  in  the  form  of  yellow  nninutu  of  animonin.  If  haryta, 
stniotia,  lime,  or  magnesia  l>e  present,  the  addition  of  sidphuric 
acid  separates  the  first  two  bases  in  the  form  of  sulphates ;  if  limo 
or  magnesia  be  present,  the  solution  is  filtered  from  the  precipitate, 
tbe  filtrate  evnporatcd  to  dryness,  and  then  heated  with  alcohol  of 
specific  gravity  ©■{joo ;  the  sulphates  of  lime  and  magnesia  remain 
unacted  npon,  whilst  the  pcntulphate  of  uranium  is  dissolved. 

Alumina,  glucina,  zinc,  cobalt,  and  nickel,  may  be  sc|mrated 
frona  uranium  by  adding  bicarbonate  of  potash  to  the  acidulated 
solution:  a  double  carI>onate  of  jMlash  and  uranium  remains  in 
the  liquid,  whilst  the  earths,  and  other  metallic  oxides,  are  prccipj. 
tated.  For  the  success  of  this  experiment  it  is  necessary,  if  the 
salts  of  ammonia  be  present,  that  they  should  be  expelled,  by  evapo- 
rating tite  Kolution  to  dryness  and  igniting  the  residue,  before 
c6ectio£  the  precipitation  of  the  various  bases  with  bicarbonate  of 
potub. 


§  VI.  Iron  [Fe=28).    Sp.  Gr.  7-844- 

(1523)  Condition  of  Iron  in  Nature. — Iron-  is  marc  extensively 
diffused  than  any  other  metal :  not  only  is  it  abundant  in  the  inor- 
ganic creation,  but  it  ift  an  esseutjal  constituent  in  the  bloud  uf  the 
vertebrate  animals. 

Iron  has  been  occa;«ionalIy  found  in  t)ie  native  form  accompany- 
ing the  ores  of  platinum ;  l)ut  when  it  occurs  in  the  metallic  slate 
it  ia  generally  met  with  in  mcte^oric  masses  associated  with  nickel, 
cobalt,  and  small  quantities  of  other  metals,  among  which  are 
copper,  manganese,  and  chromium.  Some  of  these  masses  which 
have  fallen  in  an  ignited  state  from  the  atmosphere  are  of  very 
eonsidcrablc  size.  One  discovered  in  Siberia,  by  Pallas,  weighed 
1600  lb.,  and  a  block  found  in  the  district  of  Cbaco-Gualamha,  to 

^A»utb  Amcries,  i"  e^rJmaCcd  at  between  13  atiA  \i,  \xffA'KKv^. 

^^iete  cxtraordiaary  bodies  arc  uniraiiortaut  ola  ftOiitcc*  ol  Sxou. 
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Tlic  ores  of  iron  are  numerou«.  The  most  ralable  tre  ihe 
foUoning: — 

I.  —  Moffneliclron  On, or  Loadnione  {FeO.FCjO,;^.  Gr.  _5-09). 
Thin  iH  foiiiKl  ill  eiiormoua  inas'iaji,  or  even  monntaiiM,  amoagTrt  Uic 
primary  formations.  ^Iiich  of  the  bfxt  Svcdish  iron  u  obtuned 
from  tliitt  niiiteriiil.  wliicli  is  also  ahundant  in  Xorth  America. 
Occasionally  it  is  found  in  detached  octofaedral  cry*t»li».  Coal  is 
absent  in  tliONc  form«tion»  in  wliicli  tliin  mineral  is  found  ;  hence 
cbarcoiil  is  the  fuel  ordinarily  employed  in  smelting  it.  This  fiiel 
contaiiiit  n  ^^mullcr  amount  of  asli  thnn  coal ;  fewer  impurities  ate 
therefore  introduced  by  it  during  the  smelting  than  when  coal  is 
used ;  and  as  the  ore  itself  is  generally  very  pure,  the  metal  which 
it  furnishes  ift  of  excellent  (jualtty.  Tlio  trow  tand,  found  in  India, 
and  employed  in  the  manufacture  of  wooti,  consists  cbiefly  of 
mafDctic  oxiile  of  iron. 

a. — Specular  Iron  Ore,  or  Fer  OHg'ule ;  Sp.  Gr.  5-1. — This  is 
an  anhydrous  voiiuioxide  of  iron  (Ftf,Ojl :  it  oociir*  in  tlie  pri- 
mary rocks.  The  principal  part  of  the  celebrated  Elba  iron, 
and  i^lso  a  large  quantity  of  Russian  and  of  Swedieb  iron,  are 
obtained  from  thin  source.  Cbarcoa]  is  in  this  case  also  the  fiid 
employed. 

5. — Hed  Httmalite  (FCjO,,  Sp.  Gr.  about  5-0)  is  another  form 
of  the  anhydrous  peroxide :  it  is  sometimea  found  maastvc,  but 
more  generally  in  fibroun  crystalline  noduloc  Tliis  ore  is  largely 
raised  in  Laucaaliire  and  in  some  parts  of  Cornwall.  It  is  neldoia 
smelted  alone  ;  but  it  forms  a  valuable  addition  to  the  clay  iron- 
stone of  the  coal  measures. 

Ji.— Brown  Uxmalitc  (2  Pe^Oj.jHO);  Sp.  Gr.  about  ,V9.— 
This  is  a  hydratei)  peroxide  of  iron,  which  generally  occnn 
massive.  It  is,  bowcrcr,  also  met  with  in  the  oolitic  strata,  in 
some  parts  of  France,  in  the  form  of  rounded  niaiLieH  termed  pea 
.  iron  ore,  mixed  with  a  small  proportion  of  clay.  Much  of  the 
Fr<?nch  iron  is  obtained  from  this  source.  Brown  hiematitr  ti 
R-adily  soluble  in  hydrochloric  acid;  it  is  less  refractory  in  the 
furnace  than  the  preceding  variety.  The  brown  bicmatitc,  when 
roMted,  becomes  iiorous  from  the  los^  of  it*  water,  and  in  thus 
rendered  more  manageable.  Mixed  with  variable  proportions  oC 
earth  or  clay,  and  sometimes  with  oxide  of  mangaoew,  this  oxide 
of  iron  forms  the  varieties  of  uralier  and  ochres.  It  occurs  prin- 
cipally in  tlic  H(rcoiidar}'  and  t«rtiary  deposits. 
1^  S.~SpaiAiclron,  w  Cwrbonateof  Iron  (FeO.CO,);  %  Gr.  3*8. 
—Thitt  is  found  in  crystaUine  xaasm&  oftcu  combined  with  carbon- 
JB  0/  iD^ncsia  nud  with  a  cQQ9iiAlenl^:k\%  ^tQ\«tvj«\i  -A  -OAXM^aMnt 
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as  in  the  Saxony  oro.  Mudi  of  llic  socallvd  natural  ttwl  w 
mode  from  ihia  ore. 

6. — Ctay  Ironstone  \»  the  chief  source  of  the  enormous  qaaii> 
titj'  of  iron  manufactured  in  <lreat  Britain.  It  ia  wi  impure  oar- 
bouate  of  iron,  containing  gciiL-rully  from  30  to  3^  per  cent,  of 
metallic  iron,  miu|;le(l  with  varying  proportions  of  cl»y,  oxide  of 
mangaoese,  lime,  and  magnc»ia.  This  argillaceous  ironstone 
oocure  ia  bands  broken  up  into  noduU-^,  or  in  cuntinuouK  »cam4, 
from  two  to  fourtccu  inches  thick,  altcruating  with  bods  of  coal, 
clay,  ahale,  or  limestone,  in  tlie  con!  measuren,  diffuiicd  over  large 
areas  in  South  StaJTordEhirc,  South  Wales,  and  some  other  partti 
(rfOreat  Britaiu.  It  i»  h!«o  found  in  the  Unitetl  Stdtra,  and  in 
Bohemia  aud  other  countries  of  central  Kurope.  It  has  a  s[>ecific 
grai'ity  ranging  Ix^twcen  37  and  3*47. 

7. — The  HIack  Band  of  the  Scotch  coal  fielda  is  also  a  car- 
booale  of  irou,  but  the  principal  forcigu  mntlcr  in  this  mineral, 
irhicb  oAeu  amounts  to  35  or  30  per  oent.,  is  of  a  bituminous  or 
ODtnbiMtible  nature. 

8. — A  siliceous  ironstone  baa  been  found  abundantly  in  tliR 
oolite;  in  the  neighbourhood  of  Northampton.  It  yields  an  infe- 
rior iron,  owing  to  the  prescnee  of  a  large  (juaulity  of  phospliatCH 
in  the  ore. 

9, — Another,  but  comparatively  an  uniiaportant  ore,  of  a  brown 
colour,  kuowu  as  bog-iron  ore,  is  a  mixture  of  hydratcd  peroxide 
and  phosphate  of  irou  in  variable  proportious.  It  occurs  in 
marshy,  alluvial  districtSj  near  the  surface. 

Iron  pyrites  (PeSJ,  though  a  very  abundant  mineral,  is 
wrought  only  for  tlie  sake  of  its  sulphur,  because  the  iron  which 
it  furuishcs  is  not  pure  enough  for  u«c. 


(634}  Smeltino  op  Clay  Ieosstosb. — After  the  ore  has  been 
broken  up  into  ma»ses  about  the  sixe  of  two  6&t3,  it  is  roasted,  in 
order  to  expel  water  and  carbonic  acid;  the  mass  is  thus  left  in 
a  porous  state,  highly  favourable  to  its  subsr(|ueut  reduction  in 
the  furnace.  The  routing  is  sometimes  performed  in  kilns,  but 
tuuully  in  heaps  tn  the  open  air.  If  this  operation  is  to  be 
effected  iu  the  opeu  heap,  a  plat  of  ground  is  levelled  and  covered 
with  a  layer  of  coal  in  lumps  to  the  depth  of  10  or  iz  inches; 
tliia  is  succeeded  by  alternate  Itiye  1-9  of  the  mineral  and  of  small 
eoaL  Tbc  quantity  of  coal  required  in  the  case  of  the  black  band 
is  often  very  ttmall,  as  the  ore  itself  frequently  contains  suffidcut 
iailammable  matter  to  continue  burning  when  oueii  well  1\^UA. 
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of  great  length.  Tbc  fire  is  kindled  kt  the  windward  extremity, 
and  allowed  to  spread  gradually  ttirougli  the  msi-n.  This  prcli- 
ntiiiarr  operation  oecupies  aome  month.i  for  its  completion.  The 
roasted  ore  i«  then  reA<ly  for  the  smelting. 

The  biaat  furnace  employed  for  tliin  pnqiOKe  in  represented  in 

section  in  fig,  326.     The 
Fio.  3»lf.  internal  eavity  in   shape 

resembles  a  long  narruv 
funnel  inverted  npon  the 
mouth  of  another  shorter 
fnnncl.  These  fumaees 
are  ni^iially  alwut  ,50  feet 
high,  and  from  14,  10  1; 
feet  in  diameter  in  the 
widest  part  of  the  cavity. 
The  lowe.xt  portion,  r,  or 
neek  of  the  funucl,  it 
termwl  the  cnuibU,  and 
is  made  of  very  refractory 
jnitstone.  In  the  front, 
H  or  10  inelicft  from  the 
floor  or  hearth,  n,  is 
a  lon^tudinal  apcrlnre 
above  the  tt/mp-stone,  t, 
for  the  overBow  of  the 
stag,  and  on  the  ^des 
ure  the  openings  for  the 
rrri/hts,  I  I,  or  blast-pipe*, 
nhich  are  conneeted  with 
powerful  blowing  ma- 
chinea  for  supplying  air 
under  a  pressure  of  fi'om  1  lb.  to  3  lb.  upon  the  inch.  A  steady  and 
most  intense  heat  in  thus  nniformly  maintained.  At  the  lowest 
^^  point  of  the  fumaee  is  the  tap-hole,  for  drawing  off  the  melted  metal 
^H  at  auilabte  intervals,  niiil  which,  except  at  Rueh  times,  is  closed  with 
^^  sand  and  clay :  K  K,  are  galleries,  whieh  allow  the  workmen  free 
L         access  to  the  tuyeres  and  lower  portion  of  tbc  furnace,  tbc  base  of 

■  which  is  kept  dry  and  well  drained   by  the  arched  channels,  m. 

■  Aliove  the  crucii>Ic  the  furnace  suddenly  widens,  forming  Hk 
I  iofhes,  D ;  the  lining,  c,  is  fonncd  of  fire-brick*,  which  are  con- 
^^  tinned  np  to  tbc  throat,  a,  of  the  fumaee :  the  whole  ta  cased  in 
^b  tlid  maaonry,  e  e,  and  svippoiVud  'w  uou  band*.  When  wori- 
^H     7  regularly,  such  a  farnacc  «  c\w>.tsiA  IVwimt^  ftx*i  tiveawati*. 


the  top,  at  interraU,  first  witli  coal,  and  then  with  a  suitaMe 

tore  of  roasted  ore  and  of  a  liin(?itonc  fliit  broken  into  small 
fmgmcnts.  As  the  fuel  burns  avray,  and  the  materials  sink  down 
pradufttly,  fre»h  layers  of  fuel,  utid  of  oro,  are  added ;  so  that  the 
fumacv  becomes  tilled  with  alternate  layers  of  fuel  and  of  ore. 

The  principal  siibiitanees  which  aro  ntrted  upon  in  such  a  furnace 
ar*  the  following  : — 

I  at,  Tlie  oxygen  contained  in  the  air  of  the  blast;  3»d,  the 
RMUtiHl  ore, — CDiuiating  of  oxide  of  iron,  silica  in  the  shape  of 
ssud  or  quartz,  clay  or  silicate  of  alumina,  and  a  little  magnesia 
and  oxide  of  uiau^aoese ;  ^nl,  coal  or  eokc, — composted  chiefly  of 
carbon,  with  a  small  pn>portion  of  byilrogcn ;  and  4th,  carbonate  of 
lime,  which  in  the  heat  of  the  fnniacc  soon  Incomes  (luieklirae, 

(625)  Theory  of  the  Blast  Furnace. — The  chemical  changes  may 
be  traced  as  follows,  beginning  at  the  bottom  of  the  furnace; — 
The  oxygen  contained  in  the  air  of  the  blast,  as  soon  as  it  comes 
into  oontACt  with  the  ftiel  in  the  crucible,  combine*  with  the 
carbon  and  forms  carbonic  acid,  attended  with  a  combustiou  of 
intense  activity,  Tlic  blast  is  thus  soon  deprived  of  all  its  free 
oxygen  ;  nearly  the  whole  of  the  nitrogen  escapes  unchanged,  but 
the  carbonic  acid,  in  its  passage  over  the  ignited  fuel,  is  <lecom- 
posed;  it  combines  with  an  additionid  equivalent  of  carbon,  and 
becomes  converted  into  carbonic  oxide ;  for  each  vulumc  of  cnr- 
Iwnic  neid  2  volumes  of  carlwuic  oxide  are  produced.  This 
formation  of  carbonic  oxide  is  attende<l  with  a  large  absorption  oi 
heat,  so  that  ihe  temperature  of  the  fiimncc,  above  the  crucible, 
becomes  rapidly  reduced,  and  a  quantity  of  highly  combustible  gas 
is  thus  formed.*  This  carbonic  oxide  becomes  mingled  with  car- 
buretted  hydrogen  and  free  hydrogen,  which  are  derived  from  the 
fuel  contained  in  the  upper  part  of  the  chaise,  as  it  gradually 
descends  towards  the  focus  of  intense  hnit  below.  A  pro^Hirtion 
of  the  g««cs  which  escape  from  the  opening  at  the   top  of  the 


*  BanMin  and  Flayfatr,  m  Iheir  oi&niiaatioa  of  tho  gases  produced  in  a 
hot-bUst  fureac*  at  Alfrotoii.  found  lliat  a  i-oosiderabi*  anmunt  ofcj-suido  of 
potswiain  iru  formicd  in  tho  hotl«r  portions  of  tho  f\imacG  (BritUk  Atmcia- 
<i</»  Seperti.  1^4$.  p.  iS]}:  part  oftlw  nitroKcn.  derived  probably  both  froni 
tlM>  blast  and  fnim  tbe  uosi,  had  thrrvforo  ontcrvd  iuto  combination  witli 
carbon,  and  ImU  oiut«d  with  the  potasiium  coataiucd  iu  small  quajititios  in 
tho  or>^  and  in  tfa*  ashes  of  the  coal. 

Thf  faniscc  in  whidi  these  eiperinMiiita  were  m«dc  wnii  40  fcpt  deep 
friiin  Uw  top  of  ihp  chnrne  to  llie  lieartliatone.  and  wm  phnr([<^l  ercry  IwfUtv 
minute*  with  4101b.  of  irousloiie,  390]b,  ofi-onl, and  (;olb.  oi'linii'atoue:  **ou 
cliarjcpyie'lilcd  i4alb.  of  |jig  iron.  Tlio  blunt  w«  under  a  prMsur*  of  fryg 
in«fa««  M  nMTOQTj. 

Ibete  tfhtmhu  »ute  that  nt  a  deplh  of  2}  feet  from  t\kQ  ViijVN.Ot  M^««^ 
frmo  the  top  of  the  faratux,  the  gages  which  tbrj  coWccted  wtt\»\Bft4  v^  Y** 
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furnace,  rarying  from  55  to  40  per  cent.,  U  oomlwetible ;  tJw 
remainder  con^i»tt  princiiially  of  nitrogen,  with  n  small  smount  of 
carbonic  acid.  The  ore  having  bccu  rcudered  poroiu  hy  the 
previous  roiurting,  is  easily  iK-iictratid  by  tli<^He  utceudiug  g«£>cs,  by 
contact  with  which  the  irou  becomea  reduced  in  the  upper  part  of 
the  Ixwhes,  whtre  the  heat  is  compuralivtly  muderatc.  By  degree* 
the  reduced  metal,  mixed  with  the  earthy  matter  of  tlie  ore,  niuks 
down  to  the  hotter  region.  Hvic  the  cnrthy  tiiatters  melt  and 
become  vitrifim) ;  whilst  the  iirou,  in  a  minutely  divided  state, 
being  brought  into  coutoct  with  the  carbon  of  the  fuel,  combiDcs 
with  it  and  fomis  the  fusible  comjKjund  well  known  as  ctv6t  iroo. 
Tliis  carbide  of  iron  melts,  sinks  down  below  the  tuyi-rea  through 
the  lighter  vitrified  »lags,  and  is  protected  by  theiu  from  the  further 
oetiou  of  oxygen.  The  bulk  of  the  slag  is  5  or  6  times  as  great  as 
that  of  tlie  irou  produced  :  it  floats  al»vc  the  melted  metal,  and  is 
allowed  to  flow  over  eontinually  at  tlie  opening  left  for  Uie  purpose; 
whilst  the  iron  is  run  off  at  iutcn-nlB  of  1 1  or  24  hours,  by  withdraw- 
ing the  stopping  of  clay  or  »aucl  from  the  tap-hole  at  the  bottom. 
The  furnace  slogs  constitute  an  impcrli'ct  species  of  glass,  con- 
sisting principully  of  silicates  of  lime,  magnesia,  and  alumiita,  with 
generally  a  email  proportion  of  silicate  of  maugancMi.  In  the  for- 
mation of  these  slags  tiie  siliceous  matters  of  the  ore  act  liku  a  true 
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iM^nt.  of  cjnuoKen.    The  following  table  faraislies  asumniaiy  ofthorafulU 
w1ii«b  thpy  oblainvdi — 

Avalyt'u  i^  Oatei  from  o  Hat-hhitt  Farnaft- 
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TliP  p^oc(^Bs  of  coViTiK.  n\i\i:\\  is  (effected  iu  the  npprr  part  of  Ihr  fiiniMc. 
did  not  sjipoar  to  he  compli'te  until  the  uliikrc'  liad  ri-Hi-hi'd  s  dei^tli  of  34  feet, 
but  wnn  mnat  acti?e  at  a  deitlii  of  14  tVot  1  Uip  principal  reductmn  of  Itc  ore 
iivemud  to  tnkc  plnt'r  Jiint  brlon'  <he  pnifit  nt  vkliu'li  tha^okinx  wui  complctuJ  ■ 
the  usximum  heat,  of  thin  riirnacr  occurring  between  about  ^  sad  4  tixl  above 
the  ttiyJrc,  or  33  fcPt  from  tlifi  lop. 

In  ■  fumncc  fL'd  with  ciuLrronl,  Biiniinii  found  the  rcductiou  i>f  the  Ore  to 
coniineuce  uearer  the  throat  of  the  furnace,  for  ia  ihia  t-iue  iw  absorption  of 
heat  occurred  siuilar  to  that  oceaiioniMi  by  tli«  praeeM  of  ookias  tno  ooal, 
n-liich  tnkex  ]>1flce  iu  tbt'  uppor  part  of  the  hot-blast  fufuaee.  The  aodjt  of  a 
eharcont  fiim-tcc  eon^eiiaeiiilj'  d<'vs  not  require  to  be  so  high  ss  that  of  a 
I'limxiv  in  nliich  eoal  ia  uaed.  Svuiiai  «i^cTOMiU\s\)'i  BhcljMti  lead  to  con- 
ciufioiii  fiuiixlauliully  the  same. 
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acid,  as  lli«y  combine  witli  tlii;  earth}-  bases,  limCj  mngnni*,  sxtA 
ftlumina,  and  rcallv  neutralise  them. 

The  general  ci>n]))0!<itiuii  of  these  slags  may  lie  seen  from  the 
■ub,jouied  analysis,  by  Uerthier,  of  a  *istg  from  Mcrlhyr  Tydvil : — 


Silica 40-4  =Jr5 

tirao 38'5) 

MncRnin S*'  f  =  '3'9 

Oxidf  of  Iron ^'H} 

AJtuiiiiia I  ri    =5'1] 

Sulphur tntov* 


99-0 

The  composition  of  tliis  sJajr  may  therefore  be  rcprc§cntcd  by  the 
formula,  5  [3  (CjiMgFe)O,  2  SiOJ  +  2  (AljO,,  SiO,) :  the  oxygen  in 
the  b«M*  being  nearly  equal  in  amount  to  that  coDtaiocd  in  the  silica. 

The  iron  an  it  runs  from  the  furnace,  however,  is  not  a  pure 
carbide  or  carburet,  for  in  the  intense  heat,  not  only  is  the  iron 
reduced,  bat  portions  also  of  silicon,  aluminum,  nud  calcium,  and 
ooea»ionally  other  bodiex  derived  from  the  flux  and  from  the  fuel. 
These  bodies  cuter  in  minute  quantity  into  combiuation  with  the 
iron,  the  [)ro^>ertie«  of  which  they  miktorially  m(;dify.  Manganese 
generally  accompanies  the  ores  of  iron  iu  greater  or  less  quantity, 
and  fn-qiiently  combines  n-ith  the  reduced  uietul. 

There  are  several  (wiiits  which  require  nice  adjustment  in  this 
process  of  reduction.  The  slaj-  must  not  he  of  too  fusible  a  de- 
scription, otherwise  the  iron  falls  to  the  bottom  before  it  has 
thoroughly  combined  with  the  carbon,  and  is  not  completely 
melted  ;  a  sufficiencj-  of  lime  should  always  be  present  to  neutra- 
lize the  whole  of  the  sUica,  for  unless  this  be  attended  to  a  silicate 
of  protoxide  of  iron  is  formed,  and  runs  olT  iu  waste.  Indeed,  a 
small  excess  of  lime  is  advantageous,  as  it  removes  sulphur,  if  pre- 
sent, in  tlie  shnpc  of  sulphide  of  calcium.  At  the  same  time  the 
calcareous  matter  must  not  be  too  abundant,  otherwise  the  work- 
ing of  the  furuacc  is  obstructed ;  the  slags  which  arc  formed  being 
of  a  less  fusible  character  are  but  imperfectly  melted,  the  iron  is 
entangled  within  them,  it  is  again  partially  oxidated  by  the  blast, 
and  the  product  of  the  furnace  is  greatly  tliminiNhed.  Experience 
has  shown  that  the  slags  (which  are  chidly  composed  of  the  mixed 
»ilicAte»  of  aliimiim  and  lime)  arc  most  fusil)le  when  the  oxygen  of 
the  silica  amounts  to  donble  that  in  the  bases  with  which  it  is  com- 
bined, and  when  the  proportion  of  lime  employed  as  a  flux  is  such  as 
would  be  furnished  by  adding  2  part*  of  limestone  for  every  3  of  clay 
contained  iu  the  ore.  A  slag  of  this  kind,  however,  caw  wA'j  *&«wa- 
ttgwaslf  be  ibrmcd  wheu  the  ore  is  smelted  w«\k  cXuxvc^oJi, «.  WX 
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vlucli  contains  but  little  sulphor,  and  whicb  allow*  the  reduction  to 
1)6  eflccted  iit  a  comparatively  modCTatB  tcni{)efature.  When  coal  or 
coke  is  used  as  the  fuel,  an  exoees  of  lime  is  required  to  carry  o6F 
the  sulphur  introduced  hjr  the  pyrites  of  the  coal,  and  the  Blag 
which  is  produced  under  these  circumstances  it  found  to  work 
motrt  advaiitn^coiislr  when  the  proportion  of  oxygen  in  the  bases 
is  nearly  equal  to  tliat  of  the  silica.  The  temperature  of  a  hlasi- 
fumace  fed  with  cool  or  coke  is  much  higher  than  that  of  one  in 
which  charcoal  is  uswi.  Slags  containing  several  hoMx  are  more 
fusible  than  when  one  or  two  only  arc  present,  tlie  different  sili- 
cates aiding  the  funibility  of  each  other. 

It  is  also  necessary  to  proportion  the  snpply  of  air  rightly  ;  if 
too  much  be  thrown  in,  the  funinra  In'comea  unduly  cooled;  if 
too  little,  the  supply  of  oxygen  is  insuHicicnt  for  the  maintenance 
of  a  proper  tcmpcrnturc  by  a  due  amount  of  combustion-  These, 
however,  are  iwints  the  aueceaaful  regulation  of  which  can  only  be 
acquired  by  cxiwricncc. 

The  stream  of  air  fur  the  blast  i«not  supplied  in  intermitting 
gusts,  but  is  equalised  as  much  as  [)o^iblc  :  where  the  cold  blast 
is  used,  thia  object  i«  attained  by  employing  an  air  chamber  or 
reservoir ;  and  where  the  hot  blast  is  employed,  the  long  pipe* 
required  for  healing  the  air  answer  the  same  purpose. 

(6^6)  The  Hot  Blast. — The  mass  of  air  which  poasca  through 
one  of  thcw  funmccs  i»  enormous,  iK-ing  not  less  than  160,000 
cubic  feet,  or  almut  f>  tons  weight,  per  hour.  It  is  evident,  there- 
fore, that  this  immense  volume  of  air  must  exercise  an  extraordi- 
nary cooling  etfect  niHin  the  eoutnit*  of  the  furnace.  This  evil 
Iia»  been  much  reduced  of  late  years  by  the  introduction  of  air 
which  has  been  previously  heated.  In  this  contritance,  which  i» 
known  as  the  hot  blast,  the  air,  before  it  rcachca  the  ftimace,  is 
made  to  pass  through  a  scries  of  pipes  which  are  maintained  at  a 
high  temperature,  either  by  meauit  of  a  9e)>arate  furnace,  or  by  * 
portion  of  the  wa*te  heat  of  tbc  blast  fnmacc  itself:  in  the  latter 
cue  the  hot  gases  are  conveyed  through  Hiiea  which  pass  from  the 
up{)er  part  uf  the  furnace  into  the  cham1>cr  which  contains  the 
pipes;  the  iipces*»ry  draught  being  maintained  by  a  chimney  fur- 
nished with  a  damper.  A  jet  of  the  escaping  blast  should  have  a 
temperature  nufflciently  high  to  melt  a  strip  of  lead  when  held  in 
it.  The  temperature  of  such  a  jet  as  it  iMiica  from  the  tuyere 
is  somewhat  higher  than  600°.  Mr.  E.  Cowpcr  has  improved  upon 
this  plan  by  burning  the  ga»es  which  ejiea])e  from  the  furnace,  in  m 
MOiber  of  brickwork  fiUed  ■flalU  fire-brick*  so  arranged  as  to 
•w  tiic  heated  ga»es  to  circu\tttc  l«c\^  MO^wAviiwa.    "t'wQ  wmS* 
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h  are    prepared ;  o*  soon   ns  tlic  bricks  in  one   of  these 
n  are  red  hot,  tUe  curreot  of  g&s  from  the  furuuce  is  cut 
I  ilireotvd  into  the  other  chamber,  io  order  to  heat  it,     la 
biitime  a  curreut  of  cold  air  ia  forced  tlirou)jh  the  Infilled 
■r,  ami  a  hot  blast  of  from  laoo"  to  1300^  is  thus  obtained. 
Biunber  ia  worked  altcniutel}- ;  the  one  becoming  htxted  whiUt 
ker  i»  employed  in  heating  the  blast,     la  this  way  Dearly  the 
m(  the  heiit  of  the  waste  gases  may  be  ccunomizcd. 
la  saviug  of  fui'l  clfoctcd  by  the  employment  of  the  hot  blsnt 
Miuc,  oud  is  much  greater  than  wa»  at  f\nt  imticipated :  ij 
iconl  arc  now  amply  euf&eieiit  for  the  production  of  a  ton  of 
■rotn    ore  which  would  have  retiuircd   8  tons  when  the  cold 
■Ids  uaed.     This  saving  is  effected  owing  to  the  operatiou 
■Enl  ettUvcH,  one  of  which  is,  that  nw  coul  may  iionr  be  used  1 
■farnacc  instead  of  coke :  moreover,  as  a  smaller  quantity  of 
I  mqiiircd  in  the  furnace  to  rai«e  the  iiij(x;ted  air  to  the  neccs- 
■nt|)eratiirc,  so  also  a  smaller  quantity   of  air  is  needed  to 
■Jn  the  combustion  :   the   maximum  he^it  of  the  furnace  is 
Ud  lower  down  iu  the   'erucible,'  so  that  the  upper  portions 
Ininiaeu  do  not  become  so  intcascly  healed  :  the  reduction 
^■|O0usc({uen[ly  takes  place  nearer  to  the  bottom,  and  thei 
BHoa  oonccDt rated  and  ecouomlxcd.     In  the  year  1843,  ths] 
pat  was  used  iu  erery  furnace  in  Scotland,  with  the  cxcep-  I 
If  one  at  the  C.irron  Works,  and  it  vies  computed  that  the 

■  {rota  the  cold  to  the  hot  blast  bail  etiected  a  living  of  coal 
■t  country  alone  amounliog    to  3,coo,ooo  tons   annually. 

■  Brit,  ttmeui,  Xo.  vii.,  p.  138.)  Even  in  a  hot-ljla»t  fur- 
fcuwevcr,  the  qiiantity  of  fuel  which  is  wostt^'d  i«  enormous. 
m  auul  I'layf^ir,  from  thnr  eUborate  eKperinients  at  Alfrcton, 
kite  ntinost  incredible  estimate  that  somcwhrtt  more  than  -{ths 
■total  ([tmntity  of  heat  jirixliirible  fnmi  the  fnol  consumed  is 
■ring  to  the  escape  of  unbumcd  combustible  matter  in  the 
^r  -,  Hiioh  OH  carboiiie  oxide,  r-arbii retted  hydrogen,  and 
I  <ich  are  still  fit  for  use.  Since  the  publicatinu  of 
pa*3irclie»,  Mr.  Budd  and  other  iron-masters  lutvc  economixcd 
km  of  the  lieat  contained  iu  the  escaping  gases,  iu  heating  the 
Ld  ill  (^aerating  etcam. 

p  IroD  obtaiitvd  by  the  use  of  the  hot  blast  is  inferior  in 
n  to  cold-blast  iron  ;  a  eircumstancc  which  appears  to  t>e 
I  f  dtic  to  the  fact  tliat  the  iirif|>orlioii  of  silicon  is  greater  iu 
I  m  in  (■'old-blnst  iron ;  it  is  aUo  to  be  noticed,  that  iu  the 
[  ucnt  of  the  hot  blast  uucoked  coal  is  used,  a  fuel  which  j 
I     more  sulphur,  and  probably  uUo  uu>rc  phospltoros,  thaiy 
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coke,  irhich  is  required  in  irorking  with  the  n>M  btnst.  Cran 
Calvert  lias  recently  introduced  a  method  of  purifying  the  foe), 
irliich  cn&btce  him  also  to  employ  coal  which,  on  sccount  of  the 
large  proportion  of  pyrites  whicli  it  contBiiw,  co<iId  not  formerly  be 
used  for  iron  smelting.  His  process  eon§ists  in  tnltint*  from  i  to 
3^  per  wnt.  of  diloridi-  of  wilinm  with  the  coal  prcviotisi  to  coktag, 
the  proportion  of  the  salt  beiug  varied  accordinR  to  the  quantity 
of  [lyritt's  pri'seiit  in  the  coal.  He  has  a!«o  found,  tliat  if  ibc 
same  proportion  of  chloride  of  sodium  be  added  to  the  raw  coal, 
and  the  mixture  be  charged  at  once  into  the  blftnt  furnace,  results 
'  are  obtained  ahno.it  equally  satisfactory.  The  sulphur  apjwan  to 
be  expelled  in  the  form  of  cliloride  of  sulphur. 

A  furnace  in  full  uork  requirctt  an  bouHy  mipply  of  rather 
more  than  1 1  tons  of  solid  msterial,  cousisting  ou  an  average  of 
5  part*  of  ooai,  5  of  roa.-'ted  ore,  and  2  of  limestone.  The  routed 
clay-iron  ore  yields  on  an  average  55  per  cent,  of  iron,  and  each 
funince  when  in  full  activity  furnishes  from  8  to  10  tons  of  metal  in 
the  34  Iioura.  Kvery  morning  and  ei'eniug  it  retjiiirea  to  be  tapped : 
ou  these  occasions  tbe  iron  is  run  into  shallow  grooves  in  the  sand, 
and  fnrmtt  the  cast  iron,  or  pig  iron  of  commerce.  A  good  fur- 
nace, if  well  managed,  may  be  made  thus  to  work  uniutcmiptedly 
without  repair  for  many  year*.* 

(627)  Varieties  of  CaH  Iron. — Cast  iron  dilfera  greatly  in 
quality;  the  dilTerencft*  ob»<>rved  in  it  depend  in  part  upon  diffcrcnecs 
in  tlie  proportion  of  carbon  and  biUcon  which  it  containa.  The  com- 
position of  tlicse  carbides  varies  considerably,  within  certain  limits ; 
but  it  does  not  appear  that  iron  is  capable  of  combining  with  more 
tliau  about  3  per  cent,  of  earboo.  A  compoimd  of  carbon  having 
the  comjjosition  of  Fe^C,  or  the  tetracariide,  wouhl  consist  of  94*91 
of  iron,  and  j'o8  of  carbon  ;  mid  this  is  very  nearly  tlie  com- 
jwsition  of  the  bar<le»t  and  most  fusible  kind  of  white  cast  iron, 
which,  irom  the  circumstance  of  it«  eri-stallizing  in  flat  brilliant 
tables,  is  termed  by  the  (lermans  iptcgtMien  (or  mirror  iron) : 
according  to  Gurlt,  the  specific  gravity  of  this  carbide  is  -j'i^. 
Faruday  and  Slotlart  found  the  nioitt  highly  carburettcd  irou  which 

*  The  produotion  of  iron  in  Great  Briiain  iii  iSj^  amounud  to  abont 
3^56.000  touB.  It  wan  Rtsirii  in  if^^^.  by  Mr.  IIIacKH't-l},  tliat  tUc  aaniMl 
liTOUUcliou  of  iron  in  diftfTcnt  ooun tries  was  thm  as  foUowa: — 

Toiw. 

Enttlaud 3.000.000 

Frmice 730.000 

Tuilcii  StatM    .    .     .       -Tfi<tioo 

Pnifsia 300,000 

Atxniris     .....        350,000 
»U.  six  miUious  of  tons,  of  wb\c^ 


B«l«iuin MOiOoe 

ilnetis 300,000 

SwoHen ISO.000 

Gcrninny loo.OOO 

Oi.\\M  ft\ii\(T.    ....  300,000 


COMP04ITION    AM>    PROVEKTICS   OF   CAST   IHON. 


527 


UwT  could  proiliwe,  to  consitil  of — imii,  <fy^6  ;  carbon,  5-6^..  Gurlt 
{Chem.  Oaz.,  1856,  p.  231)  has  ilffcribcil  another  definite  fonii  of 
cait  iron  (Fc^C),  tite  octoear^tte,  wtiicli  w!ieii|)iir« contains  3-63  per 
cent,  of  carl)ou.  It  has  a  sp.^.  775,  is  of  an  iron-grey  colour,  oiid 
has  a  hardiH>«  much  inferior  to  tliat  of  t)ie  ttrtniearbidc,  being 
Miglttly  malleable.  It  cryataUixes  in  confused  octobcdral  gronp«, 
and  according  to  Giirit  i$  the  jiriiicipul  coti!4tituL*ut  of  grey  cast 
iron.  In  many  varieticft  of  cast  iron  the  carbon  exisbt  in  tvo  dis- 
tioct  forms,— ^nc  portion  being  chemicnlly  combined  vith  the 
metal,  the  other  bein)(  meclianirally  diffuaed  through  it  in  the  eou- 
ditiou  of  graphite,  the  scales  of  whicli  may  be  distinctly  seen  with  ' 
a  msfpiifying  len*,  when  the  surface  of  a  frcahlj'  fractnrud  bar  is 
examincid.  These  scales  remain  unnclcd  upon  when  the  metal  is 
dissolrcd  in  diluted  acidn ;  the  eonihined  carbon  under  such  cir- 
cnmstaDces  unites  with  hydrogen,  and  forms  an  oily-looking  liquid 
of  ill  odour.  In  addition  to  cnrboii,  cant  iron  also  contains  silicon, 
tlic  proiwrtion  of  which  is  cqnally  liable  to  variation;  the  quanti- 
ties of  silicon  which  have  been  found  in  pig  iron  range  between 
^'5  and  0'25  per  ceuU* 

The  folluning  table  will  acrxc  to  illawtrate  the  general  coin- 
position  of  tome  raricties  of  caHt  iron  : — 


Oarll. 

'   llnliiiun.                    AM. 

Ot-t 
hoi  blMt. 

.....       f'"       Whin 

*^';'i^.  •''""■''  *"'"'■'= 

Spfdlle  ^nvlly    .    . 

rat      )     rai      '      7-41 

7-|« 

T*f          r*0»  1     75JI 

Carbon,  cvsilili 
SlUoon   ■    . 

ifd    . 

I'Oll 

i'H» 
VMS 

119! 
I'llO 

■*49a 
l'i;i 

rsat 

... 

oS7i 
l'ii« 

3-5 1  a 
»-7ii 

1*4 

I'Ti 

1  11 
»i'*» 
uvoe 

»-;s 

■  w 

oil 

tr&M 

■  ij 

Umee 
... 

140 

Snlpbar  .    . 
tttmtfberm 

true 

C'l* 

88  j; 
i'is 

Inn 

CatiiU    .    . 
ChraMtaoi . 

PfSflo   '  M^M 

txy-tSv  1  locoo 

loe-oo  I     Wss       iro^jo 

Gurlt'a  specimens  were  all  made  in  the  same  furnace,  and  with  the 
same  raaterial ;  tho  gtej  at  the  highest  temperature,  the  white  at 
the  lowg»t._    

■  EarstMi  found  tbst  when  cost  iron  wo*  melted  with  *ul|Aw  ia  s  eoTor»l 
rlireniriblc,  there  VIS  formed  on  cooliui;.  u  Inyfr  oriitlpLiiti-of  iron  tipoD  the 
•nrfaM'.  \\ica  a  lajor  of  crapbite,  and  bcm^ntli  Lliia  a  hyrr  of  rurbide  or  iron  in 
lbs  masinniB  dcgrcn  oroarbursiion.  Tlio«o  ulfticU  may  botkiu  iEXf'\Miv«&-.-'- 
CWrboais  ineapahl*^  ofd«eonipo»itig  fulpfaitle  of  iroa,  bntsiAfAvur  ct>&  A!\*\A&k« 
jwictt  iy<MB  the  ctrbido.    Oa  tho  addittoa  of  solphiu  to  ItM!  mAU;^  ■»><a\  uq& 
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The  fnsin^  point  of  cast  iron  varies  with  its  composition ;  tliat 
of  an  average  xpvcinivn  wait  estimated  by  Donicll  at  3786^  F. 

Til  commerce  there  are  three  principal  varieiieB  of  catl  iron, 
known  rrapcctivcly  n»  Ko*.  1,  a,  and  3,  Ko.  i  u  called  j/nj/  cart 
iron ;  "Ho.  2,  mottled  cast  iron ;  and  No.  3,  tciiUe  cast  iron.  Tbe  Gnt 
two  arc  soft,  and  CDiitniii  carboo  dif^cminatcd  id  ao  uncombitit-d 
form  tbrongh  the  taa&s.  (!roy  catit  iron  is  soft ;  it  may  be  filed, 
drilled,  and  turned  in  the  lathe,  and  though  somewhat  less  fuwWe 
than  thu  white,  is  prefen-ed  for  cHstliijr,  ninoe  when  melttd  m 
liquidity  is  more  perfect.  This  varicly  is  that  which  is  generally 
produced  from  a  furnace  iu  goo<l  working  order ;  if  cooliid  suddenly, 
it  is  ofteu  converted  into  white  cast  iron.  The  fracture  of  tlic 
motlkd  variety  iit  in  large  course  grains,  among  nhieh  points  ei 
graphite  are  distinctly  visible ;  it  is  very  tough,  and  is  valued  for 
casting  ordnance.  It  may  be  obtained  for  thi»  pnrpcwe  by 
partially  refiiiiiig  good  grey  iron.  White  cast  iron  eoiiUiins  about 
the  same  amount  of  carbon  as  the  mottled  iron,  but  the  whole  oJ 
the  curliiiii  apjicars  to  be  chcmiejdiy  combined  with  tbe  metal.  The 
white  variety  docs  not  pass  through  a  pasty  condiiioa  as  a  pr^ 
liminary  to  liquefactiou  j  it  is  more  fu»iblc  tlian  cither  of  the 
otliei-s,  is  lighter  in  colour,  very  hard  and  brittle,  has  a  lamellar 
cryttalliiie  fnictitrc,  and  a  fpecific  gravity  varying  betivecn  j'i  ami 
7'A.  It  usually  contains  less  siUcon,  but  more  sulphur  and  phos- 
phorus; than  grey  iron.  White  cast  iron  seems  in  some  cases  to 
one  itM  colour  to  the  presence  of  manganese.  A  much  higher 
temperature  in  the  furnace,  and  eonstqucntly  a  greater  consump- 
tion of  fuel,  is  required  for  the  production  of  grey  than  of  white 
iron.  This  may  probably  ariw;  fixim  the  fact,  that  if  wliilc  iron  be 
melted  and  exposed  to  a  temperature  considerably  higher  than  its 
melting  point,  the  tctraearbidc  of  iron  is  dcconipo§ed,  and  if  it  be 
allowed  to  eool  verj-  gradually,  a  portion  of  the  carbon  cryetalliiet 
out  as  graphite,  and  grey  cast  iron  is  produced.  In  the  procc**  of 
casting  heavy  article*  ibis  carbon  "eparatcs,  and  is  thrown  off  iu 
the  form  of  brilliant  scales,  termed  by  the  eastern  kiah. 

The  peculiar  value  of  iron  castings  depends  upon  its  property 
of  expanding  at  the  moment  of  solidifu^tion.      It  thus  fumisbc* 

til*  carbon  grniiiiiillv  bfCnmrJ  conrefilrnltil  in  tlist  part  of  itii-  iron  not  com 
bicied  witli  tlip  nilDhiir.  unll!  iti  point  of  ssturstiou  willi  l-btIkiu  u  rRftcbnl. 
and  then  thr  (irspliilv  vt  ii?|iiinitcd.  At^cnrdini;  to  the  some  sulliority.  both 
pUoiplionu  and  Mlivon  act  m  a  si milor  manner,  ptuuphidr  and  i-iHi-i'Jt^orin.'Q 
Winjl  fonnetl,  nhiliit  Lliucurbou  bi-com«ii conccoirutrd  in  thn  renuitidi-r.  until 
thcr  excess  of  carbon  Ut'ipcltrdsiidcrfitalluesiu  tbefonnof  Kmpiiiio.  Wlii'Q 
tlic  pn>pcTtion  of  phcwplionw,  ol'siliuon,  or  of  vulpbur,  i«  but  musII,  the  couf 
pouatU  which  thej-  form  with  i\v¥  '\toti  ystuo.™  dv»«m«\B.lji?d  iLroush  the  dism 
oi  &ut  iroa,  aad  cxtrt  au  im^tUkUl  vu&ukvum  lym'waXgi.va^  wi.'ve^asa.^.^ 
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lie  maicnnl   for  taking  tlic  mosl  minute   imprc^ioiis, 
v3LUUiijlirit:(l   iu   tlie  1)cautiful   catnliitga  ubiaiucd    from 

articles  made  of  cn-<>t  iron,  atich  a*  kcj  Mocks,  stimip 
fcfc,  Xttty  be  rtuilcrctl  malleable  by  packing  tliom  in  pow- 
Htatitc,  then  hrating  tltcm  to  ralneKit  for  t)Oni<:  lioun,  uod 
^%cni  to  i:oul  ii:iy  tJowly,  Id  tliis  case  the  oxj^en  of  tlie 
3v«t  a  porltoii  Ixitli  uf  tbe  carbun  nud  of  the  silieou,  by 
[uf  cemcutAtion  tlic  reverse  of  lliat  vhicli  takes  place 
manufacture  nf  tit«cl :  the  carbon  i*  grailunlly  removed 
'  ouLvr  layer  of  the  metal,  and  ia  alowly  transmitted  from 
k  to  particle  tJiruugli  tbc  Milid  l>ar,  till  it  renehea  the  surface, 
lit  uikderitocs  oxidation  at  the  expenee  of  part  of  the  oxvgeii 
jkffimautc.  TLv  aui»'\o<l  aualyKcs  contain  the  results  fui'- 
I  by  a  Hiinple  of  iron  both  before  and  after  it  had  been  thus 
The  cast  iron  ww  obtained  from  the  Laucmhirc  brown 
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■ 

8p»oiGo  eerily .... 

Iron  (b;  lo«*)   .... 
r<..k~.      wmbiacti   .    . 
^"*^     unrombiiwd    . 

PhtMphorut  ..... 
Sand 

HrllUr. 

HallHMn. 

7-684 

7;i8 

9S'7.t» 
1'3I7 

0-583 

trac» 
0-015 
tratto 
0503 

98-711 

0-I34 
044° 
0-409 
traoa 

tneo 

lOO'OOO 

100000 

Conr^rtton  of  Cast  tron  into  Wrought  Inn. — 1.  Ri^mt^. 

irtjii  aa  delivcrnl  IJrom  tlic  furnace  \»,  m  already  noliocd. 

Htm:    it  contains  variable  ([iiantitics  of  carbon,  silicon, 

phosphorus,  tiesiile*  irocu^  of  other  motaU,  such  as 

,  ciUciuni,  and  {lotassium.     Before  it  can  be  converted 

rroiight  iron  of  commerce,  it  hoH  to  undergo  a  process 

val  of  t)ie^  extraneous  matters.     ^lauy  castings  may 

Bt    onue  with    pig  iron,   but  it  cannot   be   worked   at 

^10  cft'oct  the  purification  of  tbc  crude  pig  iron,  it  is 

(pi)«e  it  to  the  rc(;'ilatcd  action  of  oxygen  at  a  liigh 

,  «o  aa  i;raduuny  to  burn  off  these  oxidiEiiblc  substances, 

nil).     The  pig  iron   is   iiMmlly   firat   reinelttxl  in 

.;  2j  to  30  ewl.,  uiM>n  Uic  lu-arlh  of  u  sort  of  forge, 

u  H 


530 


KEPIKIXO    OP    CA8T   IBOK rVnPtlKO. 


tenned  (hefiwry  or  n^inerx/,  the  fire  of  nbicli  is  animated  by  » 
double  tow  of  blaat  pipes.  Duriug  this  operation,  which  IiutU  about 
two  hoiint,  tbc  mi-tal  lo«»  from  lo  to  12  per  oeiit.  of  it*  weighi 
The  silicon  ia  more  readily  oxidised  thaa  the  nrbou,  no  tliat  it 
ia  the  impurity  which  i»  first  attacked  in  Uie  refining  process,  bat 
at  the  same  time  a  small  portion  of  the  carbon  <.-o»taiDcd  iu  the 
iron  is  burned  olT  a«  carbonic  o\idu ;  port  of  the  iron  also  becomct 
converted  into  the  protoxide,  which  unites  with  th«  silica  fuminbcd 
by  the  oxidation  of  the  silicon,  and  witli  the  Miid  which  adhertd 
to  the  surface  of  the  cast  metal:  a  fusible  slog  consisting  of  a 
highly  buic  silicate  of  protoxide  of  iron  (3  FeO.SiO,)  ia  thus  pn)< 
duecd.  The  excess  of  oxide  of  iron  in  this  slaga^in  reacts  upon 
the  melted  metal,  and  by  imparting  a  portion  of  it*  oxy^^Jt  to  the 
silicon  and  carbon  diasemiuated  through  the  roasA,  bums  off  n 
odditioual  quantity  of  these  subttunccs ;  portions  of  snlphar  and 
phosphorus  are  al»o  separated  by  oxidation  iu  this  process,  sad 
accuniulattt  iu  the  slag.  The  melted  irtm  is  then  niu  off  and 
fomie«l  into  a  flat  cake,  2  or  j  incbea  thick,  and  as  sooo  as  it 
Ijcgiits  (o  solidify  it  is  suddenly  cooled  by  pouring  water  upon  it; 
a  hard,  white,  brittle  mass  is  thus  obtained,  which  is  broken 
up  iuto  fragments.  In  this  operation  coke  is  the  combustible 
generally  inade  \im  of,  but  where  iron  of  superior  quality  is  n- 
quired,  as  in  making  tin-plate,  charcoal  is  employed.  Ordinary 
coke  contains  sulphur  and  earthy  impurities  which  injure  the 
quality  of  the  iron. 

The  effect  of  the  operation  in  well  exhibited  by  the  following 
analysis  quoted  by  Rcgnault,  giting  the  eompositton  of  a  portiM 
of  cast  iron  l)eforc  refluing,  and  a  portion  of  the  same  metal  aflcf 
it  had  passed  llirough  the  refinery  furnace. 
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{629)  Puddling. — The  refined  metal  rtill  retains  a  conside 
proportion  of  cnrbon  and  some  silicon.     In  order  to  rtmovc  ' 
it  is  next  introduced,  in  charges  of  from   4  to  j  cwt.,  iuto 
tiuddlin^  furnace.     This  consists  of  a  rcverberalory  fiirnace,  cog* 
xAid  w  ith  a  chimney  of  40  or  50  feet  in  height,  and  capable  ■ 
tJuciag  »  powerful  driiug\\l,  vi\v\c\^  u  >a3::v&et  «im<^\cAA  «ua«i 
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dfttnpcr.     Fig.  327,  rcprcKuts  a  wction  of  lti« 
furnace  i  a,  ia  the  bed,  or  lieftrtb,  upon  which  the  irou 
ag  is  [ilaccd ;  t,  is  the  flrc-pUoc  with  the  tperture  for 

PlO.  3»7. 


fhich  ia  doAi-d  witli  coal,  knd  not  by  n  door  as  osual  in 

o  U  tlie  br)(1^  which  separates  the  fuel  from  the 

bcvth.  A,  is  liiinl  witli  eaiit-iron  plates,  e  k,  vhich  are 

frotn    taehiug  hj  the  free  circulatioa  of  air  beneath 

the  fldt  Iciuling  to  the  chimiiL'/,  d,  at  tlie  top  of  which 

cr  io  "liutTti;  II  ia  tlie  plate  upon  which  the  iron  rests 

\c  puilrlliog  process;  it  is  protected  from  Uie  heat  bv  a 

red  lucDiatite,  of  sand,  or  of  slag  ;*  p  is  the  work- 

{ uruaco,  and  1  is  the  JUtts/toIr,  ov  aperture  through 

!  slaga  are  removed  from  the  hearth. 

iie  (-oarwr  kinds  of  iron  the  fumncc  is  fomclimcE  charged 

^or  cYtfu  wholly,  iriili  iron  that  baa  not   been  xefinud. 

luH  undergone  the  refining  process  never  hoconics  so 

it  in  iKiddiiii):  a^  nhen  crude  pig  iron  is  employed, 

1*  A  metal  of  finer  quulity. 


.il.iiTrii-rii  nf  lira*  as  a  liitiog  l»  llin  funiMe  hm»  bMOi  rMOM< 
.|iri>Tf  ll»>  ijuiuiljr  of  tlir  iron  by  rniiovniit  injlpliiir 
:  ilir  RHiuv  iiuic  i4  diciiuikli  tbc  ntr  or<>xi>lsUmi. 

u  H  a 
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■  1^  cnde  pi|;  iron  to  ttp  used,  the  pigs 

■waetal  wlini  firrt  lirnlccl  funmi  k  lliii 

Iv  bcvomea  fluid  and  aL  leiiglli  iicrfn.-tlj'  I 

'  OKtal  is  violently  ngitiitrd,  nnd  itMutuM 

.  oving  to  the  neapc  ot  the  carbonic 

Mft»  Cm  and  burn  witli  a  blun  flnmc,  whiUt  tlic  niell 

9f  B  ancnl  times  its  originnl  bulk.       It  U 

hf  ttf  pvddler  to  promote  ovidatioii. 

W^m  r^fbtnl  iron  is  used  it  is  often  mixed  with  a  ml 

:  ut  taitB  of  oxide  from  lli«  fnrge,  nnd  is  tlien  ^ 

Dplete  fusion,  carefully  uvoiding  the 
TIm  taan  is  well  stJmd,  w  m  to  iooorjiorato 
wA  ifcc  nelted  uicIaI  ;  oxrgcu  !£  transfenvd  froai 
to  ilie  rarhon  of  llic  nulted  iron,  ati 
abundtntly;  bnt  the  appraranec  ol  tioiltni 
when  cnule  pig  iron  in  u»cd.  In  citber  € 
bjr  itgnta  l>cconnes  \t»%  fusible  as  the  carbon 
in  tfaaibXy,  and  at  length  it  i»  convert^-d  into  a  gr; 
tank.  'the  beat  is  now  raised  till  it  becomes  vi 
Mi^  ta  m  earefuUy  excluded  by  cluMiiig  the  damper 
The  metel  aiain  begins  to  eoftcu  and  agglomerate. 
(Btr  fcadvaSit  collcrts  it  into  ImiIIm  or  Noonu  apoQ 
ofakinttfod;  be  tlien  remotes  it  from  the  fnrnacv 
T^ttJim;  about  tlim--qu»rtcn  of  n  hundredweight,  and 
vhibC  still  intensely  hot,  to  the  aelion  either  of  a 
a«;  or  a  powerful  pr»«,  eidlcd  the  thhyliajf  prna. 
^m  in  tliua  forcibly  suiueried  out,  tlio  particles  of 
"—■""'■?  n^am-  together,  and  the  density  is  iae 
'irn  ra^liiouetl  iuto  a  bar  Iiy  pn>3>iug  it  l>o« 
^liaws  kad  tbc  bjir  tluin  otitaincd  is  cut  into  l< 

mrrbrrator^'  runiact*  and  rc-bL-stol ;  ..  .:. 
B}icin   ilai-lf,   aiid   re-hcated  and   rolled, 
i  of  inn  ibm  process  is  rep^-ated  •ei. 

■fares  pamlle)  to  each  other,  hy  iiJ 

t»  much  increased.     Tlie  iron  i»  wra 
kn  i4(th  to  t4iIIi  of  it!>  wriglit  of 
U  vbeoo.     Tito  pnxenoc  even  of  iht*  small. 
1^  tnaterially  to  the  tongbnrM  and  bardm 
■^  at  padiDing  t^ 
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log  pmliwcd  during  (He  opcnitiouK  of  puddling  ntid  re- 
»tst&  chivlly  of  n  basic  sUicate  of  tbe  proloxidc  of  iron, 
^tift  upM  arils  of  60  per  vent,  uf  the  ntcul.  This  slag  or 
tr  i«  reduced  in  the  1>la»t  furnace  in  tho  same  manner  as 
ore,  but  it  is  jiUnj-s  foutid  to  produce  k  dcfvctivc  iron, 
knowu  ns  mid  thurt.  Such  iron  majr  be  forged  veil 
ftt,  but  nheu  cold  it  ift  brittle  and  rottou.  This  defect 
itHttcd  to  tlie  prcMiDCC  of  pliosphorus,  which  is  separated 
dK  cnide  metal  in  the  fonn  of  pho^phitte  of  iron  duntig  the 
AVltcn  the  sing  is  reduced  in  tlic  blast  furuaee,  both  the 
I  aud  the  iron  are  deprived  of  their  oxygen,  wid  bjr  their 
lioepbidc  of  iron,  form  the  &ult;  metal  in  question. 


bclr  uip^riiuenu  good  cold-blodt  StafTordiibire  grc;  iron.  No.  3, 
'  Tor  raalttng  iron  iriTe. 
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I  of  J  cvl.  of  iron  waa  iotroducvd  iulo  the  butl  of  the  fiirniuic.  vilb- 
lUnii  of  oxiido  of  iron  ;  in  40  minulo'  it  bi-come  fiuod,  and  on 
y\f  luddeoljr,  it  jricliU-d  n  britllo  mnni  like  nbil«  iron.  It  will 
'  -  tlie  cu-Mm  iDcreaiM  cIiiriuK  tlic  IJnl  ttaf;^  of  tlieproo«M. 
.«•  s  xtvt  rapid  diuiinutioD.  The  jril  «iini|>lo  wib  taken 
^ttning  of  the  h«tl,  irtieo  the  iron  ww  in  ita  mott  fluid  ron- 
takcn  diiriiig  the  full  boil,  and  conniitrtl  of  ainall  detached 
lurrounilml  by  tlaic.  No.  ^  Ibo  boil  wo*  t'omplelc^d.  It  wm 
but  Ihej  wcTL'  iiliulitiv  niallwblo.  No.  6,  tbi'  iron  wna  col* 
MS.  No.  7  iraa  taken  daring  ballios.  and  in  No.  S  t)io  balls 
for  the  ^)ll11;■ling  ptvaa.  Tbe  '  puddled  bar'  was  t«k«a  froB 
'  tt  bod  bceu  Lii:iitucivd  i  and  the  *  wiru  iron'  voa  tlw  fame  after 
bn>l:«D  up  into  billota,  robea[«d,  and  rolled  prrlimiuarj:'  to 

tvliiob  tru  aepantAd  during  tbo  operation  irai  found  lo  bar«  lh« 
■itioa;- 

.li« i<l"53 

Protoxide  of  iron  ........  66- J3 

Sulplilduofiron                           ....  6*8o 

inio'pltoric  acid S-flo 

Prntoiide  of  nuDEiui<->«  .......  4-90 

AJniniiia  ...  I-04 

Litop  0-70 


1 0000 


sai 


XAXUFACTOBB   OF  WKOCOnT    lltON. 


Mr.  Bcttomcr  boa  «tteDiptod  to  ralntitutc  for  the 
pudtlling  unti  rcflning  a  method  of  piirificatiou  whicli 
forcing  cold  air  at  &  pnamrc  of  lo  or  I J  lli.  upon 
incb  through  nielted  cast  iroti,  wlucb,  aa  it  nio*  from 
ii  receiretl  into  a  cylindrical  tl-wcI  eovvnA  irith  an  ■ 
and  lined  with  fireclay,  tlic  air  being  driven  iu  at 
through  several  tuyeres.  An  iutcusc  eoiulnutiuii  occui 
with  remarkable  cloration  of  t«nii>eruturc,  oning  pai 
oxidation  of  the  iron,  and  partly  to  that  of  tbs  cnrbou  ; 
bein^  converted  into  carlMuic  oxide,  escapes  at  all  pa 
man,  Uirowiug  the  irholc  into  riolcnt  agitatioD,  which 
mon  as  the  cartK)n  ih  burnt  off;  wlteii  this  occurs  tlie 
nearly  frectl  from  carbou  is  nm  off  into  moulds.  A  { 
iron  is,  however,  incurred  in  thi*  operation ;  a  copiotu  i 
of  iron,  mixed  with  a  little  silicate,  itt  produced,  aw 
large  quantity  of  metallic  irou  is  entangled :  not  leu 
crait.  of  the  metal  is  thus  watted,  and  tbe  mallral)] 
retains  nearly  all  tlie  pboaphorus  and  much  of  the 
Rally  prcaent. 

But  though  the  procirwt  of  Bessemer  baa  not  Im 
with  the  imjwrtant  results  which  were  anticipated  from 
mcnt  in  refining  the  ordinary  (ng  iron  obtained  by  the 
clay  iron-stone  n-ith  ooa],  it  is  stated  to  have  bctca  cm 
ceeaful  when  applii^l  to  the  pure  Swedish  charcoal  ptg 
baa  by  its  u)ean«  Ix-cn  convi-rted  by  a  single  op««IJ 
duration  into  cast  steel  of  the  tineat  quality.  ^F 

{630)  Production  oj  It'i-ovfffit  Iron  direct  /rvm  lki\ 
pure  ores,  whicli  constxt  of  mognctic  oiidc,  or  of  pcrad 
arc  frequently  converted  at  oiicc  into  wrought  iroft,  4 
production  of  east  iron.  This  pcocc**  Is  iiroctised  in  thi 
by  whnt  is  termed  the  Catalan  forge,  and  still  more  lad 
bloomrry  forgfn  of  tlic  Itiitted  States.  Iu  the  America 
forge  cither  the  hot  or  the  cold  bUst  may  bo  eraploja 
having  been  tir^t  reduce<l  by  stamiwrs  to  a  CoUm  nfl 
on  tlie  top  of  the  coal  in  tbe  forge  which  hat  brea  ^H 
reoGplion  ;  a  high  heap  of  cool  it  kept  im  the  firv,  ajJ 
supply  of  ore  iii  tnaincained :  as  the  metal  ii  nxta<J 
to  tbe  bottom  in  n  pasty  sute;  when  tufr,-:..,..  ),^  I 
to  form  a  bloom,  or  ball,  the  m«tal  is  co;  n  a^ 

heated  before  the  bliLst-|njw,  and  th- '.  ii.i!.:ii:i  r.<1.  i 
welded,  aa  if  it  had  coioc  (mm  the  ptuiahi^g  fumw^ 
itelttilwyj/,  p.  J44).     ThEs  method  jAdda  a  rcry  ^H 
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cliarcojJ  i«  employed,  but  the  eousuiuption  of  Tiiel  per  ton  of  metal 
is  much  greater  lUim  in  the  hliist  fiirnnco ;  n  hirgc  portion  of  the 
I  ore  iit  also  wasted  in  the  form  of  &lags,  which  are  very  rich  in  oxide 
of  iron.  The  iron  produei'd  by  tliis*  pl■occ^"l  frequently  containa 
lufGcicot  carbon  to  give  to  it  some  of  the  properties  of  steel :  for 
iostauee,  it  becomes  ranch  hKrdcr  when  heated  and  euddeoly 
Ooolctl.  Iron  of  this  description  is  valuable  iii  the  mainifacture  of 
plough-shart»,  uid  heavy  iirticlcs  requiring  both  toughness  and 
hnntucss. 

(631)  Manufacture  of  Steel. — Iron,  when  combined  with  a 
emaller  proportion  of  carbon  than  is  contained  in  cast  iron,  fiir- 
uiahcs  the  valiiaWe  compounil  ivell  known  as  steel,  of  which  there 
are  several  varieties.  The  quantity  of  carbon  in  good  steel  varies 
between  07  ami  17  per  cent.  ;  hut  steel  which  possesses  the  greatest 
tenacity  faa«  been  found  to  contain  from  1-3  to  15  per  cent,  of 
carbon,  and  about  O'l  of  silicon.  Natural strel  is  pro<1uced  direetly 
from  the  best  cast  iron  by  heating   it  by  means  of  charcoal   on 

kthe  refining  hearth,  as  in  the  operation  which  precedes  the  pro- 
cIh  of  puddling ;  the  oxygen  bums  ofl'  a  portion  of  the  carbon 
from  the  cast  iron,  and  steel  is  left.  In  some  of  the  Welsh  iron 
works  steel  is  now  made  upon  the  bed  of  the  puddling  furnace 
itself,  by  carefully  arresting  the  operation  at  u  stage  short  of  the 
complete  oxidation  of  the  carbon.  The  preparation  of  natural  steel 
is,  therefore,  nii  intermediute  stage  in  the  conversion  of  cast  into 
wrought  iron.  Iron  which  contains  mangancae  ia  best  fitted 
for  the  pre|Htration  of  this  kind  of  steel.  The  itiaw  thus  obtained 
is  rendered  homogeneous  by  forging.  It  yields  a  steel  of  inferior 
qu^ity,  which  is  employed  for  making  agricultural  implements 
and  springs  for  machinery. 

For  more  delicate  purposes  hliitered  sttel  is  made  use  of:  this 
is  obt&ined  by  means  of  cementation,  which  is  an  operation  just 
the  reverse  of  tlmt  by  which  natural  steel  is  formed.  This  process 
is  carried  on  in  a  furnace  into  which  two  rectangular  boica  of 
brickvork  or  stoneware,  for  the  reception  of  the  bam  of  iron  which 
•re  to  be  converted  into  steel,  are  built ;  the  fire-grate  is  bclwcen 
these  boxes,  around  which  the  flame  circulate*  freely.  This  con- 
TCTBtoa  is  eBected  by  heating  the  iron  in  contact  with  powdered 
cfaarooal,  or  with  soot ;  the  carbonaceous  matter  in  either  ease  is 
Bsoally  mixed  with  about  a  tenth  of  its  weight  of  common  salt  and 
wood  uhe»,  forming  what  is  technieally  termed  cement  powder.  In 
preparing  a  charge,  the  bottom  of  each  box  is  coveteA  VaV  &\K^m 
oflbe  txaieatjtoirticr  to  the  dejith  of  about  Ul  lUcVi,  ami  u^ti  xXva 
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at  intervaU  of  nboot  batf  an  incb,  it  la^er  of  bars  of  the  bat 
malluibic  iron  is  ptaM^I,  rcating  upon  thdr  edges.  The  intcrttico 
between  the  bare  arc  al«)  filled  with  cement  powder,  vrhicb  u 
tightly  packed  arotiiid  the  iron  ;  above  this  ia  a  lajrcr  of  the  pow- 
der, then  another  layer  of  bars,  and  so  on  in  socoemion  until  the 
box  is  nearly  full,  when  it  contains  from  5  to  6  Ioqb  of  iron.  The 
remaining  space  is  now  covered  with  a  layer  of  damp  aatid  of  from 
3  to  6  iuehea  in  depth,  and  the  lire  ia  gradually  raiwd  to  a  fall  red 
heat,  or  to  about  the  tcmpcratui-c  required  for  melting  copper;  at 
this  point  it  ia  steadily  maintained.  One  of  the  bais  of  steel  is  so 
placed  that  it  can  be  removed  from  time  to  time  during  the 
operation,  for  the  pnqioiC  of  ascertaining  the  process  of  the  carbo. 
ration  by  inspection.  The  process  is  usually  complete  in  nix  of 
eight  days ;  but  the  time  reqiiired  necnsarily  raries  with  tbo 
tliicknc.ts  of  the  iron  bars  operated  on  ;  the  fire  is  then  gnduaUf 
reduced,  and  the  furnace  is  snlTered  to  cool  slowly,  an  operatioD 
wliicJi  lasts  ten  days  or  a  fortnight.  The  steel  thus  ubtaindi 
retains  tbo  form  of  the  iron,  but  it  i*  cohered  with  blebs  or  blisters, 
by  which  the  surface  is  rendered  irregular  and  uneven.  TIic  maw 
is  found  to  }iave  Iwen  pt'netrnted  by  carbon  whicli  liaa  been  tnuu- 
ferred  from  particle  to  particle  of  the  metal,  the  properties  of  which 
it  has  conipietely  changed.  It  has  I«'cn  sup[io*ed  tliat  ihew 
blisters  may  jjossibty  arise  from  the  combination  of  parts  of  the 
carbon  with  oxygen  derived  from  particles  of  oxide  of  iron,  which 
arc  apt  to  he  median i<-jdly  retained  even  in  tlie  most  csrefiiUy 
prepared  bars,  Carbonic  oxide  would  thus  be  productM),  and  im- 
prisoned in  the  tenacious  nieta),  which  in  ttH  softened  state  would 
be  raised  by  it  into  bubbles  or  blebs.  Great  cari:,  howe*-cr,  is 
generally  taken  to  exelu<le  slag  and  oxide  of  iron  from  baia  which 
it  iK  intended  to  convert  into  steel :  in  the  majority  of  instances  it 
is  more  probable  that  the  hlisterN  arc  occasioned  by  the  conihina- 
tion  of  carbon  with  the  sulphur  which  is  still  retained  l»y  the  iron, 
and  which,  by  forming  the  volatile  bixulpbide  of  carlwn,  noidd 
pnwbicc  the  effect  (T.  11.  Henry),  All  bar  iron  contains  lrac€«  of 
fulphur  ;  but  in  steel  sulphur  ia  never  present,  and  there  apjiears 
^B  to  Ijc  no  other  mode  of  accounting  for  its  uniform  absence  than  its 
^H  removal  during  the  process  of  carburation  in  the  form  uf  bisulphide 
^H       of  carbon. 

^H  By  the  process  of  cementation  the  iron  has  been  combined 

^H  with  about  15  percent,  of  carbon:  it  is  now  much  more  fitsiblo 
^H^  than  before.  It  has  also  entirely  lost  ita  filirous  texture ;  and 
^^^^  when  broken  across  exhibits  a  close,  finc<grainvd  fracture.  Steel 
t  aity  also  be  roado  without  f&ttxS.  vii^\zsA.  ■«i.'^  fs»i»«wv»\(^  ^to^-j 

m - 
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lieating  the  bars  in  carbureited  hydrogea ;  but  tbis  proccts  baa 
not  cume  into  gpocrnl  iii«c. 

Blisb^rod  steel  is  never  homageneoUH,  llie  surface  bciiig  always 
more  bigbly  carljurettcd  tlian  tlic  inner  p»rtioii!i  of  llie  bars.  This 
Turicty  of  steel  is  employed  for  files,  tools,  and  hardware  of  all 
description*.  Wlicn  blittercd  Ntccl  is  fused  it  forms  cutl  steel, 
which,  from  being  more  uniform  in  texture,  is  of  superior  (juality, 
as  the  carbon  is  more  equally  distributed  tbrotigliout  tbc!  mafis  :  it 
IK  employed  for  cutlery  of  the  beat  description.  IVted  steel  is 
also  obtnincd  from  blistered  steel;  it  is  first  broken  up  into  U-ngtbH 
of  about  iK  inches,  then  l>ouiid  into  fagota  and  raised  to  awcliliii;; 
heat  in  a  wind  furnace,  where  it  is  covered  with  sand,  which  com- 
bines mth  the  superfictai  coating  of  oxide  of  iron  and  forms  a 
foaible  slag :  the  red-hot  fagot  is  then  rolled,  and  forged,  by  ueaiiH 
of  the  tilt- hammer,  into  smaller  ban*.  All  steel  is  improved  by 
thb  process  of  hammering.  These  tilted  bars,  whcu  broken  up 
and  weldcfl  together,  form  .o/ieiir  steel. 

For  many  purposes  the  addition  of  a  small  quantity  of  man- 
ganese is  an  improvement  to  the  quality  of  the  steel.  If  about  i 
per  ocnU  of  carbide  of  manganese,  or  of  a  mixture  of  charcoal  and 
oxide  of  manganese,  be  introduced  into  the  melling-imt,  a  steel  is 
obtaiucd  of  fine,  close  grain,  which  admits  of  being  welded  to 
wrought  iron ;  a  property  not  poaaessed  by  ordinary  steel.  The 
experiments  of  Faraday  and  Stodart  led  them  to  the  conelusion 
tkat  the  addition  of  »m»ll  qunutitie»  of  silver,  of  chromium,  or  of 
rhodium,  to  good  steel,  fumi^ed  a  steel  of  a  sapcrior  kind.  The 
combioation  of  8  or  9  per  cent,  of  tungsten  with  ordinary  steel  ia 
nid  to  yield  a  material  remarkable  for  hardness  and  elasticity, 
which  increases  its  value  for  certain  purposes.  Wlien  steel  is  to 
be  used  for  the  manufacture  of  dies  for  coining,  the  presence  of  a 
small  [tmporlion  of  phosphorus  is  beneficial  (lirande). 

When  diluted  nitric  acid  falls  upon  steel,  a  dark  grey  spot  is 
produced,  owing  to  the  solution  of  the  niital  in  the  acid  whilst  its 
cuboQ  remains  unacted  u^ion :  the  acid  produces  a  green  spot  upon 
inn.  Tlie  acid  nets  unequally  upon  ditfcreut  parts  of  the  surface 
in  certain  of  the  finer  varieties  of  steel,  and  thus  produces  a  veined 
npjicaraoce,  snob  as  was  formerly  given  to  the  celebrated  llamas- 
ens  blades.  The  Damascus  steel  is  more  highly  carburettcd  thau 
ordinary  steel,  and  if  allowed  to  cool  slowly,  it  separates  into 
layers  of  two  different  degrees  of  carbnration  [Bicant) ;  hence 
certain  parts,  when  acted  on  by  dilutctl  acid,  leave  more  carbon 
than  others ;  the  form  and  dlrectioD  of  these  veins  vwnj  ii\V\^  \\vk. 
mode  of  foTgiag  adopted. 
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ffoolT  i»  a  finely  damcsked,  hard  cast  siecl,  of  cxccDcnC 
quatitr,  nliich  is  oblaiaed  from  India.  Fnradnjr  found  aluminam 
iu  a  sample  of  tlibi  *teel  wliicli  liR  analrsed,  and  was  disponed  to 
refer  its  peculiar  qoaJitics  to  the  presence  of  this  tnetal.  It 
Bp))ears,  liovrevcr,  from  tlieexiwrimetitsof  Heory  {PMl.  Mag.,3xAj, 
1852),  that  aliuDiDnm  is  not  alnavB  pri-scot  in  wootz.  He  givti 
the  following  as  the  composittou  of  a  bar  of  geimiue'  Indian  woot^ 
of  specific  gravity  7727  : — 

Carbon  («>"'''1^% ''^ 

(  UDcombinod 0'3i> 

SiUeoD 0*041 

Sulphur 0170 

Artenjc o'ojfi 

Iron gS-ioo 

■OO'OOO 

analvBts  have  also  failed  in  finding  alaminum  in  vootz. 

The  physical  properties  of  steel  differ  mnterially  from  those  of 
iron.  As  already  mentioned,  ateel  ia  granular  in  texture,  brittie, 
and  more  easily  melted  than  iron.  Its  most  chUDCteriKtSc  pnv 
pcrty,  however,  coti!ii«lsi  in  its  jiowcr  of  anaraii^  a  hardncH 
scarcely  inferior  to  that  of  the  diamond  when  hcftted  to  reducA 
and  then  suddenly  eofiled  liy  plunging  it  into  water,  mei-cnry,  or  oil 
After  thi.<  trentracnt  it  is  rendered  cstrcmcly  brittle,  and  almost 
perfectly  clastic.     It  can  then  no  longer  be  attacked  by  the  file. 

This  extreme  hardness  and  brittlcncss  may  be  rumored  by  the 
process  of  temperltig,  wliidi  is  a  pecnliur  mode  of  annealing;  it 
consixti  in  heating;  the  steel  moderately  and  then  allowing  it  to 
coo).  The  tempering  of  steel  is  an  operation  of  great  practical 
importance,  as  from  the  variety  of  purposes  to  which  Etcd  i> 
applied,  it  is  required  of  very  different  degrees  of  hardness,  and 
ujKHi  tlie  due  adjustmcut  of  this  quality  much  of  its  utility  dcpcods. 
The  degree  to  which  the  tenijieriit  lire  m  rainid  in  the  second 
heating  regulates  this  point :  the  higher  the  heat  the  softer  is  the 
atccl.  In  priu:ticc  the  workman  judges  with  sufficient  accuracy  of 
the  tt^nipcraturc  to  which  the  metal  has  been  cxpowd,  by  observing 
the  ooloiy  wliicli  the  steel  assumes  owing  to  the  varying  thickness 
of  the  film  of  oiide  whi(?h  is  formed  upon  its  surface.  It  is  easy 
to  show  that  this  colour  is  due  to  the  formation  of  a  lilm  of  oxide; 
for  by  pniuting  on  the  surface  of  the  steel  various  dc^'ices  in  oil  or 
varnish,  and  then  exposing  it  to  heat,  the  surface  of  the  blade 
becomes  coloured  in  every  part  excepting  those  portions  which 
have  been  varnished,  and  these,  when  the  varnish  is  removed, 
■*M«in  their  original  polish.  The  first  ijcrccijtible  tint  ia  a  light 
>ir  coiour,  which  is  producei  ^15  iVfcXo-awx  ft.'tisc*  •*  \«»,v,»i& 
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indicates  tUe  tisrdeAt  temper;  the  heat  required  u>  from  430"  to 
430";  it  is  used  for  UticctH,  ra7.or)',  itnd  eur^cal  iDstrumvnts:  at 
470^  a  full  yellow  is  produced ;  it  ia  the  temper  fitted  for  Acalpels, 
pen'kaivcs,  aud  611c  cutlery.  The  temperature  of  490°  gives  a 
brovn-yellow,  which  ia  the  temper  for  shears  iutcudcd  for  ciiltitig 
iron.  At  510**  the  firet  tinge  of  purple  shows  itself:  this  is  the 
temper  employed  for  pocket-knives :  520"  gives  a  purjile,  whicli  ia 
the  tint  for  tahlc  and  oarving-kaives.  A  temperature  from  530" 
to  570°  produces  various  shades  of  blue,  such  as  are  used  for 
watch-springs,  sword-hladcs,  saws,  and  instruments  requiring  great 
ebsticity  [Sti>dart).  The  difierent  dc^ees  of  heat  may  l>c  exactly 
regulated  hy  heating  the  different  articles  ia  a  fusible  metal  or  oil- 
batli,  the  temperature  of  which  is  a^eert&itieil  by  means  of  tliermo- 
mctcrs,  though  in  ordiimry  cases  this  degree  of  nicety  is  not  observed. 
Hardened  »teel  i»  somewhat  len)*  dense  than  H-rouglit  steel.  It 
appears  that  a  portion  of  the  carbon  contained  in  steel,  before  the 
alloy  ban  been  hardened,  is  in  the  uneomhincd  state  ;  thi.«  jiortion 
ia  left  in  the  form  of  graphitic  scales,  when  the  metal  is  dissolved 
in  hydrochloric  neid :  hut  afteir  the  titcel  has  been  hardened,  the 
whole  of  the  carbon  is  chemically  united  with  the  iron  ;  and  when 
treated  with  iu:ids,  is  left  in  the  form  of  a  liquid  hydrocarbon. 
Before  it  haa  been  hardened  it  may  be  worked  as  easily  as  iron,  and 
in  certain  cases  may  be  welded  upon  tlial  metal.  luatrumeut^  are 
completely  finished  in  the  soft  state,  and  are  then  hardened  and 
■absequtiutly  tcinjicred. 

It  is  sometimes  desirable  to  eonrert  articles  manufactured  from 
■oft  iron  superiiciiilly  into  steel.  Tliis  is  tormnl  cuse-hardemng, 
and  ia  effected  hy  heating  them  in  contact  with  powdered  eai«t-iron 
turnings,  or  oometiitie*  with  [wwdered  charcoal.     Tlie  same  object 

-M  attained   if  they    are  sprinkled   when  red-hot  with  powdered 

'  'ftorrocyanidc  of  pota»aiuni. 

(53a)  Preparation  of  pure  Iron, — Tti  onler  to  obtain  iron 
cJwmically  pure,  Bejaelius  recommends  that  filings  of  the  best  bar 
iron  be  intimately  miiied  with  oue  fifth  of  their  weight  of  pure 
peroxide  of  iron,  and  placed  in  a  Ilcsaian  crucible,  covered  with 
ponoilod  glass  (free  from  lead) ;  the  cover  is  then  to  he  carefully 
luted  on,  and  the  crucible  to  be  exposed  for  an  hour  to  the 
strongest  heat  of  a  smith's  forge.  By  thi»  mcaiiri  all  traces  of 
carlwii  and  of  silicon  are  nxidiiied  at  the  expense  of  the  oxygen 
of  tb«  peroxide  of  iron,  whilst  the  excess  of  oxide  forms  a  fusible 
•lag  with  the  glass.  If  the  ojjeration  be  siicceaaM,  l\\ft  wtiw.  V-Nv 
be  laeiUnJ  into  a  baltoa,  with  a  lutilre  ap^ro&cViVat^  fti«A.  o^  sCwcx. 
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Such  iron  is  very  tough,  aad  much  xofter  than  ordinary  bar  iroa 
it  has  a  ap.  gr.  of  7'ti439.     Pure  iron  mav  also  be  obtained  in  tbc 
stttU;  of  fiiw  powder,  by  cIccompusiDg  the  pure  peroxide  at  a  red 
heat  in  a  current  of  hydrogen  gaa. 

(633)  Properties  of  Bar  Iron. — The  bar  iron  of  commerce  is 
nercr  pure.  It  alwajii  retaius  small  quantities  of  carlKin,  Tarying 
from  o'3  to  o'4  per  cent.,  aud  traces  of  silicon  and  sulphur;  occa> 
sionally,  also  of  phosphorud  and  arsenic.  The  preKtice  of  thi*  MmaU 
quautity  of  carbon  much  increases  its  hiuxlDcss  and  tenacity,  but 
the  other  ingredienta  act  injuriously  upon  the  metal. 

Bar  iron  has  a  bluislt-vrhitc  or  grey  colour,  and  ts  endowed 
with  coii»idcrabln  lustre  aud  hardness ;  it  takes  a  higli  i)oli»li :  it* 
texture  is  usually  fibrous,  and  when  broken  across,  it  exhibits  a 
ragged  or  hackly  fracture ;  when  rubbed,  it  emits  a  peculiar  clift- 
ractcristic  odonr.  The  average  specific  granty  of  good  bar  iron  b 
77,  It  require*  the  moat  intense  heat  of  a  wind  fumaci:  for  ib 
fusion.  Ir(m  passes  through  a  soft  pas^  condition  before  it  ■ 
completely  melted ;  thi*  properly  is  one  of  great  practical  in- 
portance  :  if  two  pieces  of  iron  bc-hcatcd  to  whiteness,  spriukltd 
with  sBud,  and  hninmercd  togetlier,  they  may  be  united  or  wtUtA 
so  completely  that  the  junction  is  as  tough  as  any  other  part  of 
tlic  mclul.  Tlic  Muid  iii  uiied  as  a  f1u.t  to  the  oiide  of  iron,  with 
which  it  forms  a  slag,  which  coats  each  piece  of  the  metal ;  by 
the  blow  of  the  hnnimcr  tliitt  layer  of  melted  matter  is  (breed  oat, 
and  tlic  two  clean  surfaces  of  metal  become  united  togeth«-.  At 
a  red  heat  iiou  may  be  forged  into  any  shape  with  (iicility,  but  si 
ordinary  temperatures  it  possesses  but  little  malleability,  aa  com- 
pared witli  gold  itiid  silver.  It  however  admits  of  being  rolled 
into  very  thin  sheets.  In  ductility,  iron  stands  very  high  in  the 
scale,  aud  in  tenacity  it  far  exceeds  all  other  known  substanots, 
with  the  exception  of  cobalt  and  nickel. 

If  compared  with  other  roetaU,  iron  is  inferior  to  many  of  then 
as  a  conductor  of  heat  and  of  electricity.  Its  susceptibility  to 
niagtietUm  is  peculiar ;  no  mctui  exhibiting  this  pmpcrty  in  any 
marked  degree,  excepting  cobalt  and  nickel,  aud  in  them  tbc  power 
is  developed  to  a  mtieh  smaller  extent.  But  though  iron  in  its 
pure  state  is  susceptible  of  magnetic  induction,  it  cannot  be  per- 
manently magnetized  unless  it  be  combined  with  carbon,  as  b 
steel ;  with  oxygen,  as  in  the  loadstone  (Fe,OJ  ;  or  with  sulphur, 
as  in  certain  rarictic«  of  pyrites  (Fe^S^),  and  (Fc.SJ.  It  is  cspe- 
cially  worthy  of  observation,  that  if  oxygen  or  sulphur  l>c  present 
in  quantity  either  greater  or  less  than  in  these  partieular  com- 
Bot/s,  not  only  is  the  j^itci  ot  KUnaiivxi^  'ma^si;iKv:>!&\u.  %jc3Cuw^«&^ 
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ilkBa  twromcs  slmost  iiidilT(.-rcnt  to  the  acHoa  of  a  magnet. 
MCn  itn  iiiMgoetic  power  wlicii  heated  to  re(liie>s,hut  rocovi^rs 
n  ail  rooltng. 

:  s  higli  trmpcratnro  irou  buniH  Tctulily,  emitting  viiid  scin- 
im,  B»  maj'  1>c  fcen  at  the  blacksmith's  forge,  or  atill  more 
nil;  when  n  gtovring  wire  in  introilucctl  into  a  jar  of  oxygen. 
lets],  hnweror,  preserves  its  lustre  unchanged  in  dry  air  at 
ty  tt.-tDprratiiros,  btit  when  expOHtd  to  a  moiil  atmosphere, 
tftce  in  qnlckly  altered,  and  it  becomes  covered  iritli  rtist. 
onoe  a  tyiol  of  nut  begina  to  •how  itcelf,  tlic  oxidation 
iU  n[)idtj' ;  moisture  is  a1»orbcd  from  the  air  by  the  oxide, 
bus  u  species  of  vcilutic  ncticin  is  [iroduocd,  the  oxide  per- 
ig  the  iMirt  of  an  elcctro-ncgatirc  clement,  whilAt  the  iron 
««cleelro-po»itive,  and  the  atmospheric  moisture  ads  as  the 
Ig  lii|iitd.  The  rwrhouic  acid  of  tho  air  contributes  in  an 
butt  way  towards  increasing  the  rapidity  vith  which  this 
occurs ;  but  it  is  not  iudiapensable.  It  apjtcara  that  usually 
[irotocarbonate  of  iron  i«  firKt  formed,  and  is  aftcrwurds 
by  lliQ  fnrthcr  absorption  of  oxygen,  by  which  it  is 
tuto  tlic  bydmtcd  oxide,  or  rust  of  iron,  whilst  the  libc- 
)nic  acid  forms  a  fresh  portion  of  protocarbonate :  a 
water  is  deosidiiK^  in  the  proecss,  and  hydrogen  is 
if  n  considerable  heap  of  iron  turoiogs  be  moistened  and 
Ml  to  air,  the  |>oculiar  odour  of  hydrogen,  «.«  evolved  from  a 
^farbidr,  ia  perceived,  and  tho  temperature  of  the  masa 
^ilembly.  Intn  nut  always  G0iit«ini<  ammonia,  derived 
mtrtioii  of  the  hydrogen  of  the  water  upon  the  nitrogen 
awphrre,  whicli  is  diwolvod  in  the  water  with  which  the 
I  mcristened.  Kven  the  native  oxides  of  iron  invariably 
»ne«  of  anini'mia  (riifvallior).  Iron  may  lie  kept  for 
jib  of  lime  witliuut  undcrguing  any  change  iu  water  C|uite 
nir,  aa  well  m  in  water  coiitainitig  a  little  free  alkali. 
■'■  '  dividtid  state,  such  us  that  produced  by  reducing 
ill-  of  iixm  at  a  luw  tcrii{>vriiliire  in  a  currt-nt  of 
gaa,  tlic  melat  takes  fire  by  mcee  c\|>osurc  to  the 
i  If  a  snndl  (]naiitity  orahiniina  be  prccipitjited  with 

I   iron,  so  as  to  interpose  mmv  foreign  matter  between 
taartielea  of  llic   metal,   this  pyroplioric   property  is    much 
At   a  red  heat   iron  decomposes  water  rapidly,  and 
hydrogen  [3</)],  uhiUt  the  iron  is  converted  into  minute 
the  black  or   magnclie  oxide ;  tbc  following  ccjuatiou 
■      '     :  :  Mchange.+»0  +  3Pe=4n  +  (KeO,  t'e,0,). 
kc,  sod  io«linv  combine  ([uicLly  with  iron,  oad 
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dissolve  it  cMii;  nt  ordiunry  teiDpcratiire»,  if  the  metal  be  <1igeBl«d 
vitti  them  in  water.  Iroa  is  soluble  in  diluted  Bulplturic  and 
hydrochloric  ncidif,  with  cxtricntion  of  hydrogen.  Even  carlwnic 
acid,  when  contained  in  water  from  which  air  i&  excluded,  alowljr 
dissolves  thi«  mctui  with  extrication  of  hydrogen,  and  the  carbonate 
of  iron  is  dissolved  in  the  excess  of  carbonic  acid.  Concentrated 
sulphuric  acid  has  very  little  uctiun  on  iron,  creu  when  Wiled  upon 
it, — a  bIow  solution,  attended  vith  evolution  of  sulphurous  aeid, 
occurring :  but  the  niclal  i^  rapidly  attncked  by  lutric  ncid,  with 
abundant  evolution  of  biuoxide  of  nitrogen. 

(634)  Ptittive  Condition  of  Iron. — Under  certain  circuniirtauwa 
iron  may  be  kept  in  concentrated  nitric  acid  for  weeks,  without 
the  slightest  action,  or  nlterntion  of  the  poli^b  of  it«  surfucc.  Tlierv 
are  various  methods  of  producing  this  pajiitive  condition  of  iron  in 
an  acid  of  n  moderate  decree  of  concent  ration ;  some  of  these  seem 
to  indicate  an  intimate  connexion  with  ita  voltaic  relations.  This 
will  be  rendered  evident  from  the  following  statement  of  some  of 
the  ei re uni stances  under  wliich  tliis  remarkable  phenomenon  is 
niauifi-»lcd.  If  a  piece  of  clcna  iron  wire  be  introduced  into 
nitric  acid,  of  a  sp.  gr.  of  about  i*5j,  immediate  and  brisk  action 
ensues ;  but  if  the  metal  be  touched  beneath  the  surface  of  the 
liquid  vith  a  piece  of  i^old,  of  platinum,  or  uf  plumbago,  tlia 
ehcmicnl  action,  contrary  to  what  might  bare  been  anticipated,  is 
suddenly  arrested  if  the  temperature  of  the  ncid  ha»  not  beca 
allowed  to  rise  too  high.  If  n  second  iron  wire  be  made  to  touch 
the  first,  and  then  be  introduced  into  the  acid,  it  aluo  t»  rendered 
inactive.  This  second  wire  may  be  used  in  like  manner  to  render 
a  third  inactive.  But  if  any  of  these  inactive  wire*  be  withdrawn 
fVom  the  ncid,  and  exposed  to  the  air  for  a  few  seconds,  it  will  be 
found  to  be  rapidly  acted  on  upon  again  introducing  it  into  the 
ncid.  If  whil«I  in  the  acid  the  iron  wire  be  made  the  lincode  of 
a  roltuc  arrangement,  oxygen  ga-i  \*  evolved  from  the  surface  of 
the  iron,  but  does  not  combine  with  it.  \i,  on  the  contrary,  a 
piece  of  passive  iron  be  uiude  the  platiiiodc  or  negative  plate  0^ 
the  nrrnngement,  it  is  immediately  attacked  by  the  acid. 

By  heating  the  end  of  a  clean  iron  wire  in  the  flame  of  a  spirit 
lamp  so  Its  to  give  it  a  superficial  coating  of  oxide,  the  wire  u 
brought  into  the  paAivc  condition.*     If  into  acid  containing  a 

•  Similar  rffpcta  nri'  produced  with  wirpn  of  colinlt  or  of  nifknl,  tliOTia;!i 
wilb  tbun  tin-  action  in  Ickk  ilron^Iy  marked  (Nirklii).  tiueb  wirnn.if  (linccil 
iu  rulUic  r«'latiuD  with  an  active  wire  of  the  Htnc  mvtol,  ore  found  U>  bu 
stroiiRly  eli'i'iro-ucj'alivd  iowarda  it :  but  pa«ii»e  iron,  oubslt,  kxA  uiekol  kv 
eJtvlro-poiiiuvf  in  rvlslim  to  p\tt».iiiMin.  k\i4i««*  k*»  showu  tbat  biunuth 
alio  way  be  roudorcd  punvc  in  GUacvaU9tU&  'uSru  usA. 


H,  a  w 


ALLOTS  ASO  OXIDCB  OP   lltO.V. 


643 


I,  a  BCCOD<l  ordinary  wire,  not  in  contact  with  tlio  Gret, 
kluccd,  iirixk  Action  uu  the  ordioar;  wire  entues ;  and  on 
the  |Kt0aivc  wire  to  touch  the  active  one,  immediate  action 
<n  both. 

mg  nitric  acid,  of  sp.  gr.  r45,  renders  all  iron  jnasire;  the 
lay  be  Iceiit  in  it  for  years  without  losing  it*  brilliaocy,  or 
iu\y  action  ;  and  a  wire  withdrawn  from  tlie  strong  add, 
OQKd  into  acid  of  1*35,  ttill  remains  (iiUKivc.  If  it  l>c  wiped 
i  then  |)lungcd  into  the  weaker  acid,  it  immediately  bcgina 
aralvcd.  If  tlie  acid  be  diluted  below  a  deusity  of  1-35,  it 
dtSAokea  the  metal,  whatc%-cr  may  have  been  ita  previous 
B. 

ya)  AUttya  of  Iron. — Iron  fonna  alloys  with  most  of  the 
but  they  nrc  not  in  getieral  of  much  importtmoc  The 
t  of  ttoinll  quantities  of  cop|Kr,  of  arsenic,  or  of  sulphur,  in 
■aiil  10  occiuuon  a  deflective  quality  of  metal,  technically 
jM  red  fhort.  Sueh  iron  i§  tough  at  ordinary  tcrapera^ 
liun  brittle  when  heated  toreducu  for  forging. 

.1 uf  prei>arin£  xine-platc,  or  galvanized  iron,  has  bceo 

describcil  (5<>0>  Tin-plate  is  prepared  by  an  analogoos 
;  it  eon«Uta  ofirou  superficially  bIIovmI  with  tin. 
4J  Oxides  of  Iron. — Iron  yieUU  four  definite  compounds 
llgBik:  t.  Ti»e  protifxitk  (FcO),  which  is  the  baxis  of  the 
Br  ferrous  saltx  of  iron :  2.  llie  gesijuloxide  (Ve^O^,  which 
baac  uf  the  red,  or  ferric  salts:  3.  The  bisck,  or  magnttie 
Ifllich  may  be  viewed  as  a  compound  of  tbo  two  prcceiling 
'  or  (FeO,  FcgOj)  j  it  docs  not  form  any  definite  salts: 
.  (FcO^),  which  is  a  weak  and  uustablc  metallic  acid, 
■Hi  cumbinea  with  tlic  alkalies. 

^mt/c  of  fnjH  ;  Ftrrrom  (Mdn  (FcOejC). — It  is  obtninetl 
Pt)  of  a  white  hydrate  br  dissolving  a  pure  protoaalt  of  iron 
r  ncKiitly  boiled,  and  precipitating  by  an  alkali,  the  solution 
Utn  niuiilarly  treatal,  both  being  allowed  to  cool  out 
ij, .  ill  air,  and  licing  mixe<i  in  vesHcl*  from  which  air  is 
^H  If  tltiit  precipitate  be  boiled  in  a  ves*cl  from  which 
^Fi  '  '1,  it  loMN  its  water  of  hydration,  Ukc  the  oside 
B<  iitilurcircumBtaDCL-K.  Tlic  hydratod  oxide  absorbe 
gmnlily  from  the  air,  pa^iiiug  through  various  shades  of  J 
' '  !i  green,  and  black,  till  finally  it  nMumcs  an 
.  ,  the  fonnation  of  the  hydrated  ^esquioiidc.  It 
in  water,  but  is  soroewliat  soluble  in  amniouia;  this 
'  '-  r;h«orbs  osygeu  from  tbc  air,  and  a  film  of  ini 
^>f  iron  ie  formed  upon  its  surface.     The 
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oxide  is  roadily  dissolved  hy  adds,  and  forms  with  them  sa3t4 
wliicli  arc  knowu  as  the  jirotOMlU  <tf  irtm ;  \\it:y  bavc  a  gnen 
colour,  and  an  astiiugcDt,  inky  taste.  The  solutions  of  tlieae  saltan 
vlicu  csposod  to  tbv  air,  u)i»orb  oxygen,  mid  arv  decomposed; 
which  ca»e  Halts  of  the  scsquioxide  arc  formed,  one  portiOD  ol 
which  16  retained  in  solution,  whilst  u  basic  rait  of  the  Bcatjuiosida 
falU  ait  a  rusty  iusoluhio  precipitate.  For  example,  iu  the  caM^  of 
the  protosulplitttc  of  iron,  8  atoms  of  the  wit  absorb  4  atoms  of 
oxjgeii,  and  are  decomposed  as  follows : — 


PmbBuIpfa.  iHin. 


Soluble  Fanulyb. 
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lo[F«0,SO,)+50+3HO=3(Fe.0^3SO,)  +  (2Fr^O^SOg+3'Aq). 

(636)  Penxide,  Rc<i  Oxittt,  or  Setqmoxide  0/  Iron ;  Forte 
Oxide  (FcjO,=8o). — The  anliydroua  iteaquioxide  is  obtained  br 
the  arts  by  igniting  the  iirotosulphatc  of  iron  (643),  and  is  knovn 
under  thu  uamcM  of  coicothar,  crocus  of  Mars,  or  rvagf,  occordini 
to  Uie  degree  of  Icvtgatiou  to  which  it  has  been  submitted  ;  it  it 
extensively  employed,  amongst  other  uses,  for  polishing  glass,  and 
by  jewellers  for  putting  a  finish  to  their  goods.  It  ia  also  emplojed 
as  a  red  pigment. 

The  aeMqnioiidc  occurs  native  in  great  ahuiidaiicc :  several 
of  its  varieties  have  been  alrnwly  mentioned  as  among  the  most 
valtittble  ores  of  iron;  it  contains  70  per  cent,  of  the  metal,  end 
30  of  oxygen.  Tlie  specular  ore  of  Elba  {*p.  gr,  5"2i}  often  pre- 
sents iiiilurul  facets  of  the  mo§t  perfect  polish,  and  of  remarkable 
site  and  lustre.  It  occurs  in  forme  of  the  rhombohedral  syst«iii, 
und  is  isomorphous  with  alumina  iu  corundum.  Red  ha'niatite,  or 
bloodstone  (sp.  gr.  from  48  to  50),  nuolher  of  its  varieties,  i» 
extremely  hard,  and,  when  polished,  is  employed  for  burnishing 
gilt  trinkets. 

Hydratft  of  SegqaioritU  of  Iron. — There  are  several  of  tliese. 
Hrown  ha;matitc  is  the  hydrate  {2  PcjO,,  3  110)  Sp.  Gr.  3-98. 
Thii"  mineral  in  readily  dis.iolved  by  acida.  It  contains  j9"89  pr 
cent,  of  iron,  with  aj'fi;  of  oxygen,  and  i4'44.  of  water.  Another 
native  hydrate  (HO,  Fc,0,)  has  been  found  crystallixod  in  cubes; 
it  is  isomorphous  with  the  magnetic  oxide  of  iron  (FeO,  FCjO^},  to 
which  it  corresponds  in  cumposilion,  1  atom  of  protoxide  of  iron 
being  displaced  by  1  of  water.  Brown  hiematite  gives  the  red  and 
yellow  colour  to  the  different  varieties  of  clay. 

The  scsciuioxidc  is  best  obtained  in  a  state  of  purity,  by  |Mfc- 
'lilating  the  scwiuichloridc  of  iron  by  ammonia  in  excess.     It 
i  as   a   bnlky  light-brown  ftoccutcnt  hydrate,   which  shrinks 
ariablj-  us  it  dries  :  if  ^T«ci^iW,<^  w  a.  c^  mj^iiMui-DliuA  ftrnd 
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nS^rer  Biil)>hurii'  iicid,  it  ooouius  a  Kep,,  j  IIO  (St. 
but  it  is  apt  torcuia»lit(lcammoaia,vbicbtsca%ilycx]>elle(l 
I  Tbe  tame  hydrate  is  aim  formed  irbeo  moiKt  irou  u 
ho  boootac  oxidized  by  exposure  to  air.  If  dried  at  aia^ 
b  io*l  1  per  oeiit.  of  water,  corresponding  in  composition  to 
HO) :  bat  if  the  bjdnttc  be  not  dried,  but  alloircd  to  remain 
I  montli.4  under  water,  it  becomes  eryxtalliric,  aiid.aecord- 
k'itLstciu,  ia  converted  into  an  allolropic  hydrate  (i  Fe.Oj, 
I  Ilydratn)  peroxide  of  iron  slowly  paula  with  its  water  at 
Kcd  heat  of  600"*,  and  if  subsequently  heated  to  dull  red- 
Uuddcnly  contntcbi  in  bulk,  and  glows  brightly  for  a  few 
k  vbiUt  undergoing  molecular  change ;  after  this  it  it 
I  by  uci<l»  with  difficulty,  but  U  readily  attacked  by  s 
\o(  protocliloridc  of  iron  in  hydrochloric  acid  :  at  a  very 
ftpcmturc  the  HCsquioxidc  loses  ono  ninth  of  its  oxygen,  and 
Med  into  the  magnetie  oxide  of  iron. 
jntol  sc'squioxidc  of  iron,  wlieu  reccutly  precipitated  from 
btioua,  is  easily  soluble  in  adds,  forming  the  pcraall^  of 
I  ferric  suits ;  they  have  a  strongly  acid  reaction,  and  do 
Itallizc:  many  of  tltem  are  deli<iuCBcent.  Their  oonccn- 
plutious  liarc  the  property  of  dissolving  a  ooosiderable 
■  thv  oxide,  in  urhieh  ea-sc  tlicy  auume  a  deep  red  colour. 
Ibuic  solntioDS  be  diluted  and  boilnl,  the  peroxide  of  iron 
Hjr  toporated  in  the  form  of  an  insoluble  snliaolt.  If  well 
Inid  freshly  precipitated  bydratcd  oxide  of  iron,  obtained 
Icrtion  of  oinmontii  upon  the  scsquicliloride  in  the  cold,  be 
k  witter  for  8  or  10  hours,  its  colour*  becomes  changed  horn 
|DVn  to  hrit.^  red,  aud  it  ia  converted  into  an  allotroptc 
Btm  of  the  hydrate  (FcjOj,IIO),  aud  by  prolonged  lioiUng 
lb  of  it  even  Itwcs  all  its  water.  It  is  insoluble  in  »tnmg 
Biitric  acid,  aud  only  oloirly  soluble  in  hot  Iiydrocblorie 
bold  acetic  acid,  and  cold  diluted  bydrDcliloric  and  nitric 
LqIvc  it,  forming  a  red  liquid  which  appears  to  be  turbid 
bed  light ;  concentrated  nitric  or  hydrochloric  acid  occa* 
led  precipitate  in  this  solution,  but  it  becomes  rcdissolved 
kdditiuii  of  water.  Tlic  solution  is  tH#o  precipitated  by 
uioii  of  any  sulphate,  or  of  uny  suits  of  the  olkaUes.  If 
bary  hydruted  tcaqiiioxidc  of  irou  be  kq>t  long  in  wat«r, 
■riC  ftt  the  siime  time  it  lie  ex|<oscil  to  n  low  temperature, 
Hha  a  ainiiliir  modi fi cation  in  cumpusitiunaiid  properties. 
m  •oliiUoD  of  thi*  oxide,  if  kept  for  some  time  in  a  cloded 
In"'  .  r      '      Uter  rod   colour.     It  appears  to 

I    m.  ^  I  d  Uijht,  but  clcair  by  trautmilled 
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light.  It  ]ia«lo«t  !b  utriogcttt  metxllic  taste.  The  «dditioa  od 
soluble  STtlphatc  c&ubo»  an  iiumcdiatc  precipitate,  and  so  do  the 
stroiig  McidM :  it  in  uo  longer  reddened  by  the  addttiou  of  a  aulpho- 
cyaoide,  and  does  not  g;ive  a  precipitate  of  Prussiau  hlue  witb 
feiTocj^anidc  of  potusvium  (P^  dc  St.  Gilles,  Ah>u  dt  Chimie,  III. 
xW.  47). 

Hvdrntcd  xcsquioxidc  of  iron  is  now  uned  to  some  extent  (or 
the  purpose  of  puriffing  coal  gas  from  sulphuretted  hydrogen, 
which  is  always  produced  dunng  the  distillation  of  cool.  Tor  this 
purpose  tlie  oxide  w  mixed  with  sawdust,  and  placed  in  Uycre,  of 
10  or  13  inches  iu  thickness,  upon  the  pcrforutcd  shelved  of  a  diy 
lime  ptirilicr  (1314]:  h)'dratod  nestpiisulpbido  of  iron  aud  water 
arc  formed ;  FcjO^,  x  UO  +  3  118=2  FcjS^  X 110  +  3  110.  After 
the  mixture  ha.t  oeiued  to  nbsorh  any  more  aulphurcttcd  hydrogen, 
it  is  oxidized  by  exposure  to  a  current  of  air ;  hydratcd  BC«|ai- 
oxicle  of  iron  \f.  thu»  roproducvd,  and  sulphur  is  set  free ;  Fe^S^ 
jrII0  +  3  0=Fc,0j,x  HO+3S.  The  mixture  may  nguin  be 
uaed  for  the  same  purpose  a»  nt  tirHt,  and  llits  proocsa.may  be 
r^cated  several  times  in  succession,  until  the  accumulation  of 
aiilphur  incebutiicully  impairs  the  absorbent  jiovcn  of  the  mixture. 
Considerable  elevation  of  temperature  atteada  the  act  of  rcoxida- 
tioii,  which  mu*X  therefore  be  prevented  from  taking  place  with 
too  much  rapiditv. 

Sffquloxidu  of  iron  eombincs  with  eome  of  the  more  powerful 
bases,  tonards  which  it  actst  the  part  of  a  feeble  acid.  The  com- 
jxiiinds  which  it  forms  by  heating  it  with  potash  and  soda  are  cnittlf 
dceompofiCil  by  water,  but  the  oxide  rclaint  traces  of  these  lose* 
with  groat  obstinacy.  According  to  Pel otusc,  when  4  atoms  of 
lime  and  1  atom  of  peroxide  of  iron  are  precipitated  together  and 
boiled,  they  unite  aud  form  a  white  compound  (4  CnO,  Fc,Oj) 
which  is  readily  dt-comi)Ose<I  by  the  fccbk-^l  acids.  SesMjmoside  of 
iron  occurs  natire  combined  with  oxide  of  uac  in  crystal*,  mixed 
with  oxide  of  mungimesc,  constituting  FranJclimfe.  With  protoxide 
of  iron  it  forms  the  black  or  magnetic  oxide  of  iron. 

(637)  Black  or  Magwtic  Oxide  of  Iron  (FcO,  Fe,OJ  ;  Sp.  Gr. 
5*09. — This  oxide  occurs  as  a  well-known  mineral,  the  loadatone, 
winch  acquires  its  magnetism  frum  the  inductive  iuflucnec  of  the 
cartb.  It  is  found  in  primitive  rocks,  forming  hedai,  or  sometimes- 
OH  in  Sweden,  entire  mountains.  It  furnisher  a  very  pure  and 
excellent  iron,  of  wliicli  a  birgc  quantity  is  annually  suppiieil  from 
the  Swedish  aud  American  mines:  100  parts  of  this  oxide  contnia 
22'4t  of  metal  and  27'59  of  oxygen.  It  has  a  black  colour  and 
laetalUc  iustre;  it  cryslalUiea  m  c\^iicfc>  wXaXiKfo^  w  x\*KQ.Vi\a 
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MagiMitic  oxide  of  iron  i»  the  priDcips]  coiwtitticat 

of  oxide  which  arc  dctacha)   during  tlie  forging  of 

II  fiuca  at   a  high   bnnpcratucv,  and   is  furmcd 

ia  tniraed  in  oxjgeii, — the  sesqtiioxide   which   is  the 

he  action  losing  {xtrt  of  iu  oxygen,  otriog  to  the  intCQ- 

bmi  (lerclo]*cd  dtiiiiig  t}ie  coinhustiou.     The  magDetJo 

Bso  formed  by  pussii>g  »t4:Am  over  bvatcd  iroo  tuniiogs. 

of  Uiia  oxide   (HO,  VeO,  Ve^O^)    may  l>c  jiPO<!ur«l  by 

^Avshly  prcpnrcd  Eolution  of  the  enlpbatc  of  the  protoxide 

I  three  equal  [Mirtiutift :  tvro  of  Oiese  arc  heated  to  tlie  lioil- 

i()  to  the  boiling  liquid  nitric  add  in  gradually  added  bo 

addition  cauw*  the  evoUiLioii  of  binoxide  of  nitrugen : 

Ipoint  19  KAohed,  the  whole  of  the  protoxide  of  iron  wilL^ 

converted  into  peroxide ;   6  (FcO.SOJ  +3  (IIO,SO,)  -»^ 

=3  (hV,Ov3  SO,)  +X0,+4  HO  :   the  remaining  portion 

Itiou  of  tbc  itfotoculpbnle   is  then  pouri-d  into  tlie  hot 

I  carbonate  of  M>da  or  caustic  ammonia  is  added  iu  sJight 

solution  and  prccipilulo  are  txiiled  togrtbt'r,  mid  the 

I'rdltt  oa  a  heavy  cry^talliuo  pointer.     Tlie  majiiivtic 

lublo   without  difficulty  in  bydrocbloric  acid,  a*  well  as 

rid  and  in  aqua  regia ;  this  oxide,  howovcr,  does  not  form 

It*,  hut  mixture*  of  Mdt«  of  the  protoxide  and  peroxide  ; 

JHO,SO,)  becoming  FcO,SO,  +  Fe,Oy  3  SOa+4  HO.      ^ 

itly  precipitated  hydralod  nccquioxide  of  iron,  ohlaiacd 

luioliluride  by  nukmonia,  l>c  well  washed,  and  williunt 

be  boikd  iritb  water  and  iron  turnings  in  largo  excess, 

evolved,  and  magnetic  oxide  of  iron  formed. 

[/rtTM:^(<-iJ(lIO,l''cOg=9+5a).— Ka  mixture  of  1  part 

of  iron  aud  4  parta  of  aitre  he  healed  to  full  redueas 

B,  a  brown  mass  is  ubtaiood,  which  witli  water  givea  a 

i|et.«olourcd  volution,  due  to  the  prcaenee  of  ferrate  of 

Id  thui  comi>ouud  the  iron  is  cotubiocd  with  a  larger 

'  osygi'n  than  iu  the  scsquioxide,  hut  the  forric  acid  has 

lohtaiued  iu  an  imtulatcd  form.     Ferrate  of  potu«]i  may 

lily  procured  by  »ti.^peudiug  1  part  of  recently  prccifu- 

ttd  H«M|uioxidc  of  iron  in  a  oonccutratcd  solution  of 

kting  of  30  piirts  of  hydrate  of  potash  and  jo  of  water, 

Itrouamittiiig  a  current  of  chlorlue  gas :  the  forrnte  of 

taaolulilo  iu  a  eunecntrutcd  Holution  of  polii»b,  and  is 

M   a  blark   jiowder,  which  may  ho  drained  ujiou  a  tilo 

Tk>>  compouitd  is  very  Mduble  iu  water,  but  ia  precipi* 

tlark  floeruJi   by  a  large  excess  of  alkali.      It  is  a  very 

'  It :  iu  dilute  Bolutiono  the  alkali  become*  free,  hyilratcd 
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eesqaioxidcof  iron  subsides,  and  oxvgni  escape*.  Org:iiitc  matter 
dccom|)0»C!(  it  fpoedil}',  ju»t  as  it  dot's  the  permanganate  of  potash: 
a  temperature  of  212"  destroys  it  itutantly  if  in  «)liition,  mid  the 
addition  of  an  odd,  «tcii  in  ([iiantity  iiuiuflioient  to  neutralize  Uie 
whole  of  the  alkftli,  causes  the  immediate  BCparnlion  of  oxyg«o, 
and  pn.-i:ipitiition  of  tlm  »c»quioxide  of  iron. 

Ferrates  of  barjta,  strontia,  and  lime  may  he  ohtained  in  the 
fomi  of  red  iuMilubIc  precipitates,  by  admixtnre  of  solutions  of  the 
salts  of  the  earths  with  a  solution  of  the  ferrate  of  polasli. 

{f>^y)  SiTLriiiuKH  or  Ik<in,— Sulphur  combines  uitli  iron  ia 
several  proportions:  the  prolosulphide  FeS,  and  the  bisulphiik 
FeS,,  arc  the  most  imiiortnut ;  hut  liesido*  these  a  dixuiphiile 
[Ve^S]  has  been  obtniueil  by  healing  sulphate  of  iron  to  redness  ia 
a  current  of  hydrogen  giis  :  n  Kc^quivulphide,  Fc^Sj,  may  alto  bt 
fornn'il  by  precipitatiug  the  penialts  of  iron  hy  the  protosuiphidesirf 
the  alkaline  metals ;  and  two  magnetic  sulpludcM  of  iron  (6  FeS, 
FeSj)  and  (a  FeS,  FeSj)  are  found  uaUve. 

ProtosulpMfIt;  or  i?a/pkurel  of  Iron  (FcS=44),  may  be  pre- 
pared hy  heating  :t  bar  of  iron  to  wbitcuesM  and  hniig^ing  it  into 
contact  with  a  roll  of  sulphur :  immediate  union  takes  place,  and  I 
the  M-Milting  Hulphide  nurlt)'  and  runs  iloivu  in  dropft  of  a  rcddidi* 
brown  colour  :  when  formed  in  this  uiauuer  it  usually  ooutdna  sn 
c\cvf*  of  sulphur.  Tt  may  aim  Iw  preiuircd  by  projecting  iu  sue* 
eeseivc  portions,  into  a  red-hot  earthen  eniciblc,  a  mixture  of  7 
parts  of  iron  filings,  with  4  parts  of  itulphiu-  in  fine  powder;  vivid 
deflagration  occurs  at  the  moment  of  eonibi nation.  Frotosniphidc 
of  iron  dissolves  both  iron  and  xidphur  if  cither  txr  present  in 
cxoeiM ;  its  compoctilioii,  therefore,  is  variable.  Like  carlioii,  the 
presence  even  of  a  minute  portion  of  sulphur  alters  the  quality  of 
wrought  iron,  which  if  it  contain  even  1^, '„-„  of  sulphur  i*  ren- 
dered '  red  short.'  Anhydrous  protoeutpbidc  of  iron  is  dissohcd 
hy  diluted  sulphuric  or  hydrochloric  acid  with  evolution  of  $vi- 
phurettcd  hydrogen :  this  decomposition  is  frequently  emploved 
in  ihe  laboratory  as  a  convenient  source  of  sulphuretted  hydrogeu. 
Nitric  acid  and  aqua  regia  decompose  it  and  form  pemitrate  or 
perehloriile  of  iron,  netting  pwrt  of  the  sulphur  free,  and  convert- 
ing the  rceiduc  into  sulphurie  aeid.  When  heated  in  the  open  air, 
this  sulphide  ahxorbit  oxygen  nud  becomes  converted  into  sntphate 
of  irou  ;  at  a  still  higher  temperature  it  ia  decomposed,  anipbunius 
and  Milphitric  luiids  escape,  and  sesquiosidc  of  iron  remains. 

Protosnlphide  of  iron  may  he  obtained  as  a  black  hydrate,  by 

Tipitatitig  a  solution  ufaiyrobQiwUt  of  iron  with  one  of  a  protosol- 

de  of  oiie  of  the  alkaiinc  mcva\a  ■,  vVoft  VVVi  >:& -^  Y  ^VJ  ^Q  ,=\S.<1 , 


^nnrosoLriii i)E  axd  uisoLritinB  of  iron. 
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^SOj, ;  ill  this  oouHitioii  it  rapidlv  aUi-nct*  osyj^cn  from 

til  AMtinics   a  l)ron-uieli-rixl  colour,  ».-squiuxiclc  of  iron 

lunaiHl  aiii]  Hulphur  liberated.     "When  irnn  hi  present  iti  rciy 

<  in  a  HolutioD,  and  is  |)n-ci]>iUitc(l  bv  a  solution  of 

■[i:  ammoiiia,   tbe  jery    liiii'ly   dividtrd   jtnriiciri  of 

of  iron  are  apt  to  pass  tliroagb  the  filter ;  the  liquid  then 

IP^iiliiir  •^Twsu  tiiit, 

irou  I'lling*  be  mixed  with  two  thirds  of  their  veight  of  »uK 

powder,  and  moistened,  t)ic  mixture;  liccumvit   hot  when 

lo  the  air,  and  absorbs  osygcn  with  siiflicicnt  rapidity  to 

It    in    many  cau:H   tu   innnnie  ;  iinlpbtdi;  of  iron  is  at  fir«t 

I,  which  qiiiclcly  buoomes  converted  into  sulphate.     A  valu- 

for  thf  joiiitH  of  inm  Te««;l»  is  compo«nl  of  a  mixtnri!  of 

of  iron  liliiig;  sil\cd  fine,  and  2  of  sal  ammoniac  tu  fine 

tD^uintvly  hh;nilM)  witli  I  part  of  tluwCTK  of  lulphur.    This 

Ui  miulc  into  a  p3st«  with  water,  and  appliM  immctliaifly ; 

miiiiilt-n  it  bi«umcs  hot,  Bnul!*,  di»eiigngitH  nnimonia  and 

ttCfl  hydrogen,  and  soon  Hcts  as  lianl  as  iron  itself. 

s)   Bumlphide   i^f  Iron    (F<:S,  =  6o);  Up.   Gr.   4-98.— Thia 

is  found  abundantly  in  the  native  state,  constituting  the 

fiiet  of  mincralojpHts.       It  occurs  in  the  strata  of  crcry 

|!  when  found  in  the  older  formations  it  is  crystallized  in 

^■nd  iKJini-timcs  in  dodccabedra,  of  a  bra«tiy  lustre,  and  is 

%h  lo  Btrilce  Brv.  with  atccl ;   but  in  the  tertiary  :itrnta  it 

|neutly  occurs  iu  6brons  radiated  nodules.     The  forma* 

f.  jroii  pyrites  may  oecaiiioivally  W  traced  to  the  slow  de- 

of  sulphutes  by  organic  matter  in   waters  containing 

or  other  salts  of  iron  in  solution  ;  it  is  then  fre<|uenlly 

ill  cubes  W  octohcdra.      This  appears  to  be  the  usual 

it*  formation   iu  nllnvial   soil.*.     Some  varieties  of  iron 

ally  those  found  in  the  tertiary  stmta,  arc  speedily 

by  fxp<aure  lo  iiir ;  oxygen  i«  atx-iorbed,  and  sulphate 

liide  of  iron  formed.     This   decomposition   occurs   with 

3ty  if  the  bisulphide  be  mixed  with  other  substances, 

t  oKse  in   the  aluminous  schists ;  in  which  by  the  further 

air,  a  Hu1»ulphalo  of  the  seMpiioxide  of  iron  is  formed, 

:  liberatod  sulphuric  acid  reacts  upon  the  alumina,  mag- 

of  the  soil,  and  forms  snlphates ;  tliuae  of  alumina 

km   may   I>e  extracted    by  lii^iviation.     Tlic  ordigar 

pyrites  from  the  older  strat*  is  not  thus  decomposed/ 

Sy  of  n  whiter  oobur  is  rapidly  disintegrated  by  exposnre 

bcr  ;  t'liis  form  of  pyrites  is  known  aa  leAt/c  iron  pyrlttM ; 

iu  right  rliomboidal  pri^nUj  but  it  possesses  tlie  ««ma 
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oheniical  composition  w  titc  velloir  onbes.     PoRi  boolpb 
oontainit  jj'j}  per  cent,  of  Hulpbor,  ani]  46*47  ofixurtal 

IrcHt  pyrites  is  iiot  nctrd  uihki  by  mid  fiul)ihurio  or 
cbloric  *ci(l,  l>tit  it  is  rapi^lly  oxidized  and  diMolrnl  by 
^d  by  aqua  rcgia:  boiling  oil  of  vitnol  di«Mih'e»  it 
uitli  evolution  of  aiil[)hurnu9  scid.  When  heated  in  cloi 
it  fusts,  and  sulphur  i»  ciiwlln).  If  liratrd  in  tho  til 
with  llamc,  peroxide  of  iron  is  formed,  ivKikt  sulpb 
eecnpcft  in  large  quantity.  Tfavi  circuin«txnco  Itaa  bcon 
account  in  the  manufncturo  of  oil  of  ritriol,  for  whk 
cnormoiia  quantities  of  mtindic,  as  the  biituljiUidc  is  tera 
irorkmftn,  are  anniiully  consumed.  Iron  pyrites  may  b 
artificially  by  exposing  a  mixture  of  powder^  |in>tot 
iron  with  half  ittt  weight  of  llowrn  of  ftulplinr,  in  a  cuvcrl 
to  »  beat  below  redness,  aa  long  as  sulpburous  fninea 

(641)  Maffnttic  Snlphidf  of  Iron  {)S  FeS.l'eSj) ;  Sf. 
— This  compound  exhibits  a  brasqr  lustre,  but  i«  diitingi 
ordinan-  pyrites  )>r  its  nolubilitT  io  bvdnichloric  nntd. 
formcsd  when  Rulphar  and  iron  arc  hoatc-ii  togotber  ia 
tli«  protOKulphido  for  use  in  the  InlKtratory.  Anotfai 
magnetic  pyrites  conusta  of,  2  FcS,FeS„ 

M'upiritt!,  or  arsenical  pyrites,  n  an  anontouilpfa 
(PcS,.Fc.\s)  which,  among!it  other  loonlilicB,  occuib  i^ 
the  Ilartx,  in  Saxony,  and  in  some  of  the  Comtab  i^^H 
tallixcs  ill  right  rbombio  prism*,  of  a  stt^l-g rey  coloii^m 
Iwtre.  When  heated  in  closed  vessels  it  is  partially 
sod  eulpbido  of  arsenic  nublimes.  If  cxpo»cd  to  ■  big 
turc  in  thcoiien  air,  it  produces  sesquioxidcuf  imu,  wbil 
and  sulphurous  aeida  escape.  AtialogouK  com|M>uitd>  of 
niokcl  ocrur  niitoitg^t  the  ores  of  these  nieials. 

A  remarkable  clasa  of  comjMuiida,  laruicd  by  Rn 
discorcr«d  thum,  mtroatiijMiUt  t^  'row,  may  l>c  obtunal 
action  of  nitrite  of  potasJi  and  hydrosnlphatc  of  . 

salts  of  iron,     TIio  muition   is  complicKtedf  bi>'-   

will  be  Iwtter  examined  lieroafter  (1353  o)* 

Siibpho»]>hiile  of  fnm  (Ft-^P)  may  be  olitaiiwd  by  t 
jihospLatc  nf  the  mcUl  ivith  charcoal  :  it  fuses  at  a  n 
foroiR  an  extremely  bard,  brittle  moas,  whieb  ditaolvca 
phurus  auil  iron  in  all  lun^rtion*. 

[A43)  Cuj^oHinxN   or   Iiuis. — Iron   tvmat-  with   f\ 
compouuda,  a  p«rtoch)orido,  FeCi,  aiul   n 
which  oorros[)ou(l  in  eotupoiition  to  tbc  saluiaUt. 
iDutal. 
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Proloehlcride  of  fr/m  (FtC\  =  6ys)  fyj.  Gr.  anht/drftvs,  a*5a8; 
enftt.  i"ya6. — By  passing  ilrr  hydrochloric  acid  gas  over  iguJtod 
tDCtallic  iron,  the  acid  is  dccomposal,  hydrogen  ga»  c«wape«,  chlo- 
nnc  combines  with  the  iron,  tiiid  a  white  anhydrous  protochloride 
of  the  metal  niililime»  at  n  tenijicrntnn!  at  irhich  glust  hc-gin«  to 
•often.  Its  eolation  may  be  formed  by  dissolving  iron  in  hydro- 
thloric  acid  ;  the  hot,  siatitrutcil  liquid  d«po«itv  the  suit,  on  cooling, 
ill  green  crystals,  which  contain  4  Aq.  It  is  veay  soluble  in  water, 
ud  is  taken  up  in  considerable  quantity  by  alcohoL  If  bcjitcd 
in  the  open  air,  cbloriuc  escapes  and  peroxitie  of  iron  remains. 

Protochloride  of  iron  unites  with  chloride  of  ammonium  and 
{briDs  8  double  salt,  fi-om  which  the  iron  may  be  deposited  upon 
TariouH  metallic  articlci^,  by  boiling  them  in  this  solution  with 
•oraps  of  zinc;  the  zinc  displaces  the  iron,  which  iu  deposited  in 
a  coherent  lamina  upon  the  other  metals  in  consequence  of  a 
voltaic  action. 

Sesquichhride  or  Perchloride  of  Iron  (Fe^ClgS  162-5)  ;  Sp.  Or. 
of  Vapour,  H'jy- — This  compound  sublimes  in  anhydroua  brown 
scales  when  dry  chlorine  gas  is  transmitted  over  iron  heated  to  red- 
ncsa.  The  nnhydrons  chloride  is  very  deliquescent,  and  hisaeM 
when  thrown  into  water,  forming  a  red  solution.  It  is  also  soluble 
both  in  alcohol  and  ether.  In  a  hydrnted  condition  it  may  be 
procured  by  eTaporaling  a  solution  of  the  protochloride  through 
whicli  chlorine  has  been  passed  to  saturation,  or  by  dissolving 
hydrsted  peroxide  of  iron  in  hydrochloric  acid  :  the  solution,  by 
concent  ration,  yields  large,  rod,  deliqutviccnt  crystals  {Fr)Cl,+ 6  Aq), 
but  the  mit  cannot  be  rendered  anhydrous  by  evaporation,  as  it  is 
decomposed  into  hydrochloric  acid  and  peroxide  of  iron.  It 
also  cryHtnllixc!*  in  Mellnte,  oran^o-coloured  groups,  with  13  Aq, 
which  are  less  deliquescent  than  the  other  hydrate.  Perchloride 
of  iron  funu*  a  double  salt  with  chloride  of  ammonium,  which 
crystallizes  readily  in  cnbe?i,  and  is  known  in  pharmacy  as  the 
ammtmio-chloride  of  iron.  The  cumjiosition  of  this  salt  varies  con- 
nderably  :  it  ia  of  a  ruby-red  colour,  and  seldom  contains  more 
than  2  per  cent,  of  iron.  Double  salts  of  iterehloride  of  iron  with 
ebloride  of  sodium  and  chloride  of  potassium  may  also  be  formed. 

A  hydratcd  oxyehhride  of  iron  is  farmcil  when  a  nolution  of 
the  protochloride  of  the  metal  ia  exposed  to  the  air,  or  wlicn  the 
perchloride  is  precipitated  by  a  small  quantity  of  caustic  alkali. 
It  is  in»olablv  in  water  containing  salts,  but  is  partially  soluble  in 
pure  water. 

{64a  «)  Tlw  BBOAUKM  of  iTOQ  cortcaponA  in  cora't'sw.'ttwo.  •«> 
tbe  cblcrities. 
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IODIDE  AND  noTosuLrnAT*  or  tiox. 


Protiodlde  of  fron  (FeT=i55)  Is  fonncd  br 
wire  or  lilia^,  in  a  closed  vcurl,  with  fuur  titoe*  tbcir 
iodine  »UKii4.-ii(Ir<(I  in  wntcr ;  direct  oombination  bct«ccQ  tli 
tako  place,  the  iodide  lE  dissolved  nml  fonns  a  lude  groci 
which,  by  erojtorntion  ««  vncvo,  yields  crystalB  cootaii 
By  a  continued  heat  they  may  be  rendered  anhydrouv, 
state  arc  fusible.  By  exposure  to  air,  the  aululton  abaat 
and  is  deoompoecd;  iodine  ia  act  ttce,  uud  a  Iiydrmtcd 
of  iron  falln.  This  change  i>  retarded  by  miung 
vith  stroBg  eyrop;  aud  aa  the  componod  ti  cm 
dicine,  thi»  method  iit  frequently  adopted  to  pnMCrra 
in  its  corapoeition.  Xo  definite  tcf^ui'iodide  of  inm 
Usable. 

(643)  FROToacLPnATP.  OP  TaoK,  Copperat,  or 
(FeO,SO,  +  7  Aq=y6  +  6i:  5/*.  (?r.  fluAydhnM,  3- 1 38, 
— ^Thia  salt  ia  prejiiaretl  iii  a  state  of  purity  by  di 
part  of  pure  iron,  or  14^  of  its  proto«iilphi4le,  by  the  aid 
1  i  part«  of  oil  of  vitriol  di1iit(>d  with  4  of  vater.  On  6 
■olutiun  quickly,  it  dc|)0!<its  beautiful^  trtmapareiit,  lili 
I  Thomboidal  eri-atab  on  cooling,  with  7  A().  They  dlU 
dry  air,  and  form  a  while  crust,  which  soon  bcoofud 
bro<rn  colour,  owing  to  the  abnorjilioii  of  oxygen  aod 
a  Hiib^iilphatc  of  the  scsquioxide.  If  crystalltxed  at  a 
of  176"  the  protoHidphatu  fornix  right  rhombic  priatni^ 
taiii  only  4  Aq.  It  may  also  be  obtaiucil  cryatoUued 
with  a  equiraleiits  of  water.  For  ciynmercial  pu 
of  iron  is  formed  by  the  doconiposition  of  iron  pyrites, 
nous  »cbiata  oontainiitg  pyrilea,  ns  already  dotcribvd  nh 
of  the  manufacture  of  alum.  The  sulphate  of  iron  lb 
has  a  grass-green  colour,  owini;  to  the  iirrjtetice  of  per 
iron.  Sulphate  of  iron  is  laiig«ly  u^d  in  eoRibiuatioa 
^geut  regetable  matten  its  a  black  dye;  ordioary  wtiti 
compound  of  this  kind. 

This  salt  w  inwilublc  in  alcohol,  and  m|nirc&  twice 
of  cold  water  for  ita  solution.  It*  aolubiLity  i«  frtai 
than  at  212°,  100  parts  of  water  df-  ■-'■  >  _-  •—  ■ 
fcitfl  at  194"  and  only  333  nt  the  I. 
]ii-ohably  dcjiendent  upon  causes  similar  to  ttiOM:  iibwr 
case  of  the  nulpliate  and  the  turliooatcof  sii''- 
ftir,  the  Hulution  alwDrbs  oxjgcn,  and  a  r^i 
which  ij^ubaHic  itorMilpbatccomixwduf  2  I 
priNiilphate  of  iron   remains    in   ndulii'-  n 

ttifijlity  for  oxygen,  iirolosulphatc  of  ir' 
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'  i»  tinu  cmptuycd  to  precipitate  gold  a»i1  palU* 
lie  form  from  iht-ir  m)Iiiuoii»,  und  imligo  iit  t>yits 
bruu;;ltt  into  tlic  »oliihIc  coDtlitioa.  ir  bcntcd  grailuallf, 
lOi  of  itic  cn-ftallijui^  protOHiilptmlc  lones  6  atoma  of  water 
s  a  whiti;  puniliT;  i  atom  of  natcr  btiiig  retunctl  ftt  all 
below  300^.  At  a  red  hrat  tkc  sulplintc  »  dvcom- 
a  portion  of  the  lu^td  jidds  one  tliird  of  ita  oxj^n  to  tlie 
i<le  t)f  irciii,  nliidi  i*  converted  iiitu  tliu  »>cpiiuxi(lc,  whilst 
us  acid  escapes;  the  remaioder  of  acid  distib  in  tiia 
Hit.  form,  2(fVO,SO,)  =  Fc,0^4-SO,  +  SO,;  but  as  in  prac- 
salt  cannot  bo  rendered  anhjdroits  in  large  <)uantities,  a 
Wr  (listibi  witti  tlte  stilplmricacid,  nliich  is  condensed  as  n 
fuming  liquid,  tlie  '  Nordliauseu  Siilplmric  Acid'  (346]. 
idual  EoquiuKidc  of  iron  ts  sold  under  the  name  of  colco- 

aqueous  solution  of  pnitosulpbate  of  iron,  in  common  with 
'  ilU  the  protoaalta  of  this  nicta],  abnorbs  a  large  quantity  of 
of  nitrogen  ;  forming  a  <Iccp  brown  solution,  wliich  Ima  a  1 
afQuitj  for  oxygen:  if  thU  solution  be  hcate<)  in  dooed 
I  tlie  gas  is  fur  the  moet  {)art  expelled  nnehangcd ;  if  licatcd 
tlic  acid  i»  formed  in  the  liquid,  and  this  convert*  tlie  iron 
t  of  the  peroxide. 
the  Hulphalcs  of  pota»h  and  ammonia,  green  vitriol 
3ulile  salts  precisely  analogous  iu  form  and  oom[ioaition  to 
hicb  arc  foraicil  by  tlivoe  Hulplutte^  nitU  sulphate  of  cop^ier. 
dIa  of  tiio  iwlash  salt  is  FcO,SO,+  KO,S0g  +  6  Aq. 
Iphnle  or  firttiui.iu{phate.  of  TroH  (Fe,0,,3  SOj=aoo)  is 
iber  by  trrating  brown  luDinalite  with  an  excess  of  strong 
acid,  allowing  it  to  digest  for  tome  time  and  then  expcl> 
:  oxciTS  of  acid  at  a  heat  short  of  rediie-* ;  or  by  adding  to 
II  of  1  CKiuivalciit  of  proto«t;Iphalc  of  iron,  \  au  cxpiiva- 
00  of  ritriol,  boiling,  and  jicroxidizing  tlie  iron  by  adding 
ilution  nitric  aeid  in  small  quantities  as  long  as  any  rn) 
given  off.  A  ycllowialuwbite  dcliqaescent  mau  is  ob> 
Inn  evaporation,  from  which  the  acid  ia  cx|>ellcd  by  a  rod 
a  more  moderate  beat  the  salt  is  rendctinl  anhydrous: 
Ires  it  but  slowly.  It  is  found  native  in  large  quanti- 
ili  in  the  form  of  a  white  powder  (^6^0,,  3  S0,  +  9  Aq), 
hjilrat^d  Mubsulpliates  of  the  peroxide  of  iron  may  bo 
L 

h  aulphate  of  potash  and  the  sulphates  of  the  other  alkalies 
f  I  fonn^  double  s:iItH,  rcwinhling  common  alum,  in 

1  L       ,      :iou  aa  well  as  in  taste.     The  potaah  salt  (KO. 
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PROTONITUTE  AMD  rBMOCARBOHATK  Of  lUlii' 


SO,+FePs3SO,  +  24Aq;   tp.gr.    1718)    b  utriBcnd 

wKililc  ill  water,  t>ut  tuiwlublt  in  nlcoltol :  it  is  Terjr  PR)m4 

taneouB  decompontioii,  and  booomcs  cunverlcd   froni  •  ttm 

Into  a  brown,  guiumjr,  dcliquewvnt  moss :  Uiia  cliftuge  ia  ill 

duccd  hy  lieatiiig  llic  salt  to  a  tcmpcratun?  botov  su**.     Ill 

tioD  of  tbc  two  sulphKti.1  slwutd  therefore  lie  allowol  to  ed 

«])oiitaiieoualy  during  itA  preparation.     The  doublu  mJi  n 

mouia  in  much  more  pcmiancnl,  and  crj stuUUo  roulilr  tu  l4 

octoliedra.  I 

{643«)PKoroxiTiiAT«or  Irox  {PcO,NO,  +  6  Aq*=90-I 

Tliia  Bait  maybe  obtained  by  dissolnng  protoeulpliidc  of  itoai 

nitric  acid  diluted  with  4  or  j  times  its  bulk  of  water.  SoIm 

bf dmgen  is  evolved  in  nbundanco,  and  on  cTaporatiog  tbe  I 

in  vacuo  over  oil  of  vitriol ,  it  crjstalliies  in  pale-gnien  rbontM 

when  lieatcd  evolve  binoxide  of  nitrogen  and  vicld  a  band 

of  the   scsquioxidc  6  (FcOpNO,)  =  N0,  +  3  Fc,O„5N0J 

change  sometimeii  occars  in  warm  weather  spotitaaeovaM 

basic  i»U  is  Oicu  freely  soluble  in  water,  and  u  not  dccq 

by  ebullition.     Protonitratc  of  iron  may  »Ik  be  procana 

oompoeiog  a  solution  of  the  pnrtosulpbato  of  iron  by  ani 

lent  quantity  of  nitrnto  of  bar^'ta.     It  cannot  be  obtained  a 

form  by  diseolriiig  iron  in  dilutcfl  nitric  acid ;  ainoc  in  d 

the  metal  ia  diiLiolvod  witliont  erolatioi)  of  gaa,  Mid  unl 

fonncd  in  the  liquid : —  A 

JO  [  If 0,N0,)  +  8  Fc= 8  {PeO,XOJ  +  It.NO.NO, +6  j 

Prrnitrate  0/  Irm  (Fe.Oj.jNO,).— \Tbca  nittie  1 
sp.  gA  I '3  or  1 '3  is  digcatcd  upon  mclaltic  iron,  a  rioka 
occurs  atutided  with  the  extrication  of  uitniu*  aciil  aixl  I 
oxide  of  nitrogen ;  the  iron  is  at  the  san>o  time  rontcncdl 
oxide,  which  combines  witli  the  oeid,  atui  i*  obtained  witbj 
on  evaporation  in  pntmatic  hydratcd  crystals.  Ad  inaolij 
Ditrnto  \»  commonly  formed  at  the  same  time.  I 

(644)  Pkotocakbonati  or  laov  (FeO,PO,=5in  1 
native  in  immcuite  qiumtitic*,  forming  a  rnlu.-.  1 

it«  lc«s  usual  condition,  when  ciretalliied,  it  tvi;.  — ;  -  ;-J 
ore,  and  oceun  in  ycllowivh  kMilienlar  o^ttala,  the  yritm 
of  which  is  a  rhomliohedroii,  itoraiiqibous  witli  < 

It  contains,  wbcii  pure,  48-27  per  cent,  of  nf"'-  -^J 
of  oside  of  iron  and  %T<)2  of  carbonic  acid.  il^| 

very  nflni  c.Hitains  carbonate  of  m  -^^ 

tium  which  the  trn-ati-r  iiarl  of  the  i  i^l 

^>  *  .N  w\  7  A^i  ai  b  toci  ^H 
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ilready  mentioned,  an  impure  carbonate  of  iroo.  Clay  iroa-slone, 
bescidcs  the  more  usual  form  of  bands  or  seams  accompanying  the 
coal  strata,  occurs  alw  in  dctftdicd  iiudulc-K  or  Iunip«,  Romotimew  of 
Tcry  large  siie,  imbedded  ia  the  clay  of  the  same  formations. 
When  carhoiujite  of  iron  is  ht-atcd  strongly  in  vcswIk  from  wliich 
air  i«  excluded,  carbonic  acid  and  carbonic  oxide  are  expelled  and 
magnetic  oxide  of  iron  is  left,  the  dccompoution  being  ns  follows : 

3  (TcO,COj)  =  Fe,0,  +  jCK),+CO.  Carbonate  of  iron  is  the  salt 
conUiinetl  in  most  ferruginous  springs,  in  which  it  is  held  in  solic 
tion  by  free  carbonie  acid  :  it  it  rurely  prencnt  in  a  larger  quantity 
tbait  ]  grMii  per  pint.  Merc  exposure  to  air  canses  its  separation ; 
the  acid  escapea,  oxygen  ix  nhnorbcd,  and  iiydnited  peroxide  of  iron, 
mixed  with  n  Emsit  quantity  of  orgauie  matter,  subsides,  forming 
tba  ochrjr  departs  »o  usual  nround  chnlylK^ate  springs.  The 
protocarbouatc  of  iron  may  be  produced  arlilicialty  by  mixing  a 
protosalt  of  iron  with  n  carbonate  of  one  of  the  alkalies,  when  it 
UUx  »t  a  pale  green  vohiminous  hydrate  which  is  speedily  altered 
by  expomure  to  air;  it  absorbs  oxygen,  rapidly  losing  it*  carbonic 
•cid,  and  is  converted  into  the  red  bydruted  scsquioxide ;  during 
the  pfoceiw  of  drj'ing  it  Is  therefore  almost  completely  decom- 
posed, Xo  carbonate  of  the  sesqiiioxide  of  iron  appears  to  exist, 
but  the  hicarliouatc  of  potash  as  well  as  that  of  soda  dissolves  the 
hydratod  peroxide  of  iron ;  the  red  Koltition  thus  formed  is  very 
slowly  dcconipo«cd  by  prolonged  ebullition. 

(644  a)  <>s.u.ATBs  or  Ino\. — Protoxahte  of  Iron  (a  FeOjC^Oj 
+3  A<i)  is  occasionally  formed  in  the  browu-coal  strata,  in  yellow 
fibrous  or  granular  musHei*,  known  ii*  llumboUllite  or  iron-resin. 
It  may  be  prepared  arlificiaily  by  precipitating  the  solution  of 
protoaulpliate  of  irou  by  oxalate  of  ammonia ;  or  by  exposing  a 
solution  of  pcroxalatc  of  iron  in  oxalic  acid  to  the  sun.  Carbonic 
acid   ia   then   evolved,   and  the  yellow   protoxalute   of  iron   with 

4  Aq  is  thrown  down  as  a  yellow  cryotalliiie  and  nearly  iusolublo 
powder. 

The  PeroxaJate  of  Iron  n  iJso  a  lemon-yellow  powder,  nearly 
iasoluble  in  water,  but  soluble  in  excess  of  oxalic  acid.  It  may 
be  obtained  by  mixing  a  slight  cxoesa  of  a  pcrsalt  of  iron  with  one 
ol  a  soluble  oxalate. 

The  pcruxalato  of  iron  forms  scvenil  double  waits  of  the  formula 
(3  MO,PojOj  3  C,<)(),  analogouM  to  the  blue  double  oxalates  of 
chromium  (6^9  &]•  Potash,  soda,  nmnioniu,  bnryta,  stroiitia,  and 
lime  aalta  have  been  obtained  by  digesting  the  acid  oxalates  of 
these  bases  upon  h^-drated  oxide  of  iron.  These  AovA^^i  oi.uialu» 
am  «//  Svetf  solahle.     It  is  owing  to  ibe  (onnsXiott  ot  XW  w>\ii!^^ 
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potaxh  »a\t,  that  bmoxalntc  of  pota«h  (siilt  of  Jtorrcl),  is  tueful  fur 
removing  staina  of  ink  and  oxide  of  iron  from  linen. 

(645)  PuospuATEs  OF  Iron. — TriprUopho^phalr  of  Iron  {HO, 
2  FeO,FOJ,  fall!!  as  a  white  powder  on  adding  tri{iho«)ihaU;  of  soda 
to  B  prutosalt  of  iron ;  by  cxpoi^urc  to  air  tt  atKorbs  oxygea,  and 
hecoinea  hXuf..  A  hydraled  bluo  pliosplialc  of  iron  is  found  native; 
it  is  kauwu  ««  fioianite.  It  Is  probably  a  mixture  of  phospliatcs 
of  the  protoiide  and  peroxide  of  iron  [HO,  2  Fc<),PO,  +  a  (Fe^Oj, 
POJ],  and  contains  in  addition  about  30  per  cent,  of  water. 

A  setijuipfiofp/iate  (Ft.-^Oj,l*0|;  +  4  Aq),  is  obtained  as  a  white 
powder  by  dcGom|>o«iDg  aesquicldoride  of  iron  by  an  alkaline  tri- 
pbo^pbatf^.  Exiwxure  of  this  salt  to  air  produces  no  change-  It 
is  iusohible  in  acetic  acid,  but  soluble  in  pcracctate  of  iron :  pho*- 
phoric  acid  is  sometimes  precipitated  in  this  form  in  the  counfc  of 
analysis.  Its  composition  is  said  to  vary  according  as  the  pfaos> 
phate  of  Hoda  or  the  salt  of  iron  ix  in  exceim. 

Se^'eral  native  aUicatta  of  irmt  are  known,  but  they  are  not  im* 
portant.  The '  finery  slag*  obtained  in  the  conversion  of  cost  into 
wrought  iron  convixU  chiefly  of  basic  silicate  of  protoxide  of  iron 
(j  FcO.SiO,).  Oxide  of  iron  rapidly  attacks  clay  crucibles  if  fused 
in  til  em. 

(646)  Cbaracters  op  thb  Salts  op  Ibon. — Iron  forma  two 
olassea  of  italtR,  both  of  which  arc  readily  distiugui»lied  from  «icli 
other  and  from  those  of  other  metals.  The  salts  of  iron  arc  not 
poisoi)Oii«,  uii1cn:«  Admini«tc-rcd  in  excessive  quuntitics;  they  form 
valuable  tonics  and  astringents  when  taken  internally.  The  sola- 
tion»  I)otli  of  the  pmtosalts  and  of  the  pcrsalts  lime  an  inky, 
astringent  taste. 

I .  Sails  of  the  Prolaridr. — ^Thcsc  salts,  when  in  »>liition,  or  wbea 
crystallized,  have  a  pale.greeu  colour  ;  llti-y  n-ilden  litmus,  hut  very 
feebly.  Witli  the  alkalies  a  grey  or  green  precipitate  of  hydratcd 
protoxide  i»  formed  in  their  wolntionN  ;  it  passuai  quickly  through 
various  shades  of  grceu  into  brovm  by  exposure  to  the  air ;  this 
change  of  colour  U  due  to  the  nbsurptiou  of  oxygen,  in  consequence 
of  which  the  sesquioxidc  is  eventually  produced.  If  the  precipi- 
tate be  produced  by  ammonia,  an  cxce*»of  this  reagent  re<li»solve« 
a  part  of  the  precipitate ;  and  if  the  solution  contains  chloride  of 
ammonium,  the  whole  of  the  oxide  will  be  i-vdistolvcd  :  this  solu* 
tion  abi4orl)d  oxygen  rapidly  from  the  air,  and  a  61m  of  scequioxida 
of  the  metal  is  formed  upon  the  eurfuee.  The  protosalts  of  iron 
are  uol  precipitated  in  t>liglitly  acid  solutions  by  sulphuretted 
A^droffm  ;  but  they  give  s.  bVacte.  \>'cec\ii\U.\«  o^  V-jix^K^,  vs^^^wAfit 
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^B  folution  of  fiyttromip/iate  nf  ammonia.  Ferrocyanide  of 
wMgiie»  a  [Hilc  bliic  precipitate,  wliich,  ou  cxpOHorc  to  tLc 
epens  in  tint;,  owing  to  the  uli»<^riition  of  oxygcu.  Red 
U  of  fxiftuh,  wbcQ  addcti  to  a  acutml  or  acid  solution  gircs 
il-blui>  iwecipitntc,  which  is  one  of  Hie  varictie*  of  PrusMan 
If  a  soluttoii  of  a  protosalt  of  iron  be  boiled  with  mirie 
ie  Rit-tal  iH  c-otnpleu;l,v  converted  into  a  xalt  of  the  peroxide : 
be  thing  is  cSbcted  by  the  action  of  cblorioo  or  of  bromine, 
imiltrig  an  ncidulatwl  solution  of  the  talt  with  a  unuJl 
ij  of  chlorate  of  potaah. 

SttitM  of  the  Peroxide. — In  solution  they  have  a  yellow  or 
■•brown  colour,  ffydrotulpfivric  acid  rcdiieca  ihcm  to  the 
tf  protOMilla,  whiUt  a  irhitc  deposit  of  sulphur  oceurs ;  for 
^  with  the  persulphate  tlie following  reaction  takes  place: — 
JO,  +  HS=  2  (FcO.SOj)  +  IIO.SO,  +  S.  With  hydrotnt. 
tmottia  a  black  liydraUril  A«sijiii sulphide  of  iron  ut  precipi- 
iic  aikaliet  give  a  reddisb'brown  voliimiuous  precipilato 
nHccI  [ien»idi>,  iiisuluhle  in  excesa  of  alkali.  Sulji/ioct/aniik 
wtiuM  in  neutral  or  acid  solutions  gives  an  iatcnsc  bluod-rcd 
D ;  yvlkm  pnaaiaU  of  potaah,  a  bright  blue  precipitate  of 
ly  Pmssiau  blue.  Red  pnutiate  of  potash  occasions  no 
lite  in  solutions  of  the  persnlta  of  iron,  but  the  liquid 
!■  B  greooish  hu« ;  the  persalts  may  thus  be  distinguished 
^■protonlts  of  the  metal.  Tincture  of  gaila,  \n  neutral 
JK  jrields  a  blinsh>hhick  iuky  precipitate;  this  test  is  rcu- 
much  more  delicate  in  ita  indications  by  the  addition  of 
'  '  <^  a  little  bicarbonate  of  lime  in  solution  :  it  is  the 
vEter  of  ordinary  n  riting  ink.  In  neutral  soluliouA  the 
gtfff  aiid  the  $vcei»alet  of  the  alkalies  give  voluminous  inso- 
precipitau-4:  hensonte  or  succinate  of  ammonia  or  potii-th  is 
Inea  employed  to  separate  iron  from  nickel  and  cobalt,  as  the 
Ilea  anil  the  suecitiaics  of  Uie^^  metals  arc  soluble.  If  a 
in  of  a  i>eraa]t  of  iron  to  which  an  alkali  has  bcco  added  till 
to  oix-asiou  a  iwrmanent  (trecipitale  he  raistcil  to  the 
it,  it  is  oomidctely  decomposed,  and  an  insoluble 
iron  is  precipitated  :  thiK  pniixtrty  is  oftcu  turned  to 
tlie  aeparation  of  iron  from  cobalt,  nickel,  and  matiga- 
nre  not  precipitated  under  similar  eircumstaQOca. 
cnalt  of  iron  in  solution  is  digc&tcd  with  a  bar  of  zino 
priiviited  with  a  tulic  for  t hi!  escape  of  the  gas,  the  nine 
Diidixcd,  liydixtgcu  is  erolred,  aud  the  wholcof  tbciron  is 
[icroxidc,  whiUt  a  salt  of  zinc  ix  fornied  in  the  litjuid. 
Uawjiijie  both  classes  of  the  salts  of  iron  not  alike  : 
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viUi  borax  in  the  reducing  flame  they  give  »  green  glMH,  vliicli  lie- 
coDics  colourless,  or  jcllowUh  (if  the  irou  be  in  large  qnuititj} 
vrbeu  hold  in  the  o^cidating  tlame. 

(647)  Egtimatiim  qf  Iron. — 111  estimating  the  quantity  of  iron 
for  the  {iur{)un<'ii  of  uiialyitiH,  it  should  always  l>e  first  conrtn-tcd  into 
a  pcrsalt,  by  boilingf  with  nitric  acid  or  otherwise,  after  which  it 
may  bo  precipitated  by  cxcew  of  ammotiia,  and  thuu  wi-Il  washed  and 
iguited  :  pare  scequlosidc  of  irou  rcmnina,  consistiug  in  100  )utu 
of  70  of  iron  and  10  of  oxygen.  Iron  in  ihiis  ruidily  ecpamtcd 
from  the  alkalies  and  alkaline  cartlia.  If  ningiicsia  be  preaent,  it  ia 
apt  to  l>e  ])iirtially  precipitated  with  the  oxide  of  iron,  unless  the 
solution  contain  a  connderablo  quantity  of  chloride  of  ammoniinii. 
Id  the  presence  of  tartiiric  acid,  of  sugar,  nud  of  various  other  fomu 
of  organic  matter,  ammonia  precipitates  the  peroxide  of  iron  rcry 
imperfectly  from  its  solutions :  in  ench  a  case  hydrosulphate  of 
ammonia  must  be  emptoyetl.  The  iron  is  thus  thrown  down  oom- 
plctdy  as  sulphide ;  this  precipitate  must  be  rcdissolved  in  nitric 
acid,  and  then  the  iron  may  be  obtained  as  peroxide  by  adding  an 
excess  of  ammonia  to  the  solution, 

(648)  SeparaiiOR  0/  Iron  /rom  jihmina  and  Ghcina. — ^If 
alumina  and  glucina  arc  contained  in  tlic  liquid,  they  accompany 
the  jieruxide  of  iron  when  precipitated  by  ammonia.  '\V)icu  thoM 
earths  arc  present,  the  precipitation  should  be  effected  by  on 
excess  of  caustic  potash  instead  of  by  ammonia ;  tlic  prcdpitata 
should  be  gently  warmed  with  the  liquid  for  the  puqiose  of  disMlr- 
ing  out  the  eartha.  The  (tolution  is  filtered  fmin  the  peroxide  of 
iron,  which  requires  long  washing  with  boiling  water  to  remorv 
the  last  truces  of  potash.  Tiie  alumina  aud  glucina  arc  obtained 
from  the  alkaline  filtrate  by  ncutrolining  it  witlt  liydi-ocbloric  acid, 
and  then  adding  a  slight  excesii  of  ammonia;  the  alumina  and 
glucina  are  precipitated  together,  and  must  be  9ei>aratctl  in  the 
manner  described  in  (57S). 

(649)  StparatioH  of  Iron  from  Zinc,  Cadmium,  Cobalt,  Ntclcti, 
and  Mangatienr. — Having  precipitated  the  cadmium  by  sulphuretted 
hydrogen,  and  reconverted  the  iron  into  peroxide  by  boiling  the 
liquid  with  a  small  quantity  of  nitric  acid,  the  solution  ia  to  be 
lar^'ely  diluted  with  water,  and  carbonate  of  tioda  added  gradually 
to  the  acid  liquid  until  a  permanent  precipitate  is  formed,  though 
the  liquid  remains  acid.  The  solution  niuwt  be  boiled,  and  the 
Uquid  filtered  from  the  hully  precipitate  of  the  subsalt  of  iron  : 
the  clear  solution  must  then  be  sligiitly  supersaturated  with  car- 
hoBate  of  soda,  and  afterwords  feebly  acidulated  with  acetic  tu:id : 

oa  again  boiling  the  liquid,  Wc  \vA  vtma  q^  wsa^i  'C&.'c<y«%  Aa-<% 
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tu  the  foriQ  of  b&sic  ncctatc,  whilst  Uic  oUier  mcUls  arc  retained 
in  the  (Solution :  Uje  |irecipitated  salt  of  iron  must  be  nHllmolvcd 
in  hvdrocbloric  acid,  and  the  irou  thrown  down  as  peroxide  hj 
the  addition  of  ammonia. 

Sometimes  ammonia  in  cxcesa  i«  made  use  of  to  separate  iron 
from  these  nietal«,  which  all  form  soluble  compniiiKtH  with  ammonia, 
and  which,  it  is  supposed,  will  retain  them  ict  solution  ;  but  this 
Diethod  shotdd  never  be  resorted  to  in  anul}>Hi.i,  I>erau9c  the  oiidc  of 
iron  always  retains  a  larf;c  quantity  of  the  other  oxides. 

{650)  Sfparalion  of  Iron  from  Uranium. — The  iron  having  been 
oonverted  into  peroxide  is  precipitated  by  a  large  excesi*  of  car- 
bonate of  ammonia,  which  retaiuA  mu^t  of  the  nrnuiiim.  Thia 
proccM,  however,  although  usually  adopted,  is  imperfeet :  for,  if 
the  quantity  of  iron  be  at  all  large,  a  coii«idcrablc  proportion  of 
oranium  i»  predpilated  along  with  it. 

(631)  Bafimation  a/  a  M'ulurt  of  Protoxide  and  PtroxiiU  of 
Iron. — It  often  happens  that  the  diemist  baa  to  *»ccrtain  the 
relative  proportions  of  protoxide  and  KcaquioxiJc  of  iron  which  a 
compound  contains.  If  the  compoum!  of  iron  for  examination  be 
soluble  iu  hydrochloric  acid,  the  following  process  by  Penny  will 
be  found  botli  eauy  in  execution  and  accurate  in  ilit  results.  It  ia 
ba»cd  u[)on  the  power  which  a  solution  of  bichromate  of  potash  in 
excess  of  hydrocliluric  acid  possesses  of  converting  protocbloride  of 
iron  into  seaqnichloridc,  while  the  chromic  acid  is  reduced  to  the 
Ktate  of  sGsquichlondc  of  chromium,  iu  tbe  manner  shown  b;  the 
following  equation : — 

KO,  2CfO,  +  6  FcCl  +  7  HCl=3(FcjCg  +  Cr,Cl,+  KCI  +  7  HO. 

In  order  to  carry  this  process  into  effect,  44-4  grains  of  pure  bichro- 
mate of  potash  are  introduced  into  au  alkalimeter  burette  (4S0}, 
whicli  ia  to  be  filled  up  to  o"  with  tepid  water;  the  mixture  is  to 
be  agitated  until  tbe  salt  is  dissolved.  Each  division  of  the 
iostroment  contains  tufllcieiit  of  the  bichromate;  to  convert  half  a 
grain  of  metallic  iron,  present  iu  the  form  of  protocbloride  of  iron, 
into  seiqnichloridc.  The  ore  for  experiment  having  been  reduced 
to  an  extremely  flue  powder,  100  graiuv  of  it  are  boiled  in  a  fluHk 
for  ten  or  fifteen  minutes  with  about  2  ounces  of  hydrochloric 
acid  of  sp.  gr.  I'loo :  about  6  ounces  of  boiling  distilled  water  are 
added,  and  tbe  mixture  immediately  transferred  to  au  evuporatiug 
basin,  taking  care  to  riu«e  out  the  flask  tlioroughty.  A  wldtc 
plate  is  tlien  spotted  over  with  a  few  drops  of  a  weak  solution  of 
red  pruaaiatc  of  potash,  and  the  bichromate  is  caal\ii\u\'j  '^^(A 
froni  ihc  alkalimctcr  to  the  solutioa  of  liuu  ^wAucki  \&  Vc^X,  va  cuv 
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tiniial  agitation),  until  it  auumca  a  dark  greeniab  shade ;  »  toon 
as  this  begins  to  appear,  it  must  be  tested  ancr  each  nddition  of 
tlic  )i  id  I  roil)  it  to,  by  Inkiug  out  a  dmp  of  the  solution  on  a  glav 
rod,  and  adding  it  to  ouc  of  the  drops  of  tlic  red  promintc.  Vt'ha 
the  l(u>t  drop  no  longer  ooca^ons  a  blue  precipitate,  the  operation 
is  ended,  and  the  number  of  divisions  of  the  liquid  vhicli  h»s  beeii 
luldi'd,  when  divided  by  two,  iudieates  the  amount  of  metallic  iron 
vhicb  exists  in  the  form  of  protoxide  iu  too  parte  of  the  ore. 
TIic  lota!  tpiaiilily  of  iron  pre*eiit  in  the  sohilioii  may  be  «sccr< 
tained  by  makiug  a  seeond  experiment  on  a  fi-csh  portion  of  the 
ore,  and  reducing  the  metal  whilst  still  in  the  flask  irith  tlie 
hydrochloric  acid,  to  the  state  of  protoxide ;  this  is  readily  cSt'ctnl, 
cither  by  transmitting  n  current  of  »u1pliurcttctl  hydrogen  and  then 
expelling  the  excess  of  that  gas  by  ebullition,  or  by  boiling  the  ooo- 
eentratcd  solution  with  metallic  zinc,  or  by  nearly  neotraliring  the 
liquii]  uith  jiolash,  ami  adding  a  solution  of  Hulphitc  of  so<la  until  a 
drop  of  the  liquid  ecascs  to  give  a  red  colour  when  mixed  vith  a 
drop  of  a  solution  of  sulphocyanide  of  potasaltun,*  placed  upon  a 
tvhite  plate:  the  liquid  is  thru  boiled,  to  expel  tlio  excess  of  «ul- 
pliuron»  acid.  When  the  iron  has  thus  been  redueed  to  the  state 
of  protoxide,  the  whole  quantity  of  the  metal  present  may  be 
ascertained  by  meaniiofthe  tiolution  of  bicliromatc  of  [lotajih,  ai 
before ;  the  difference  between  the  two  results  will  give  the  per- 
centage of  metallic  iron  present  iu  the  form  of  peroii<le. 

Another  excellent  process  for  determining  the  amount  of  » 
protosalt  of  iron  prt-sent  was  enutrived  by  Mai^ueritte  {/tut*.  4t 
Vhimie,  III.  xviii.  344).  It  consists  in  a^crtaining  the  quantity 
of  a  measured  »olutioii  of  permanganate  of  pota»h  of  known 
strength,  which  the  cold  acidulated  and  largely  diluted  solution 
of  iron  iu  hydrochloric  acid,  can  deoxidize  aud  deprive  of  colooTf 
owing  to  the  reactiou  expressed  in  the  folioiring  equation  : — 

KO,Mnp,  +  ioFeCl  +  8UCl  =  2MnCI  +  KCl+5Fe,Cl,  +  8UO. 

The  strength  of  the  solution  of  permanganate  i«  ascertained  by 
diftsolviiig  jgrairiM  of  clean  iron  wire  in  Wiling  hydrochloric  acid, 
diluting  the  solution  largely,  and  ascertaining  the  unmber  of  diri- 
Hion.tof  ptTtnniigiinatc  measured  from  a  burette,  which  it  is  capable 
of  decolorizing. 

The  total  quantity  of  irou  present  iu  an  ore  or  other  compotmd 
may  l>e  ascertained  by  a  second  exiieriment  upon  a  fresh  {lortion 


•  Tbercdneinsiriri'L't  ofsulifliittf  of  wda  ou  Um  jicrcldoriili' r>f  iron  najr 
he  iiplaioed  by  the  foUowimt  «miB.>.\on.  tt<«a  «\im:\v\V«\UV  •(en  that  Iho 
Ulfi/ii.-e  >«  courerted  iulo  »i>\p\>iiMi  «!  wiia  4ttt\t»%tt»i  aii(«»s:™ii.-.— 
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of  tlie  ore,  rettticing  tlic  iron  to  the  state  of  a  Halt  of  the  protoxide 
by  means  of  line,  or  otberwise,  as  described  when  treating  of 
Peniij-'ti  procesH. 

(653)  Analysis  of  Vast  Iron,  Stent,  and  Bar  Iron. — For  this 
purpose  the  metal  mast  be  reduced  to  a  line  state  of  suhdivisioii 
ly  means  of  a  new  file,  iirfiviotisly  freed  from  oil  by  the  action  of 
a  solution  of  potash;  the  fine  particles  detached  are  to  be  siflc-d 
through  a  lawn  aJeve.  Some  kind*  of  cast  iron  are  too  hard  to 
admit  of  being  filed ;  they  niiut  be  cruahed  in  a  small  mortar  made 
of  hard  »t£d. 

I. — ^The  proportion  of  carbon  is  aneertained  by  mixing  from  50 
to  100  gntin^  of  fincly-di Tided  iron  nith  about  10  times  its  weight 
of  chromatc  of  lead  or  of  oxide  of  copper;  then  placing  it  in  an 
ajiparutiis  :<imilar  to  that  shown  iu  lig.  263,  and  burning  the  iron 
in  a  very  gentle  current  of  oxygen ;  the  carbonic  acid  which  is 
fiirmcd  i*  collected  in  a  solntiou  of  potash  placed  in  Liebig's  buibs. 
The  tube  whidi  contains  the  iran  is  gmdually  heated  with  ebitr- 
coal,  coinmcncing  at  the  estremity  iiearRat  the  potash  bulbs,  and 
tlie  fire  i»  jilowly  advanced  towartis  the  other  end,  until,  when  the 
operation  is  completed,  the  whole  length  of  the  tutw  iit  red  hot. 
From  the  qnantity  of  carbonic  acid  thus  obtained,  the  proportion 
of  carbon  in  the  iron  may  l>e  calculated.*  But  it  lias  been 
already  explained  that  cast  iron  contains  carbon  partly  in  ehcmical 
com  hi  nation,  partly  in  a  Ktato  of  mechanical  mixture,  and  it  i» 
important  to  determine  the  relative  proportions  of  the  carbon 
«hidi  exist  in  these  ditTereut  conditions.  This  may  be  effected 
ly  dissolvitig  the  iron  in  hydrochloric  acid.  In  this  operation  all 
the  carbon  which  was  chemically  combined  with  the  iron  i»  sepa- 
rated in  the  form  either  of  a  gaHcous  compound  of  carbon  and 
hydrogen,  or  n«  a  liquid  hydrocarbon  ;  wliiht  the  scalc"  of  graphite 
mechanically  diffused  tlirough  the  metal  are  not  acted  uimn  by  the 
acdd,  and  an  Icf^  in  a  solid  form  mixed  with  silica.  In  order  to 
ascertain  the  proportion  of  gr.'ipliite  iu  this  residue,  it  is  collected 
on  a  small  weighed  filter,  and  >vnshcd  with  ether,  to  remove  any 
adhering  liquid  hydrocarbon;  the  filter  and  its  contents  are  dried 
at  ai3°,  and  weighed  in  s  covered  crucible.  The  residue  is  then 
btinied,  and  the  .■•ilica  which  remains  is  deducted  from  the  weight 
of  the  precipitate  collected  on  the  litter. 


i 


*  A  less  rajiid  but  ncotirntc  pinn  rnnainti  in  dificntinn  the  iron  in  TdSiiK*  or 
in  rraKineBta  with  an  exct-M  of  ncTutrnl  cliloridi'  of  couppr  Hiniolvcd  iu  wst«r ; 
thu  iruu  is  slovljr  <lissulr«d,  and  i^uppcr  prf^i'ipitated  iu  ita  place,  whilst  the 
corlwri  is  left  in  a  fioyly  dii't<Itfd  ctniJilioii.    Tho  prt'ci^nlute  iii\\s\.  Vi*  »i>\\ciA«i. 
on  n  flltpr,  dned,  tail  tntne/i-rrvd  to  a  lube  in  wluch  it  is  ^wirnei.wfc  ii«w» 
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a.— The  quanUtjofri/icoRcontiiiiictl  in  the  iron  is  awertatDCi 
hj  dissolving  the  metal  id  hydrocliloric  acid  and  evaporatiug  tin 
solution  to  dryiioKK,  moiMtvning  iriUi  couceutrntcd  hrdrocldorii 
acid,  tlicii  dissolving  all  the  soluble  matter  in  irater,  and  collectin 
the  silica  on  a  filter:  from  lhi»  residue,  after  tlic  gmphitc  is 
hunicd  ofT,  tlic  quantity  of  eilicou  can  be  e»ltniated,  lOO  {iturts 
■ilicic  acid  reprceenting  48  of  eilicoQ. 

3. — Suiphttr,    Phosphorus,   and    Arsenic. — The  most  accurati 
mode  of  CElimntiii^  thciic  sulistnncce  consists  in  deflagriiting  abou 
jo  griiiux  of  tlie  fiiielj' -divided  iron  with  iibout  six  limes  itn  wetghl 
of  a  mixture  of  j  parts  of  pure  nitre,  and  1  part  of  carbonate  a 
pota»!i,  in  «  crucible  of  silver,  or,  ittill  helt<:r,  of  gold.*     Th* 
phosphorus,  culphur,  and  arsenic  arc  thus  converted   into  phoi^ 
phoric,  sulphuric,  and  araenic  acids,  which  combine  with  the  potiuli 
when  the  fused  mass  is  digested  in  water  they  arc  dissolved,  wbiis 
the  pcroxiiic  of  iron  remjiiTw  uiidiHWolvcd.     The  filtered  solutioi 
is  ftu]}ersaturated  with  hydrochloric  acid,  and  the  sulphuric  acl 
is  thrown  down  by  means  of  chloride  of  barium ;  the   esccss  of 
barj'la  is  removed  by  adding  sulphuric  sciil,  and   the  arsenic  in 
^thrown  down  by  n  current  of  sulphuretted  hydrogen.     Tlic  liqnidf 
filtered  from  sulphide  of  arsenic,  is  now  ncutralincd  by  ammoniSf 
and  OQ  the  addition  of  a  few  drops  of  solution  of  sulphate  of  mag* 
Dcsia,  tbe  phosphoric  acid  is  gradually  v^eparated,  on  standing,  n| 
the  crystalline  double  phosphate  of  magnesia  and  ammonia. 

The  MvNtjuinxidc  of  iron  is  dissolved  in  bydrochlorie  »eid,  am 
ft  cuTKOt  of  sulphurcttwl  hydrogen  is  transmitted,  by  which  copper 
would  be  sepuriited  as  sulphide  ;  the  filtrate  is  boiled  with  nitrict 
acid,  and  the  iron  sepnritted  from  naauganese,  cobalt,  or  nickel, 
by  means  of  carbonate  of  soda  in  the  mauuer  already  described 

(649)- 


$  Vn.  Chromhtm  (Cr=a6'a7).   8p.  Gr,  6-8i. 


buted 


(653)  Chromii'M  is  a  metal  which  is  but  sparingly  distribu 
over  the  earth.  Us  most  itnjiortaut  ore  is  the  chrome  ironstont^ 
«  compound  of  protoxide  of  iron  with  Kcsquiuxide  of  cbromiuol 
(FeO,  Cr,Oj),  which  has  now  aud  then  been  met  with  crystalliited 
iu  regular  octohedra  like  the  mngnetio  oxide  of  iron,  to  which  it 
corresponds  in  composition,  but  is  more  generally  found  mosuve: 
it  is  principally  supplied  from  the  United  States  uid  from  Sweden. 
Occasionally  the  metal  occurs  iu  a  higher  state  of  osidation,  ia' 


•  Any  trace*  uf  vanndium  ot  ot  cVttoinwm  would  ot»o  be  oxidixed,  sTij 
oit  dinetliDji  [ill)  1118SS  iu  naler  wouV^  W  illu*<>Vtci.  <y4\ iu ^Ltam  ^^^u^^'on  ^^^il. 
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combination  iritli  oxiilc  of  l«a<J,  a»  diromate  of  lead  (PljO.CrO^). 
Indc^  it  was  in  this  beautiful  mineral  that  Vauqueliu,  in  tbc  year 
1797,  first  disoover<^I  tli«  <:xitttciicc  of  cliromium, 

To  obtnin  tlic  metal,  oxide  of  chromium  is  intimately  mixed, 
iu  fine  powder,  witli  eliareoal,  uiid  made  up  into  »  p(utv  with  oil ; 
it  is  then  placed  iu  a  crucible  lined  with  charcoid,  and  the  cover 
of  the  crncihUi  is  luted  on,  after  which  it  is  exposed  for  two  hours 
to  the  heat  of  a  good  »ind  furiiacR;  an  agglomerated  mas*,  of 
metallic  appcamaoc,  is  thus  uhtaincd.  It  i*  not  pure  chromium, 
but  consists  of  a  couibinatioD  of  carbon  with  the  metal.  Cliro- 
mium obtained  by  this  method  is  very  dilFicTult  of  fusion ;  it  gene- 
rally forma  a  porous  niass  composed  of  brilliant  grains,  which  arc 
hard  enough  to  scratch  glass.  Iu  this  state  it  has  a  specific 
gravity  of  about  5*9,  which  ist  uo  doubt  tower  thau  it  nuuld  be 
aftitr  complete  fusion.  Devillc  found  on  reducing  chromium 
fium  pure  ec^qniuxidc  by  mc:in«  of  charcoal  from  aiii;ar,  in  quan- 
tity insudicicnt  for  comjitctc  redaction,  that  the  mass  underwent 
partizil  fusion,  but  couhl  not  be  melted  into  a  compact  button  even 
«t  a  temperature  snliicient  to  fuse  and  volatilize  platinum.  If 
ignited  with  the  alkalies,  alkalint;  carbonutes,  or  uitrales,  chromium 
is  rapidly  converted  into  chromic  acid,  which  combines  with  the 
alkaline  base.  It  may,  however,  he  heutod  to  redneHs  in  the  open 
air  without  becoming  oxidised,  and  is  not  acted  on  by  any  acid 
except  bydrochlgric  aeid. 

!■' re  my  transmits  the  vapour  of  sodium  over  the  sesquiehloridc, 
wbieti  is  placed  in  ft  porodain  tray,  and  heated  to  redness  in  a 
porcelnin  tube:  the  chromium  Is  obtained  iu  brilliant  ciy^ital.t, 
which  belong  to  the  regular  system  ;  tbcy  arc  insoluble  in  aqua 
regia.  Wdblcr  reduces  chromium  from  the  violet  chloride  by 
fusing  it  with  twice  its  weight  of  sine  under  a  flux  of  the  mixed 
chlorides  of  potassium  and  sodium:  nitric  acid  is  employed  to 
dissolve  the  zinc,  and  the  chromium  is  left  as  a  grey  brilliant 
crystalline  powder  of  «p.  gr.  68 1.  If  the  svsqaichlorido  be  mixed 
with  potassium,  and  heated  in  a  covered  crucible,  another  moditi- 
catiou  of  chromium  may  be  procured ;  after  washing  the  re-Hidue 
with  watflr,  the  metal  remaiii.i  in  the  form  of  a  dark-grey  powder, 
which  assumes  a  metallic  lustre  mider  the  burnisher.  This  pul- 
venileiit  chromium,  if  heated  in  the  air,  takes  fire  below  redness, 
and  bams  brilliantly :  it  is  oxidized  with  great  violence  by  nitric 
acid,  sometime:)  iH-coming  incande-scciit  during  the  action  ;  and  it 
is  dissolved  by  hydrochloric  acid  and  diluted  sulphuric  acid,  with 
evolution  of  hydrogen. 

Metallic  chrotmuai  haa  uot   been   ap^iUcd  vu  t\\e  «.t\»,\)ViX''v^a 
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oxide  aud  mauy  of  tlie  diromatea  are  highly  valned  as  coloaring 
materials,  both  la  painting  on  jiorccluin  unil  iu  culiou  ^»t)tig. 

(654)  CoMPOVN'Ds  or  Chromium  with  Oxvcies. — Chrumium 
foriDs  four  well-marked  oxides ;  a  protoxide,  CrO,  and  a  sesqwi 
oxide,  CfjOj,  both  capable  of  forming  aalts  with  acids  :  an  iiiter- 
mediate  oxide  (CrO,Cr,0j),  corresponding  to  the  magnetic  oxide 
of  iron,  and  a  ponerful  metallic  acid  (CrOJ,  chromic  acid,  oof* 
responding  to  manganic  and  ferric  acids.  It  dso  appears  to  be 
l)n)liiil)l(:  Unit  «  pfirhromic  acid  (Cr,Oj)  exist* ;  at  least,  a  bloe 
liquid,  nhich  ia  soluble  in  etber,  is  obtained  on  pouring  binoxidt 
of  hyilrogcu  into  a  solution  of  clirontic  acid ;  but  none  of  it»  0(wa- 
pounds  ai-e  known. 

Protoxide  of  Chromium  [CrO=34-3). — This  oxide  i«  knowi 
only  in  the  liydrated  condition.  It  is  obtained  as  a  d&rk-bro*B 
precipitate  on  ndding  caustic  potn^h  to  a  solution  of  the  prat»- 
cliloridc  of  clirominm  ;  it  absorlin  oxygen  nitb  great  avidity,  anil 
even  decomposes  water  with  extrication  of  hydrogen,  and  thea 
hccoraca  convcrlnl  into  ibe  inlcnuediittc  liydrated  oxide  (CK]^ 
CrjOgJlO),  which  is  of  the  eolour  of  Spanish  snnff. 

The  protoxide  of  ebrnmiuin  fornix  a  double  aulphate  with  snl- 
phatc  of  potash  (Cr0,S0j+K0,S0j,  +  6  Aq),  eorresponding  to  tie 
double  Hulplialc  uf  iron  and  [)Otash  Ijuth  in  form  nud  conipo»iu<Hk 
The  crystals  arc  of  a  fine  blue  colour. 

(6,55)  Fe»yMifij-iilr  0/  Chr'nnmn  (CrjO,  =  76-5) ;  8p.  Gr.  eryit 
5"ai. — This  oxide  is  obtained  as  a  greyish-grceu  bydrale,  by  boiling, 
witli  alcohol  a  «iohition  of  biehiomnlc  of  pcitosh  acidulated  wilk 
sulphuric  acid.  The  alcohol  deprives  tbe  chromic  acid  of  half  Ut 
oxygen,  and  the  liquid  becomen  green  from  the  formatioa  of  a 
sulphate  of  the  aefqiiioxide.  A  current  of  sulphurous  acid  way  be 
employed  instead  of  alcohol  iu  tlie  reduction  of  chromic  acid.  Oil 
the  addition  of  antnioiiia,  a  bulky,  gelattiiou*,  green  prccifHtatc  0 
the  liydrated  oxide  is  produced,  «hicli,  when  dried  in  the  air,  hai 
tlie  formula  {Or/),.  10  HO).  In  tliin  form  it  is  freely  wluhlc  ii 
acids,  nod  forms  salts  the  solutions  of  which  arc  of  a  green  colour 
but  they  do  not  crjKlallixc. 

Sc^quioxidc  of  chromium,  though  comparatively  a  feeble  httat 
forms  also  another  mt-tiLnR-ric  set  of  soluble  salts,  which  arc  of 
violet  colour  and  crystallize  readily.  If  lln.-;*  violet-coloured  aal 
he  precipitated  by  an  alkali,  they  give  a  bluish-grccn  hydrato 
oxide,  which  if  rediasoheil  in  an  acid  without  the  application 
heat,  reproduces  the  violet-coloured  salts.  This  precipitated  oxid 
easily  passes  into  the  grccu  modification  by  tJie  action  of  boilin 
Batcr^  or  of  coucculcitXeA  ^u\c  ettW>js»M>,  aijwv.  \V,  'm  ^wcw  Ns 
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»tn»i^  friction.  If  a  solution  of  one  of  the  violet  salts  be  heated 
to  the  boiliRg  [loiiit,  or  a  little  ithort  of  il,  the  »4ilt  passos  at  oiico 
into  the  grecD  modification.  The  oside  from  the  rioict  »a\t»,  tho 
metackromic  oxide  of  Krcmy  (CrjOj  +  y  HO,  dried  in  vacKo),  is 
Bolnbic  ID  excess  of  ammonia  aod  in  acetic  aciil ;  hy  long  d:ge*tion 
irith  strong  nmnioniii  in  the  pTxwncc  of  &u  ammoniacat  salt,  the 
green  inodi6eation  of  the  oxide  pauses  into  the  violet,  and  \y>  di«- 
ttolved  hy  the  alkali.  Pota«h  niid  soda  prcd|>itatc  the  bjdi'atcd 
acaqnioside  from  both  rarietiea,  and  rediMoIre  it  if  added  in  csces«, 
foniiiiig  a  green  sohitton,  from  which,  on  bolting,  the  whole  of  the 
Bcsqiiioxidc  of  chix>niiuni  in  RC{i»ratcd  a*  tlie  hydrate  of  the  grveii 
•alts.  When  either  of  these  hydrated  oxides  is  heated,  it  parts 
with  its  water  btrlnw  rediiesa,  after  which  it  is  much  leu*  soluble 
in  iictd's.  If  heated  a  little  beyond  this  point,  it  suddenly  becomes 
tncandci^cent,  shrinks  cooffidembly  in  bulk,  and  is  do  longer  attacked 
bj  acids. 

Besides  the  two  solnblc  Tarictics  of  the  salts  of  chromium 
before  mentioned,  a  third,  nidiydroiis,  insoluble  scries  is  knotrn, 
correspond  ing,  it  would  seem,  to  the  dense  and  comparatively 
inert  mudificatinn  of  the  metal  itself. 

Tlic  anIiydroiiB  green  oxide  of  chromium  is  not  decomposed 
by  Iteat,  and  hence  is  used  as  a  green  colour  in  enamel  painting. 
It  is  usnally  prepared  for  thi«  purpose  by  deeoniposing  suhchro- 
mate  of  mercury  by  «  itil  he»t:  half  the  oxygen  of  the  acid  is 
expelled  along  with  the  oxido of  mercury.  Cbromate  of  ammonia 
may  be  emplojcil  instead  of  chromate  of  mercury  with  equally 
good  rcBuIta.  Another  method  consists  in  strongly  igniting,  in  a 
covered  crucible,  an  intimate  mixture  of  4  parts  of  powdered 
bichromate  of  potash  and  i  part  of  starch  ;  the  carbonate  of  iiotash 
rcsnltiug  from  the  dccompoMtion   is  washed  out,  and   the  «esqni- 

:e  of  cbrominm  which  remains,  after  undergoing  a  second  cal< 
ion,  yields  a  beautiful  clear  green  colour.  There  are  olso  a 
variety  of  other  moilen  of  obtatuing  it.  Ses(|uioxide  of  chromium 
ii  the  colouring  ingredient  in  greenstone,  in  the  emerald,  in  pyropc, 
and  in  scTCral  other  miueraltt.  The  piuk  coUmr  used  on  earthen- 
ware  is  prepared  by  heating  to  redness  a  mixture  of  {o  p!irts  of 
peroxide  of  tin,  10  of  chulU,  and  1  part  of  cbromate  of  potash;  the 
{iroduct  is  then  finely  powdered,  and  washed  with  weak  hydro- 
chloric acid ;  a  tieauliful  ro«c--tint  \*  thus  obtained. 

(655  a)  Chrome  iroti-stone  (FcO,Cr,Og ;  Sp.  Or.  4-5)   is  the 
principal  ore  of  chromium  :  il  corresponds  in  composition  to  the 
(woim  oxide  of  chrontium  and  to  the  m^^ncticoxVdcnf'notv.    \ii».% 
tie  latter,  it  CQ-»taUixcs  in  octohedra,  whicb  \unc  e^QOut  'Oa«  iKcon] 


6GG  AUMOXIO-CUROHB    COMKIirXDS— CHROUIC    ACID. 

liBrdncsa  aa  felspar.  Chrome  iran<stone  i»  fcnrcely  attacked  by 
any  of  the  ncidw.  It  i*  iufiiitible  i»  the  furnace,  and  when  bcatcd 
ahtorbs  oxygen  from  the  air ;  this  oxidation  takm  place  rajiidly 
when  it  ih  powdered  and  mixed  with  a  carbonate  of  one  of  tbo 
alkalies  or  alkaline  earths,  chromic  acid  being  formed.  loo  parts 
of  this  ore,  if  pure,  contain  ^827  of  chromium,  and  yield  89-6  of 
chromic  acid. 

(655  A)  Fremy  (Comptei  Rmdtu,  Doc.  6,  1858)  has  described  a. 
seric«  of  amnioninted  e<)mpound8  of  ehromiuni  presenting  scmiw 
analogy  with  those  of  cobalt.  If  a  solution  of  t>al  amniotiinc  con- 
taining free  ammonia  be  digested  on  the  hydrated  oxide  prcdpi- 
tated  by  timmonia  from  one  of  the  riolct  snits  of  chromium,  llie 
oxi<le  is.  diNHulved  and  a  fine  violet-coloured  solution  b  formed 
If  tlic  compound  thus  formed  by  muriate  of  ammonia  be  evapo- 
rated to  (Iryui-MH  it  fiiniialies  a  fmc  violet  eonijiound,  wliieh  is  xery 
Bolubic  in  water,  has  scarcely  any  alkaline  reaction,  and  gitw  no 
prccipitjitc  with  nitrate  of  silver  ;  the  ordinary  tests  of  chromiinn 
do  not  show  the  presence  of  the  metal.  'When  the  solution  is 
boiled  nmmotiin  is  expelled  and  hydrated  onide  of  chroininm  if  pr«i- 
pitated.  The  deoomjHJsition  iiidicatca  the  existence  of  the  clement* 
(3  CfjOj,  4  II3K,  z  H.NCl.llO)  in  thut  compound. 

When  the  aqupon-t  xohition  of  this  body  is  ex{>osed  to  the  «r, 
ammonia  escapes  and  an  insoluble  violet-coloured  substance  is 
deposited  in  transjiHrt'nt  rounded  jp-aina  {Cr,0^, H.N  13  HO);  boiling 
water  eanscs  its  dccouipo^'ilion  :  when  this  body  is  treated  with  acid* 
a  new  eliwi  nf  nmmoniated  jaltn,  tcnneil  from  their  colour  fomo- 
cAromic,  is  formed  of  the  general  formula  (('r^O,,  4  II,N)  3  ll,  in 
which  A  represent*  any  monobasic  acid.  The  formation  of  tlie 
sulphate  may  be  represented  by  the  following  equation : — 

4{Cr,0,H„N}  +  uSO,=3'tt>^,;jio;)  +  (Cr,0,.4H5*)+3  SO^ 

(156)  Chromic  Acid  (CrO^=5o-3)  ;  Rp.  Gr.  3'6;6..— Tlicre 
ape  Hcvcral  modes  of  obtainiof  this  compound,  t. — ^The  aimpleu 
consista  in  mixing  4  measure*  nf  a  eold  saturated  solution  of 
bichromate  of  potai^h  with  5  of  oil  of  vitriol :  as  the  liquid  eonls, 
the  chromic  acid  separalex  in  benutifid  enmnon  needles  ;  for  though 
very  Koluhic  in  water,  the  acid  has  the  pecnitanty  of  being  nearly 
insoluble  in  aulphnric  arid  of  sp.  gr.  1-55,  but  is  freely  dissolved 
by  it  either  in  a  more  concentrated  or  in  a  more  dilnlc  condition. 
The  crystals  are  allowed  to  dry  upon  a  porous  tile,  under  a  beil- 
jf/jiss.  A  good  deal  of  Bul\Aurie.  acid,  bowevcr,  still  adheres  to 
tlicta  ;  iu  order  to  remote  it,  tXwi  ct^AaX*  -AiwASi  \ife  &m^m:&'' 
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,  mhA  a  M>Iiiiioii  ot  hirliroinat«  of  liarrtn  ^tioulil  \te  addnl  in 

itj  jnvt  KDRUririit  to  tlirovr  dowu  ttic  wIkiIl-  of  the  »iili)li[iric 

.  «ulpbate  of  tuirjrtA:  the  witution  may  \k  recrjrstallizetl  hj 

ta  in  trnato.    i. — Cliromic  acid  mar  also  be  pnr]Min.-(1  from 

mde  of  chruiiiiuHi,  \iy  dicutiiiKwiiig  tliU  comitoiiiid  uith 

i). 

lie  arid  when  drieii  at  a  gDiitlc  heat  i« anhjrdmuo.     While 

U  black,  but  it  bt-comca  dai-k  i-ed  on  cooling :  at  altout  400* 

and  if  heiit«d  mure  strongly,  Ijuiotncs  viridly  inmidetcciit, 

t fionvi^rtcd  into  the  sesquioxidc  with  dinetigBgcrocDt  of  oxy^ea. 

Acid  dt?li(]iti-3fie«  when  vxpowd  to  the  Hir.      It  htM  3  HOiir, 

taste,  nod  possesses  Ganuderable  oxJdisiug  power,  from  the 

with   which    it   i«  rcduocd   to  sccquioxidc  of  chroraitim. 

heated  with  bydrocbloric  acid,  chlorine  is  evolved  aiid  ch)o> 

chi-otoiwo  i»   formed;  aCrO,  +  6  llCl=CrjCi,  +  (i  H0  + 

Chromic  ncid  forms  more  thau   one  cry^alline  eomponndi 

JphiiHc  aeid;  these  compounds  arc  dvcompUMtl  hy  vatcr. 

iiHalri. — Cbrnmtc  aci*!  ronibines  wtUt  ba>e8,aiid  forms  three 

tof  koltn— bii«ie,  normal,  and  acid.*     The  chromiitc*  of  the 

arc   Eolablo  in   water;  the  normal   salts  hare  a  yelloir 

t;  the  acid  italt»  are  of  a  bright  oraogc:  the  most  impoilnnt 

Miltfi  arc  the   ebroniute  and  hieUromatc  of  potash,  froio, 

tbo  otlter  chromutcs  are  gcucrolly  obtained. 

i  Bichromate  of  Potanh  (KO,  a  C»0^=  147-5  I  V  *^'"-  r^i^) 

llixes  in  large  rul,  transparent,  uuhydrons  four-sided  tablca. 

below  rcdntr^H,  and  ns  it  cools  splits  to  pii-ces  from  the 

iHjr  of  itH  contraction.     It  retiuires  about  to  times  its  weight 

m  60'^  for  its  Kilution. 

Order  t4i  prucute  the  bidiromate  of  [wtash,  chrome  iroti- 

indored  to  lui  extremely  fine  powder,  and  heated  in  n  re- 

ivj  liirnnec  with  carbonate  of  potash  and  a  nmall  proportion 

ibo  tuixtiire  Iwing  constantly  stirred,  tuhtu'ten  the  oxithi- 

I    this  is  complete,  tiie  product  is  digested  in  water, 

i.v  solution  is  drawn olT  from  the  in-ujliilik-  matter;  it  i» 

ituratcd  with  nitric  acid  j  a  portion  of  nlica  is  thus 

%\,    nn'l   aAcr  this   has   been  ociinriitcd,   the  lirjuid,  on 

II,  yifbis  crystals  of  hichruiiiatt;  of  |)otafth,  which  arc  puri> 

racnlliulion. 

to  Srhweitxer  sercral  double  salts  may  be  forme 
kivhromutc  uf  potash  with  an  equindcnt  of  acme  other 


....1..^..    _  .: 


'tn  dibule.  tli«  ohromio,  maDSinM,  anil  ferTie  ncidi 
«H  a  similar  uompontion,  and  (he  fonuolc  of  tbcir 
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bnse,  svcli  as  Iimc  or  magnesia.  The  clironiatc  of  magneoia  *ad 
poUsh  o^'stallieCA  in  oblique  rlionibic  priuiu  (KO,MgO,  3  CrO,+ 
3  HO)  and  a  ealt  of  Hmilar  cotnpo»ittuii  itiuy  bo  obtiiiiiixl  villi 
lime ;  but  there  in  no  analogy  betweeu  these  double  diromates  aail 
the  tnagDesian  double  sulpbatce. 

If  a  solution  of  carbonate  of  i>otaah  be  addml  to  tlie  bioim- 
mftt«,  until  it  becomes  of  a  pale  yellow  colour,  carbonic  acid  is  (a- 
pclied,  and  tlic  ttomuil  or  neutral  chrvmale  (KO,CrO,=97'j; 
Sp.  Cr.  2'683)  is  formed.  This  salt  is  soluble  in  about  twice  it) 
weight  of  cold  nat^T,  iiiul  »ttll  more  frafly  so  iti  boiling  wiUer;  it 
has  a  pure  and  intense  yellow  colour.  A  very  amaU  quautity  of 
the  salt  BuSiccs  to  impart  a  yellow  tinge  to  a  considerable  volume 
of  water.  Hv  eva^mraiioii  of  ita  solutiou  cliromate  of  potash  msy 
be  obtained  vttb  some  difficulty,  iu  transparent,  yellow,  anhydrom 
prismii,  which  are  i^oinorplioua  with  those  of  sulphate  of  [)otasb: 
at  a  red  heat  it  fuses  without  nudcrgoing  decomposition.  A  /or- 
ehromale  of  putatli  (KO,  jCrO,},  al«>  anhydrous,  waa  obtained 
by  Mitscherlieli  in  deep  red  crystals,  by  adding  au  excess  of 
nitric  acid  to  a  i>ulutiuii  of  the  ljichfx>matc,  and  oUuwiug  it  to 
evaporate. 

Chrotnale  of  Sotla  (NaO,CrOj  +  io  Aq  =  8i-3  +  9o)  may  be 
obtaiucd  by  a  proeeas  similar  to  that  employed  in  prejiaring  chnv 
mntc  of  pota»b  :  it  forms  efflorescent  crystals ;  a  hichrwnale  of  sodi 
may  likewise  be  formed. 

CkromaU  of  Lime  is  soluble,  as  is  also  the  Biehrmtate,  whidi  is 
fonned  in  many  chrome  worU  as  a  preliminary  alsge  in  the  manu- 
facture of  tlie  cbromates.  Jaequelsin  decomposes  chrome  ore  by 
roasting  it  in  fine  powder  iutimately  mixed  with  chalk,  grinds  the 
roasted  mass  with  water,  aud  adds  sulpliurie  acid  till  the  liquid  has 
an  acid  reaction,  in  which  case  bichromate  of  lunc  is  formed,  and 
remains  in  solution.  Ckromale  of  baryta  (I)aO,CrC)j)  is  a  canaiy* 
yellow  insoluble  powder.  Cftromate  qf  tlronlia  is  yellow  and 
but  slightly  soluble. 

Chromak  of  Lead  (PbO,CrOj  =  i63-3 ;  Sp.  Gr.  5-653)  fonns 
the  pigment  called  '  cliromc  yellow.'  It  is  obtained  by  prcdpi- 
tilting  a  somewhat  dilute  solution  of  acetate  of  lea<t  by  one  of 
cliromate,  or  of  bichromate  of  potash.  Chromatc  of  lead  U 
insoluble  in  water  ami  in  acidn,  but,  like  all  the  insoluble  salts  of 
load,  it  is  diwolved  by  a  large  cxccw  of  potash  or  of  soda.  When 
heated  to  400*  or  500",  its  colour  becumcs  reddish  brown  ;  at  a 
higher  tomperaturc  it  fuses,  and  when  heated  still  more  strongly  it 
gives  off  oxygen,  scwiuiusidc  of  chromium  and  subchromatc  of  lead 
being  tonacd,  4  (Pl)0,CtOj1  =  »1,ilJW>j::«G;i^<i^fi^\'iv 
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chramAtc  of  lend  whc-n  reduced  to  ponder  is  somctimos  advan- 
tugcousl}'  auliatituted  for  oxtde  uf  copper  iu  the  combuatiou  and 
uialysis  of  organic  suWUuccs  very  rich  ia  carbon.  A  Dichromate 
of  Lead  (a  PbO.CrOg  ;  Sp.  Gr.  6-266),  of  n  :«plciMli<1  scnrlct  colour, 
may  be  oblaiucd  by  boiling  a  solution  of  the  vpUow  chFoinate  of 
lead  with  half  aii  equivalent  of  lime,  or  by  adding  to  a  solution  of 
nitrate  of  lend  a  solution  of  chroiuate  of  (lotaiili,  with  which  an 
additiuuul  v^juivalcnt  or  hydntU;  of  potash  has  bcca  prcnously 
mixed.  It  may  be  obtained  of  a  atlll  mure  brilliiuit  colour  by 
foaing  1  part  of  the  ucutral  chromate  of  lead  with  j  parts  of  nitre ; 
chromat«  of  potanh  and  (Uclutnuate  of  lead  itre  foniK-d  ;  Uie  ftult  of 
potash  may  be  removed  by  washiug.  This  salt  ia  used  to  iuipai't 
a  periuaiieiil  orauge  to  calico :  it  i»  euily  fixed  upuu  the  fabrie  by 
dyciug  it  yellow  with  cbrotiiale  of  lead  and  then  boiling  it  with 
Ucnc-ivautr,  by  which  half  the  chrumic  acid  is  abstracted,  and  the 
dichromatc  l»  left  attached  to  the  fibre. 

Siiinhrvmute  of  Mercury  (4  ligjO,  3  CrO^),  falls  aa  an  orange- 
coloured  iiiiiuluble  pn^ipitate  on  adding  Hubnitrate  of  merctiry  to 
a  soluble  chroroatc.  Chromatt  ofnher  (AgO,CrOj;  Sp.  Gr.  5770), 
i»  of  a  darko'L^d  colour,  the  tint  of  which  is  d<«piT  if  the  Mjhitioua 
be  mixed  mluUt  hot :  it  in  crjatallinc,  and  sparingly  soluble. 

A  bichromate  of  silver  i»  obtained  in  beautiful  crimson  tables 
by  heating  uieEaliic  silver  with  bidiromate  of  pota&h  and  aidphuric 
acid,  chrome  alum  being  formed  during  the  process  : — 

3Ag  +  4(KO,aCrO,)  +  7{nO,S03)  =  3(AgO,3CrOJ  + 
(KO,SO,+Crp„  3  S0,)  +  3  (KO,SC),)  +7  HO. 

Chroraio  acid  is  the  colouring  matter  of  the  ruby. 

Bichramute  vf  Chioritk  i^f  Potassiiait  (KCI,  zCrOj). — This 
remttrkablc  comptHiud  may  be  obtained  cry&taltized  in  orange- 
oolourcd  needles,  by  dissolviug  3  pari*  of  bichromate  of  potash 
aad  4  of  hydroehiurie  acid  in  a  littk  nater  at  a  gentle  heat,  and 
allowiug  it  to  cool ;  a  large  quantity  of  water  dccuuiposcs  the  salt. 

{656  o)  Scsi/uUu/pfiiile  <if  Chromium  (CrjS^=  iQO"5). — This 
compound  may  be  obtained  in  black  shining  scales,  resembling 
plumbago  iu  appearance,  when  the  vapour  uf  bisulphide  of  carbon 
is  traitsmittcd  over  »e!>quio\idfl  of  chromium  strongly  heated  in  a 
porcelain  tube.  The  affinity  of  chromium  fur  sulphur  is  butslight. 
If  the  hydrosulphate  of  ammonia  be  milled  with  a  salt  of  the  sca- 
quioxide  of  chromium,  the  hydrated  sesquioxidu  of  the  metal  is 
]Mecipitatcd,  whihst  sulphuretted  hydrogen  is  evolved. 

(657)  CosiPouNus   OF    CnitoMtru    witu   Cuuiw^t.. — CVn^s- 
taima  forma  two  cfiloridvs,  n  protochloride  au4  a  waw^t^^i'ti&a  •• 
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the  latter  is  t]>e  more  importKnt.     It  also  forms  an  osTcfaloride 
(CrCIO,)j,  frequenUy  lemicd  clilQrf)clu-omie  scid. 

The  ProtocMoride  (CrCl=(Si'7)  is  obtained  hy  heating  the  ses- 
quichloride  to  rcilnwK  in  a  current  of  dry  Iiydrogen  (carefully 
frcod  from  every  trace  of  oxygen) ;  it  is  a  white  ault^tance  wliidi 
is  rciulily  diiutolvcd  by  water,  furming  a  blue  solution  which 
rapidly  ab«or)»  oxygen,  and  becomes  green :  like  the  protochloride 
of  iron,  it  al>»orb!«  binoxidc  of  nitro)^u  quickly  and  boconiitt  brawo. 

Seit/ukhturide  of  Chromium  ((>.jC!,  =  i59). — Wlieu  a  current 
of  dry  chlorine  is  transmitted  over  au  intimate  mixture  of  6iicly 
diridcd  aesquioxide  of  chromium  and  charcoal,  heated  to  redness 
in  a  glass  tube,  beautiful  pale  violct-eolourtd  scales  of  the  anhy- 
drous Be»([iiichloridc  of  the  metal  xubliine.  When  nibbed  uixm 
the  skin  they  have  a  soapy  feel ;  they  ore  quite  insoluble  in  ctdd 
water,  but  by  boiling  them  with  water  for  some  time  a  green  wlu- 
tioQ  is  gradually  formed.  Sulphuric  aud  hydrochlorie  adds,  and 
even  Bi]iia  regia,  do  not  dissolve  them.  It  is,  however,  very  remark- 
able that  the  change  from  tliis  insoluble  to  the  soluble  grtea 
variety  is  effected  in  a  few  moments  with  extrication  of  hcot,  by 
the  addition  of  a  minute  quantity  of  tlie  protoehloride  of  chroinioio 
to  the  insoluble  chloride  when  it  is  su!>peaded  in  water,  yihm 
the  green  hydrated  t>e^quioxide  of  chminium  ia  disaolved  in  hydro- 
chloric acid  a  similar  ^rcen  solution  is  formed ;  the  liquid  fumisbo, 
by  apoiitaiieouN  evaporation,  green  cryslais,  which  may  be  repre- 
sented, according  to  I'cligot,  as  consisting  of  (CfgOjCl,  2  IICI  +  IO 
}I0} ;  for  it  is  singular  that  only  two  thirds  of  the  chlorine  which 
this  solution  contains  is  precipitated  when  it  is  mixed  with  nitrate 
of  silt-er  {Ana.  de  Ckmir,  III.  \\i.  536;  xiv.  239,  aud  xri.  394). 
A.  violet  chloride  of  the  metal  which  contains  the  same  pioportioa 
of  chlorine  may  I)e  formed  by  prrei  pi  tilting  the  viulet-eoloured  sal- 
pbate  of  chromium  by  an  equivalent  quantity  of  chloride  of  liarium: 
nitrate  of  silver  precipitates  the  whole  of  the  chlorine  from  this 
solution. 

Several  oxychlorides  of  chromium  may  be  formed. 

(657  «)  CMorocfiTvmie  Acid  (CrCIO,.)^  or  (CrCI^  2  CrOJ ;  JSJ*- 
Gr.  of  vapour,  ^■$2;  of  liquid,  1-71  ;  Comb. vol. 4;  Boilingpt.  250°, 
— This  is  a  dense  red  liquid,  which  emits  copious  red  fumes,  of  a 
suffocating  odour;  it  is  immediately  decomposed  by  water  into 
chromic  and  hydrochluric  acids.  Wlicn  drop{>cd  into  a  stroi^ 
solution  of  ammonia  or  into  alcohol,  it  bui-sts  into  Hame  from  the 
intensity  of  the  reaction.  If  the  vapour  be  passed  through  a  tabe 
oC  porcvhxm  heated  to  rtt\u««,  VvwUCwV  <clu»nbohedral  cryiitals  of 
snquioxidc  of  chromium  are  &>tui*i4'.  ^^el*  wjtfaUa  vn'^anram 
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pliOQS  with  tbose  of  corutidiini ;  tlicy  nro  tinril  eiioiigli  to  cut 
glass,  and  arc  of  a  Tcry  dnrtf  green  colour.  During  their  formation, 
oxygen  and  chlorine  esca|ift,  in  coimcqucncc  of  thu  followiii);  reac- 
tion; a  (CrC10J=Cr„Oj  +  CI;  +  0. 

Chlorocbromic  acid  is  aiiMlogous  to  the  chloroniolyhdic,  chloro- 
tnugHtic,  and  cIiloroHulphuric  acids  in  composition,  and  in  the  pro* 
ducts  vhich  it  jichU  nhcn  decomposed.  In  order  to  prepare  it, 
lo  parts  of  common  salt  arc  fused  with  i ;  of  chromate  of  potash ; 
the  melted  maMn,  when  cold,  is  broken  into  fragments,  and  gently 
hcatt.'d  in  a  retort  with  30  parts  of  oil  of  vitriol :  the  chloro- 
chromic  acid  distils  over  readily, 

(658)  TearLroKiiiR  op  Oiiko.mium  {CrFj=83'3)  is  ohtained 
by  diMtitling  4  parts  of  chromate  of  lead,  3  of  powdered  fluor- 
spar, and  8  of  strong  fulplmric  acid,  in  a  platinum  retort;  sul- 
phates of  lead  and  lime  arc  formed,  and  the  tcrfluoridc  distils  as  a 
deep  red  vapour,  which  by  a  low  temperature  is  reduced  to  a  blood- 
red  liquid.  The  reaction  which  attends  its  formation  may  be  thus 
reprcwnled ;  PbO.CrO,  +  3  CuF  +  4  (IIO,SOg)  =  PbO.SO,  + 
3  (CaOjSO;,)  +  4  HO  +  CrF^.  Any  other  chromate  may  be  substi- 
tuted for  chromate  of  lead  in  this  operation. 

Tcrfluoridc  of  cliroiuiuin  forms  deep  red  fwmes  of  chromic  acid 
Utc  moment  that  it  comes  into  the  air,  as  it  is  instantly  decom- 
posed by  moisture :  hy  conducting  the  vapour  into  a  moistened 
platinum  ci-ucibic  the  vessel  becomes  speedily  filled  with  volumi- 
iiona  cr}-stals  of  chromic  acid  ;  hydrofluoric  ticid  is  formed  at  the 
same  time,  and  may  be  expelled  from  tlic  chromic  acid  by  a  gentle 
heat.  Tlie  action  of  water  upon  the  tcrfluoridc  may  he  thus  re- 
presented;  CrFj  +  3  H0=CK>^  +  3  HF. 

(659)  Nitride  or  CnaoMiuM  (Cr^X^? ;  Schrottcr). — If  the 
anliydrouH  seBquichloride  of  cbromium  be  heated  in  a  current  of 
dry  ammoniacal  gas,  chloride  of  ammonium  sublimes,  whilst  the 
chloride  of  ebrominni  is  de<-()m|H>Hcd,  emitting  a  purple  light,  and 
an  insoluble  chocolate-bi-own  compound  of  chromium  and  nitrogen 
is  left.  If  it  he  heated  to  between  300"  anil  400°  in  a  current  of 
oxygen,  it  takes  fire  and  burns  with  a  beautifnl  red  light  into  oxide 
of  chromium,  emitting  nitrogen  gas  mixed  with  red  fumes  of 
peroxide  of  nitrogen. 

(659  a)  SuLfH.iTKs  or  Ciikomu'm  (Cr,0(,  3  S0,=  I96"5). — 
There  are  three  varieties  of  this  salt.  One  of  them  is  a  ffmcn 
soluble  compound,  which  is  freely  dissolved  hy  alcohol,  but  does 
uot  eryittallixc.  It  may  be  obtained  by  boiling  either  of  the 
hydrate*!  oxides  of  chromium  with  snlplinric  acii,  N.  »«<yiw^  "nxa- 
dUSaUiou,  of  a  I'wiet  colour,  may  be  procuiedi  \)J  i\ij,iai^iwvi^  *  \tt5S.* 
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of  the  green  hydrated  oitde  of  chrointum  dried  at  213°  vttb  9 
parts  of  oil  of  ritriol,  in  a  shallow  vemcl  cxpo«cd  to  the  air  at 
ordiiiary  tempemtiires.  The  mixture  gradually  absoths  water.and 
hccomcs  converted  iu  two  or  three  weeks'  time  into  a  grecuidi- 
bluc  nuus  of  crystals :  if  Uimc  cn«talt(  arc  dixaolved  in  water  tbeir 
form  a  lilue  liquid  from  which  alcohol  separates  the  salt  in  snail 
octohedra  contiiining  15  A<j.  Thi^t  modilicatioii  forma  with  uil- 
pbate  of  potash,  or  with  aulphale  of  ammonia,  a  beautiful  violtt 
double  salt  (chrome  alum)  which  eryKlnllin^  by  si)Oiita[wou&  era- 
poratioi)  iu  bold  octcihedra,  and  corrcajionda  iu  form  and  compon- 
tionloordicary  alum,theformulaof  the  poUuh-»aU  being (KO,S0,-t- 
Cr^Ojj  S()„  +  24  Aq),  tji.  {/r.  i-SafS.  The  solution  of  the  riolel 
sulphate,  when  boiled,  becomes  green ;  and  if  the  crystals  of  chrone 
■lorn  1h!  duwulvcd  in  water,  and  the  mlHtion  be  boiled,  the  plan- 
coloured  liquid  also  becomea  green,  and  loses  the  power  of  erj-atal* 
licing  ou  cooling.  If  the  violet  sulphate  be  heated  to  212°  it 
mdta  in  its  water  of  crystallization,  loses  id  Aq,  and  become*  con- 
Tcrtcd  into  the  green  salt ;  but  if  the  temperature  be  raised  to 
about  700°,  both  the  green  and  the  violet  modification  arc  rcadcrctl 
anhydrous,  and  a  third  salt  is  obtained  in  nrd  cry»tids,  which  an 
no  Iniiger  nolublc  in  water,  or  even  in  conoentratctl  acids,  or  aqua 
rt^a.  If  digested  for  a  long  time  with  water,  however,  it  boconua 
converted  into  the  soluble  form  (Scbriittcr,  Pofftfndorff's  jinHai, 
'■<■■  5'3)-  'f'B  composition  of  these  three  sulphates  would  be 
reprcHcntcd  as  follows  : — 

Red  insoluble  sulphate  .     .  Cr,Oj,  3  SO, 

Green  soluble  sulphate  .     .     .     Crp,,3  S0,  +  5  HO 
Violet  liolublc  sulphate  .     .     .     CtjO,,  3  S0,+ 15  IIO 

Several  subsulpliatea  of  chromium  may  also  be  formed. 

Niia-iTE  OP  CuaoMicu  {Crfi^^  NOJ  is  a  grocn  very  soluble 
salt ;  when  gently  ignited,  it  loses  it*  acid,  and  yields  a  brown  oxida 
of  chromium  (CrOj),  which  is  regarded  as  a  eliromate  of  sesquioxide 
of  chromium  (CrjO,,  CrOj). 

(659  b)  0\ALATKs  OF  C'nBOHiuu. — Oxnlatc  of  ammonia  gives  a 
green  insoluble  precipitate  when  mixed  with  a  solution  of  green 
seitq  tit  chloride  of  chromium,  but  if  the  liydrated  sesquioxidc  of 
chromium  bo  digested  with  oxalic  acid,  a  green  soluble  oxalate  la 
formed. 

The  oxalate  of  chromium  forms  two  remarkable  scries  of  doabk 

salts,  vis-,  dark  blue  salts,  which  form  bluish-green   solutions  in 

water  with  the  general  fonnuU  (iMOjCr^O^jjC^OJ,  and  yaraef- 

/onred  »a\Ii,  which  fona  cVetr^-tfti  wV»s;wvia'va'««s«i,tA^»s,Vw^ 
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mala  (MO.Crpj.  3  C.O,).  Tlie  Biw  pol4uh-»aU  (3  KO,Cr,Og, 
3  C^O^  +  6  Aq)  may  Ix;  obtained  by  boiling  ly  part!*  of  the  iHchro- 
malc  of  potash,  23  of  ttcutral  oxalate  of  potash,  and  55  of  crystal- 
lized oxalic  acid :  tlic  cliromic  ucid  is  rcclucwl  to  the  ataU:  of 
scsquioxidc,  and  carbonic  acid  ia  evolved  in  abundacice,  oniiig  to 
tbe  foUowing  reaction  : — 

2  {K0,aCiO,)  +  2  (2K<),C,OJ  +  7  (»  HO,C,0„)  =  ia  C0,+  i4H0 
+  a(3KO,Cr,0„3C,0,). 

The  solution  i»  evaporated  to  dryness,  Te<liagoK'e<l  in  water,  and 
set  aside  to  crystallize.  The  salt  is  dc|)o§ited  in  large  rhombic 
prisma  whicli  appear  to  be  hlock  by  reflected  light;  and  blue  by 
transmitted  light.  They  appear  greenish  vrhea  povdered,  the 
•olution  is  red  by  trniismittcd  nod  green  by  rcHcctcd  light : 
ammonia  doeH  not  precipitate  the  oxid«  of  cliromiuni  from  the 
solution ;  potash  occasions  00  precipitate  till  the  liquid  ia  boiled. 
Corre^ ponding  huUh  may  l>e  obtained  containing  soda,  ammonia,  ■ 
baryta,  strontia,  lime,  and  magnesia  instead  of  potash,  but  thcso  V 
different  snlts  vary  in  the  proportion  of  wat«r  which  tJiey  retain. 

The  Red  pola^h-sall  (KO.CrjO^,  aC»0,  +  8Aq  or  la  Aq) 
may  be  procured  by  adding  55  parts  of  oxalic  aeid  to  u  boiling 
concentrated  solution  of  1 9  parts  of  bichromate  of  potash,  carbonic 
acid  being  expelled  owing  to  the  following  decomposition :—  ^ 

a  (KO,  a  CrO,)  +  7  (a  HO.C^OJ  =  1 2  CO^  +  14  HO  I 

+  2(KO,Cr,Og,aC,Og).  | 

It  may  be  obtained  by  spontaneouji  evaporation  crystallised  in 
•mall  rhoniboidal  tables,  which  arc  dark-red  both  by  reflected  and 
bjr  transmitted  light :  the  Kalt  rci[niirH  about  j  o  parts  of  cold  water 
for  solution,  but  is  soluble  to  any  extent  in  bulling  water.  The 
concentrated  solution  is  dark-green  or  nearly  blaek  by  reflected 
light,  but  r<rd  by  transmitted  li^ht.  Potash  gives  no  precipitate 
ill  the  solution  till  raised  to  ebullition ;  neither  docs  ammonia 
cause  any  separation  of  oxide  of  chromium.  An  analogous  salt 
may  be  formed  with  ammonia  (II^NO,CrjOa,3C,Og  +  8  Aq). 

{660)    CliABACTKRfl  Of  TUC  CoUl'OUNDS  OF  CuaOUirM  : ^ 

1, — SalUof  the  ProloxiiU  are  but  little  known.  Tlicy  absorb 
oxygen  rapidly  from  the  air;  they  arc  sparingly  soluble  in 
water,  and  form  cither  red  or  blue  solutions,  which,  like  those  of 
the  protoaalta  of  iron,  absorb  binoxidc  of  nitrogen  in  lai^e  quan- 
tity, and  form  dark-brown  solutions.  With  the  protosnlts  of  chro- 
miam  potash  gives  a  brown  precipitate  of  b^Ara^ti  \ff(Afi"iJ\ftL% 
of  chromium  J   aoimonia,  a  grceuUli-wkito  lJteciJ|V^a^JC»  "«\ii<i\,">S. 
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li;droc1i1ornt«  of  ammonia  be  present,  is  rci]is»olve<t  by  excess  of 
ammonia,  forming  a  btne  liquid  vbicli  becomee  red  as  it  aburU 
oxygen.  With  miphide  of  pottat'mm  (h«y  give  a  blnok  Kul^iiiiic; 
ivnil  viiix  frrroeifanide  of  potOBtium  &  greenish -ye!  low  precipitate, 
These  salts  reduce  nolutiuTiN  of  gold  to  tbo  metallic  state,  aud  cod- 
vert  corrosive  sublimate  iuto  cnlomd, 

2. — Tlic  Sails  vf  the  SfnguioxiUe  have  a  sweetish  aetriugcrit 
tuntc,  aud  arc  poiaotious.  Tlieyare  either  green  or  violet  colotired; 
the  green  solutions  geiicmlly  transmit  a  red  light.  With  anuiKnuQ 
they  yield  a  bulky  gelatinous  precipitate  of  hydrated  )ieM)iiiotiil«  of 
chromium.  Polatk  and  Soda  give  a  green  prceipitate,  which  \t 
dissolved  with  a  green  coluur  in  excess  of  the  cold  alkaline  uolu- 
tion,  but  is  re- precipitated  completely  by  boiUng  the  liquid.  The 
carhonatn  of  the  Qlkaiita  give  a  green  precipitate  which  ■«  rcdis- 
Holvcd  by  an  excess  of  the  alkaline  liquid.  Sulphuretted  hydrogen 
gives  no  precipitate.  The  mdpkidtx  of  the  alkatine  metals  prceipi- 
tate  the  green  sesquiosidc  of  chromium,  with  escape  of  sulphuretted 
hydrogen.  If  any  of  these  precipitates  be  fused  with  mixt,  it 
yields  a  yellow  soluble  chroniatc  of  potash. 

3. — The  Chromales. — Before  the  blowpipe  they  colour  borax  and 
microco.»mic  salt  green.  When  boiled  with  diluted  sidphuric  acid, 
to  which  a  little  alcohol  or  sugar  has  been  adilcd,  they  arc  decoiu- 
posed,  and  t)ie  ehroDiic  acid  is  retluced  to  the  green  oxide  of 
chromium,  which  is  dissolved  by  the  sulphuric  acid,  and  is  pred- 
pitatcd  with  ilii  churacterititic  colour  on  ucutraliziiig  with  ammotita. 
Most  of  the  chromates  arc  strongly  coloured.  Many  of  ihem  arc 
insoluble  in  water,  but  they  are  nearly  all  readily  dissolved  by 
diluted  nitric  acid.  Their  solutions  give  a  yellow  preci|Mtaie 
with  tails  of  lead,  a  retl  witli  mlrate  of  silver,  and  an  orange  with 
SJibnilrate  of  ittercury.  When  heated  with  oil  of  vitriol  llie 
chromates  evolve  oxygen ;  with  hydrochloric  acid  they  evolve 
ehturine.  In  both  cases  salta  of  the  green  oxide  of  chromium  ait 
formed.* 

{661)  Ealiutation  of  Chrotitium,  and  Separation  from  the  Alia- 
lies  and  Alkaline  Earths. — Chromium  may  be  most  accurately 
estimated  in  tltc  form  of  sesqnioxide.  It  may  bo  easily  reduced 
to  this  condition,  even  if  it  exist  in  solution  in  the  form  of  a  chro> 
niat«,  by  acidulating  with  hydrochloric  acid,  nnd  transmitting  a 


*  Workmen  iTQgsitcd  ia  tho  msnufsctarpof  bichr«i»al«  of  potash  ore  liable 

to  thr  gruduiil  ilortmction  of  the  nnwil  hontt  and  to  the  oixunetiet  of  nlccra- 

tion  of  Ibf  Uiruai,  tu  appcnmnce  ■  jjooil  dcsl  reecinbliDg  that  oooasii.'neil  by 

seeondnry  ■rpliihi'.     nuR\l  iowi,  dl  GOTt(n\'(ci^^\\aa\olMVQ  hMn  fonail  t>> 

■t  as  ao  ciJoclual  remedy  ia  auc^  «»»i:t  (5-^w»  "i;>ii»6tV^. 
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it  of  Butphurettcd  hydrug(!n  :  tbe  liquid  must  th«n  l>c  boilnl, 

9D  the  aili)ilt(>ii  of  ammouia  to  the  bot  solution  the  oxide  of 

uiim   ia  iirccipilatMl.     It  if  to  be  well  woahcd,  am)  ignited 

Lcovcrcd  iikitiuiim  crucible;   ico  puts  of  the  auhydroua  oxido 

68-68  of  chroraiuni. 

I  Sep^tralion  of  Chromium  from  the  Earths,  and  from  Zinc, 
*.    Cobalt,   Niektl,   and  Iron   mur  be  effected    hy  fuaiug 
Btucrftl,  or  tbe  iirecipitate  obtaiued  by  ammonia  from  iln  itolu- 
|Aii  (vHd,  with  a  mixture  of  cnrlKtuntc  of  potuh  and  nitre; 
Diuiotn  is  tbuH  conrcrted  into  chromic  acid,  aiid  fbrnii  a 
ieompound,  from  whicli  the  ehrominm  may  be  procipitated 
ted  in  the  foregoing  {innignitih,  vhiUt  the  curth.t  ami  the 
!  fDCtidii  remain  in  the  iusolublc  portion,  cither  in  the  form 
or  of  carboniktc*. 


^  YUI.  Makoanksr  (Mn=i7-5}.    £^.  Or.  8-013. 

Sa)  Tlic  ORES  of  this  metal   arc  tolerably  abiin()ant,  &ai'- 

.in  (;rcatcr  or  Ivfs  quantity,  into  the  compositiou  of  a  <raat 

of  miucraU,  w  that  it  is  widely  diffused  throughout  the 

kin^lom.     The    most    impurtnnt    ami   raliinblv  ore   of 

t»e  is  the  black  oxi<le,  which   occurs  either  muMive  or  in 

crystals. 

it^nrii^-  wa^  flrit  recognised  as  a  distinct  metal  by  Gnhu 

It  is  reduced  to  the  metallic  state  with  difliculty.    The 

k1  conRist«  in  mixing  the  carbonate  into  a  jia^te  with 

mij^nr,  and  introduciDg  it  into  n  crucible  lined  with  char- 

ruisiii-il  with  «  cover  luted  on:  it  must  at  limt  he  heated 

,  lo   cxjkI  the  volatile  matters,  and  then  ignited  intensely 

ii|)lc  of  iiount   in  the  heat  of  a  forge.     It  may  thu*  be 

in    tli«   form  of  a   mctalhc    globule  which   contains  a. 

qaiuitity   of  carbon ;    tlie   carbon    >mty  be  removed   by 

motol  a  secoud  time  in  a  porcelain  crucible  with  a  little 

of   mangnnow.     A  dilution  of  chloride  rtf  innngaursu 

lids  {ilates  of  the  reduced  metal  when  suhjoetcd  to  clcctro- 

«  b  of  a  grej-ish-white  colour,  and  is  brittle,  hut  hard 
to  Ncratch  stoci ;  it  w  verj-  feebly  magnetic.     By  exposure 
air,  it  «jico<liIy  becomes  oxidated,  and  should  be  preserved 
in  wioiiNl  tulics  or  under  tiaphttia. 

ngancBtf  enters    into  combination  with    both    carbon  and 
iltLU  ftuird  with  them  :  the  carhiilc,  when  treated  with  acids, 
ft  iif  till)  carlmn  as  a  black   powder:  the  com)>ound 
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maDgBnnc  with  silicon  is  decompoiwd  with  difficult;  eroD  hf  aqas 
regis,  in  which  case  it  IcarM  a  residue  of  silicic  acid. 

Metallic  iDUiganc»e  iti  not  employed  as  auch  in  the  arts.  It 
fields  vanous  alloTs,  but  uouc  of  them  &rc  of  jnsctical  importsDce, 
ith  tbc  exception  of  its  combination  with  iron,  which  ut  lionkr 
"and  more  elnatic  than  iron  alone.  The  chief  uaca  of  the  com. 
pounds  of  mHiigancw.!  arc  chemical,  llie  peroxide  being  cxtctwixrlj 
employed  to  deoom{iose  muriatic  acid  and  furnish  chlorine.  It 
likewise  supplies  the  chemist  with  bi^  oticap<^st  Kource  of  oxy^co, 
and  is  employed  as  a  colouring  material  in  the  mainifaclure  of 
glass  and  enamels.  It  is  also  used  as  a  flax  in  tlic  preparation  of 
cant  steel ;  and  it  furnishes  a  useful  mordant  to  the  calico  printer, 
wboi  precipitated  iu  the  form  uf  brown  hydrate  uiwu  the  tihre. 

(663)  Oxides  or  Manoanese. — Manganese  fomiH  seitral 
compouuds  with  oxygen.  The  protoiii<le,  MnO,  is  a  powcrfiil 
base;  the  sesquioxide,  Mn^Oj,  is  feebly  basic;  the  red  oxide,  ■ 
compound  of  these  two,  MnOiMn^O,,  is  quite  indiHerrnt  to  the 
aelion  of  acids ;  so  also  is  the  dcutoxide  or  black  oxide,  MuO, :  but 
tbe  two  higher  oxides  hare  well'markcd  ncid  characters.  Tlie 
formDla  for  manganic  acid  is  Mn(\,  and  that  for  permanganic  add 
M&,0,.  Neither  of  these  acids,  however,  can  be  obtained  except 
in  combination  with  water  or  with  a  metallic  oxide. 

The  protoxide  (MaO=^^-^)  may  be  obtained  easily  by  ignit- 
ing  carbonate  of  mnjiganeitc,  or  any  of  tlic  higher  oxides  of  tbe 
metal,  in  a  current  of  hydrogen ;  it  is  of  an  olire-grecn  ooloai, 
and  unless  it  ha»  been  s^trongly  lieatcd,  absorbs  oxygen  from  tlie 
air;  if  ignited  in  the  air  it  burns,  and  is  converted  into  a  brosa 
ipcrior  oxide-  It  may  be  obtained  as  a  white  hydrate  by  dccom- 
^sing  a  salt  of  manganese  by  any  alkali,  but  it  immediately 
begins  to  absorb  oxygen  fruni  the  uir,  and  turns  bi-own.  It  ti 
iluble  in  ammonia,  especially  if  the  solution  contain  an  aniBO- 
ical  salt.  The  protoxide  unites  readily  with  acidA,  forming 
wcll-churaeterixerl  salts,  which  are  of  a  pale  rose  colour;  they  an 
neutral  to  litmus. 

Scfgaiomde  {Mii,Oj=79) ;  Sp.  Gr.  4-82. — This  oxide  is  found 
in  its  anhydrous  form  in  acute  octohedi'a,  constituting  brtnmUe ;  it 
OccuTi)  iiaturully  in  a  hydrHted  stale  in  mangattite  pln^O.,  UO; 
tp.  gr.  4"35),  which  ia  of  a  bJaokinb- brown  colour,  and  forms 
brilliant  prismatic  crystals.  The  sesquioxide  of  manganese  may 
be  obtained  as  a  browu  Ikydratc,  by  passing  chlorine  through  llic 
carbonate  of  the  protoxide  eusponded  in  water,  and  afterwards 
yeatoviag  the  exceaa  ot  l\ic  catXiowaXft  >l:|  'a^eAiw  (A  ^'&>a.vdv  \i{«'«. 
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C«I.  Sulphuric  acid  i1i»so1vc8  it  slowly  if  a  portion  of  tlic  prot- 
psidc  be  prcsoDt,  and  a  deep  red  Aoliition  I*  fonned  ;  livdrooliloric 
poid  in  the  oold  h1«>  forms  a  soluble  compound  nith  it;  if  these 
Boluliona  be  heated  they  are  dec^om posed,  aiirl  a  »alt  of  the  prot- 
oxide is  the  result.  When  ignited,  the  acsquioxide  loses  one 
eighth  of  its  oxygen,  and  leaves  the  red  oxide.  The  soltH  of  tltc 
BC»quioxidc  are  isomorphous  with  those  of  alumina  and  sesqiiioxide 
of  iron.  It  appear*  to  lie  the  sesquioiidc  of  mnngiuiose  that 
imparts  the  violet  colour  to  glass  to  which  the  black  oxide  ha» 
1>een  added  ;  uod  the  colour  of  the  amethyst  is  also  said  to  be  due 
to  this  oxide. 

BtHtueide,  devtox'tde,  or  peroxide  (MnO,  MnOJ,  or  (MnOj= 
143*5);  Sp.  Gr.  4'94- — This  oxide  is  the  black  inmiganese  of  cora- 
i  mcrce  and  the  pyrolusite  of  mineralogists  :  it  is  found  in  stccl-grey 
rhombic  prismit.  PnUomelaue  is  a  bluck  stulactitic  or  amorphous 
variety  frequently  mixed  with  one  of  the  lower  oxides  of  the 
metal.  Varvkilf  (Mn^O,,  2  MiiO.j.HO  ;  ^p.  Gr.  4-.53)  i«  the 
name  given  to  a  hard  lamcUated  crystalliuo  hydrate,  found  by 
1'hillips  lit  Hiirt»hill,  in  WarwiL-kshirc,  HW  is  aUo  a  hydratcd 
peroxide  of  manganese,  with  a  vai-iablc  amount  of  water;  it  is  in 
a  IcMt  eoiiipiict  form  than  psilouiclnnc,  and  is  of  a  brown  colour. 
Small  qnaiilities  of  cobalt  and  of  the  earhonatcB  and  nitraten  of  the 
eartlis  arc  fi'oqucnt  con»titucuts  of  these  ores. 

Biuoxide  of  manganese  itt  a  ;^ood  conductor  of  electricity, 
and  is  strongly  electro- negative  in  the  voltaic  circuit.  When 
mixed  with  acids  it  furniitheM  a  valuable  oxidizing  agcut.  \Vhcu 
ignited  it  gives  off  one  third  of  its  oxygen,  and  the  red  oxide  is  left ; 
3  MnO^=:(MnO,  Mn.,Oj) +  0^:  if  heated  with  concentniled  aul- 
pbaricacid,  half  its  oxvgcn  escapes,  and  a  protosulphate  Is  formed; 
MnO,+  HO,  SO,=^InO,  SOj+HO  +  0.  Wiih  hydrochloric  acid 
chlorine  is  abundantly  evolved,  and  a  protucldoridc  of  manga* 
ncsc  is  left.  Nitric  iicid  has  but  little  effect  upon  it.  Binoxide 
of  manganese  in  pnicurcd  ia  a  hydratcd  form  aa  a  reddish -brown 
powder,  when  mauganatc  or  permanganate  of  potash  is  decom- 
posed by  ail  acid.  When  the  red  oxide  is  treated  with  nitric 
acid,  II  black  hydrate  of  the  peroxide  is  left,  containing  4  MnO^ 
710.  Tlte  aaine  compoimd  in  formed  on  adding  a  aolntion  of 
cbloride  of  lime  to  s  neutral  solution  of  sulphate  or  chloride  of 
iuiingane»e. 

(664)  Commercial  Ataay  of  Oxide  of  Manganese. — Tlie  com- 
mcrctal  valnc   of  black    oxide  of  manganene  depends   ujwn  the 
proportion  of  chlorine  which  a  given  weight  of  "\l  w\ft  \vVwta\je  -wV^w 
;■*  M  heated  iritli  bydrocblorlc  acid.      This  quautvl-j  «t  AAowat 
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i-arics  mnch  in  differeiit  Himp1e«,  and  is  clepencl«nt  apon  the  pro- 
portion ofoxygfiii  which  the  oxide  of  mBngancsc  contsins  in  escea 
of  that  vhich  is  nccctvnry  to  it«  existence  us  protoxide.  A  con- 
Tcnieiit  melliod  of  estimating  this  excess  of  oxygen  is  founded 
upon  the  circumatnncc  thnt  the  bWk  oxide  of  manganese  ii 
decomposed  in  (he  presence  of  oxalic  acid  and  free  solphuric  acid ; 
protAsulphale  of  manganese  is  formed,  and  all  the  cxeeM  of  ctvga 
react*  upon  the  oxalic  acid  and  converts  it  into  carbonic  acid, 
which  passes  off  with  cffcrTDSccnee.  If  the  mixture  be  weiglied 
before  the  decomposition  ih  effected,  and  again  after  it  has  been 
completed,  the  loss  will  indicate  the  amount  of  carbonic  acid ;  and 
from  this  the  nvnilnhle  imiotmt  of  oxygen  is  readily  calculated. 
The  reaction  may  be  traced  thus:  a  MnO,+a  (IIO.SOJ  +2  UO, 
C»0,=2{MnO,80,)+4COj+4HO.  Each  e<iuival«iit  of  per- 
oxide  of  manganese  gives  a  equivalents,  or  almost  exactly  its  on 
ircight  of  carbonic  acid. 

Tlic  apparatus  of  Will  and  Preseniiu  (fig.  514,  p.  371)  is  w^ 
adsptc<t  to  the  performance  of  this  experiment  -.  100  gminv  of  the 
oxide  of  manganese  to  be  tested  is  reduced  to  an  extremely  fint 
ponder,  and  mixed  with  1  jo  grains  of  ox&lie  acid ;  the  mixture  it 
planed  ii)  the  flask,  a,  and  about  i  f  ounce  of  water  is  added :  tfae 
experiment  is  then  proceeded  with  exactly  as  in  the  method 
alreiuly  dcNeribcd  for  CKtimiiting  cnrbouic  acid  in  a  carbtHtato 
{481).  Tlie  decomposition  of  the  ore  is  known  to  be  complete  » 
eoon  t\s  nil  the  black  iwrticleii  Imvc  di^ppcarcd. 

If  the  sample  of  oxide  of  manganese  contain  a  carbonate  of 
any  of  the  earths,  as  may  be  readily  ascertained  by  the  efferres- 
cenee  which  will  be  occasioned  on  moiNtetiing  a  portion  of  the 
oxide  with  diluted  nitric  acid,  it  will  be  necessary  to  remove  this 
carbonate.  This  is  easily  done  by  washing  ttie  weighed  portion 
in  the  flask  itself  with  nitnc  acid  diluted  with  firom  16  to  M 
parts  of  water ;  a*  soon  ns  the  cffcn-csccncc  has  ct-ascd,  the  add 
liquid  must  be  carefully  poured  off,  and  the  llask  filled  up  once  at 
twice  with  distilled  water;  the  oxide  must  bo  allowed  to  subside: 
in  order  to  retain  any  suspended  particles,  the  washings  may 
be  tliroirn  uimn  a  small  filter,  which  is  afterwards  introduced  into 
the  flask,  and  the  experiment  is  then  proceeded  with  as  usual. 

The  Red  Oxide  (MuO,MojOj=  114-5)  corresponds  to  tlie 
black  oxide  of  iron  ;  it  is  formed  by  igniting  any  of  tlie  oxidca  of 
manganese  in  the  open  air:  it  occurs  uatire  in  hmitmannile, 
(tp,  i/r.  4*72)  cither  massive  or  in  foiir-sidcd  pyramidal  crj'stals 
of  a  black  colour.  The  oxide  »  *nU\bl«  in  yhos^mnc  and  in  sul- 
fbaric  acid,  but  docs  not  Vona  4etvn\Vt  »1.^»  -woii,  ssiXViix  *A  -Cbikoi^ 
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(665)  ifanffonie  Acid  {H(>,MiiO^  =  9+3r5).— ^Vllcn  equal 
weighu  of  cnuetic  potash  aud  finely  levigated  peroxide  of  mango- 
ncsc  arc  fiisctd  together,  a  aubsttaiice  is  foniied,  whicli,  when  iiis.volvcd 
in  a  sinmli  quantil;  of  water,  has  a  green  colour,  but  which,  Mlien 
lar^ly  diluted,  liecoujc*  purple,  and  ultimntely  clurut-colourcd, 
whilst  a  precipitate  of  hydratcd  binoxide  of  luangauesi?  ia  depo- 
sited. Tliis  HiihAtaricu  hiw,  owing  to  tliouc  chntigi's  of  colour,  bccu 
long  knowD  under  the  name  of  mineral  chameleon.  The  colouring 
material  is  nisnganic  acid,  which,  when  in  comhinataou  with 
ij  baa  a  green  colour:  it  is  an  unstable  compound,  and 
1^  cither  parts  with  oxygcu,  or  absorbs  a  larger  amount  of  it, 
the  latter  case  forming  a  red  compound;  aud  hence  tliesc 
<^snges  of  colour  arc  produced. 

Manganic  acid  undergoes  riipid  apontaucous  decomposition 
ttnleM  it  be  in  combination  with  some  powerful  base.  Such  a 
oompouitd  may  be  procured  by  heating  finely  powdimtl  peroxide 
of  maogancEG  with  its  own  weight  of  hydrate  of  potash,  of  soda, 
or  of  bBr}'ta.  B^chanip  beats  an  intimate  mixture  of  io  parts  of 
finely  powdered  oxide  of  mangane&c  w  ith  12  of  hydrate  of  potash, 
dries  it  in  an  iron  dish,  and  heats  the  porous  rt^iduc  to  dull 
reduces  in  an  earthen  retort,  into  the  tubulure  of  which  a  greeu 
glan  tube  is  luted;  he  theu  transmits  n  current  of  pui'e  dry 
osj^en  as  long  as  it  is  absorbed.  If  the  green  niii»s  thii^  obtained 
be  treated  with  a  small  quantity  of  cold  water,  it  ia  partially 
dissolved,  forming  a  green  solution,  from  whieh  the  mnngiuiate  of 
the  ba*e  may  be  crystallized  by  evaporating  it  in  vacuo  over  sul. 
pliurie  add.  These  cr)»tals  are  isomorphouit  with  the  corre- 
sponding sulphates  and  clmjmatcs,  Manganate  of  potash  (KO, 
lifnO,)  is  auhydrous,  and  readily  soluble  in  water.  Manganic 
aad  has  a  very  intense  colouring  power :  thia  fact  enables  manga- 
ncsc  in  very  minute  quantity  to  be  detected  before  the  blowpipe  ; 
the  materia]  Nupponetl  to  contain  it  ia  fused  upon  plntimim  foil 
with  a  litdc  carbonate  of  potash  or  of  soda :  if  any  trace  of 
manganese  be  pixMtent,  a  green  colour  ia  imparled  to  the  fuaed 
nuas. 

The  mctigaiiates  are  vei7  unstable ;  they  are  decomposed  by 
bailing  their  solittiona.  In  the  aolid  form  they  arc  readily  decom- 
posed by  elevation  of  temperature,  and  oxygen  is  evolved;  an 
cxceas  of  potash  renders  the  salt  more  stable :  organic  matter 
also  readily  abstracts  oxygen  from  tbem.  Their  solutions  must 
not  even  be  filtered  through  paper.  Sulphurous  and  phoa^horaos 
acids  readily  rvducc  the  maiigajiatcs  to  a  salt  of  Y'roto'sX&c  cil  nvui* 

V   til. 
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I  gnncsc ;  sulphurous  acid  and  mangauate  of  potash,  for  exua; 

I  produce  the  following  muU : — 

■  KO,MdOj  +  2  SO,=MnO,SO,  +  KO,SO,. 

^H  (666)  Permanganic  AcUl  (H0,Mn,0j=9+lli)- — If  avolutioo 

^^  of  maiigauatc  of  potash  be  largely  diluted  with  water,  the  colow 
chaiigi-A  from  givoii  to  violet ;  the  inaiigniiic  acid  posses  to  n  higher 
state  of  oxidation,  and  permanganate  of  potash  ia  formed. 

Tins  salt  maj  he  prepared  bjr  mixing  intimately  4  parts  of 
finely  pondered  peroxide  of  maoicanefic  with  3}^  parts  of  chlomte 
of  potash ;  5  part*  of  liydratc  of  potash  arc  dissolved  in  a  small 
quantity  of  water,  and  added  to  the  n)ixt)ire,  which  in  dried  aiid 
reduced  to  powder,  and  then  hcatnl  to  dull  rodncss  for  an  boar  a 
an  earthen  crucible  (Gregory).  'VVIien  cold,  the  nuw  w  trcatnl 
with  water,  and  filtered  through  a  funnel  plugged  with  aabestos; 
the  solution,  iifter  Inking  ncutrulized  uith  sulphuric  icid,  on  «x%- 
poration  irHclds  Wautifal  red  acicular  crystals  of  permanganate  flf 
potash  (KO,MujO.).  If  a  solution  of  mangunatc,  prepared  b^ 
B&hamp's  process,  be  decomposed  by  transmitting  a  current  of 
carbonic  acid  until  the  green  eotonr  has  been  eonrcrtcd  into  red, 
very  fine  crystals  of  the  permanganate  are  obtained  on  evapo- 
rating the  clear  liquid  after  de<«ut«tion  from  the  precipitated  oxide 
of  ninnganesc.  The  crystals  of  the  pennanganate  are  isomorpboai 
with  those  of  pcrchlorate  of  potash;  they  require  about  16  portt 
of  cold  water  for  solution. 

Permanganate  of  potash  is  in  certain  cases  a  uwfnl  oxidizing 
agent :  it  may  be  employed  to  detect  the  occurrcnccof  sulphurons 
&cid  in  solution  in  sulphuric  or  10  hydrochloric  odd  ;  snlphnrou 
acid  quickly  deoxidizes  it  and  destroys  its  colour  if  present. 
Neutral  solutions  of  the  sulphides  and  the  penlathionatca  quickly 
di«;linrge  the  colour  of  a  solution  of  pcmiaogauate  of  pota»li,  and 
a  simikr  effect  is  produced  by  acid  solutioott  of  the  sulphites, 
hyposulphites,  tetriithionate*,  sulphocytinidcs,  and  nitrites.  Tbc 
Ii-ithiotiate.'i  produce  the  same  eOect,  but  more  slowly.  Acidulated 
solutions  of  the  protosult<  of  iron  and  of  tin,  of  the  t>.ul>oxide  of 

t  mercury,  of  (eroxide  of  antimony,  and  acid  solutions  of  arsenious 
acid,  likewise  decolorize  a  solution  of  permaugaimte  rapidly.  A 
solution  of  this  salt  constitutcii  a  tcst<liquid  which  may  be  very 
usefully  employed  in  many  cases  of  volumetric  analysis,  as  already 
exemplified  in  the  instance  of  the  ores  of  iron  (651). 
Itic  pcrmanganalts  arc  much  more  Ktablc  than  the  maugs- 
kiiEcs;  their  soluttous  may  l>c  )>oiIcd  without  nudei^iug  decom- 
a'tion.     Organic  maltci,  \w«CTCt,  w«iK«w*  ViiCft,  -^MvtA  >Jwi 
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IPd  oonUincd  Id  the  ncid,  snH  reduces  it  lirel  to  manganic  acid 
I  ihcii  Ui  the  I)ini)xi(3e  of  thp  invtnl,  which  is  procipitntorl  in  floc- 
t  !•  rt  hydrate :  their  solutions,  therefore,  must  not  be  fillpred 
(h  pA]>cr,  hut  throitgh  a  fnnuvl  loosely  plugged  with  as))i»to^ 
igiiiteil,  oxygen  is  given  off,  and  n  niaiiganate  is  repro- 
),  which,  if  the  Iicat  be  too  great,  is  in  turn  decomposed  with 
Iter  extrication  of  oxygen,  ^foot  of  the  perniaiiganateH  are 
iaoluhle  iu  water;  the  permanganate  of  eilror  is  the  least 
of  these  aalbt.  If  coucentnitetl  nohitions  of  |iermtuiganat« 
ah  and  of  nitrate  of  silver  bo  mixed  tO};ethor,  a  red  crystal- 
langnnate  of  silver  a  deposited.  It  may  be  employed 
prupnratiou  of  the  other  permatiganatcs ;  if  it  be  levigated 
ttvr,  Olid  mixed  with  a  aolutioii  of  the  chloride  of  the  metal 
eh  the  permanganate  is  required,  double  decomposition 
(and  chloride  of  silver  is  formed,  whil'rt  the  desired  pcr- 
ite  is  obtained  in  solution.  In  this  way  the  permanga- 
'  baryta  may  be  proeurcd,  and  from  it  the  pcrmangniiie  ncid 
olitniried  in  solution,  by  the  cautious  addition  of  diluted 
ric  arid,  so  long  as  any  precipitate  is  produced  :  on  evapo* 
it  mny  be  obtained  na  a  brown  iiartially  crystalline  mass, 
very  aolahio  in  wafer :  its  solution  is  decomposed  hy  mere 
>n  of  the  temperature;  at  n  little  beyond  100°  F.  hyilrated 

of  nuutpitnese  is  deposited,  and  oxy^n  gas  escapes, 
hy)    Praliiimlphiiif   of  !Hanganf»e   (MnS+i-Aq)  is  obtained 
lowish-rcd  hydrate,  by  precipitating  a  salt  of  the  protoxide 
Irotulpluitc  of  ammonia.     Tlie  presence  of  traces  of  iron, 
or  nickel  renders  it  black  :  it  speedily  becomes  oxidized  by 
to  the  air.     A  crystalline  sulphide  may  )»  obtained  in 
rhotnhic  prisms,  by  heating  the  hydratcd  scsquioxide  in  the 
iif  biKnIpliide  of  carbon.     A  native  sulphide  of  mangancMi 
nrmnlly  met  with,  as  mantjanetf  blende,  of  a  brawnish.hlack^ 
colour,  and  fcchlo  metallic  lustre     The  other  sul- 
lof  mnni;nne«e  have  nut  been  accurately  examined. 
S8)    Cuu)Hiues    op    ^UxoANEBC. — Three  chlorides  of  this 
^inay  ho  ubtaioed :  n  jtrotochloride,  n  sesquichloride,  and  a 
"'1    r'l.) :  but  there  is  some  doubt  as  to  the  composi* 
<-om|>ound. 
ttodtloride   of  Mauganeat   {MnCl+4  A(i=63  +  361. — ^This 
'))tnincd  abundantly  as  a  waste  product  in  the  prepa- 
rine,  hy  acting  on  the  black  oxide  of  the  mctid  :  the 
racajioi,  and  tlie  chloride  of  manganese  is  dissolved.     If 
I'  <  riited  to  drii'neea,  rodisaolved  in  water,  and 

^  bulk  be  precipitated  by  means  of  carbonnto  1 
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of  noda,  on  impure  carbonate  of  mangmicM  i«  obtained.  If  \im 
pre£i|)itate,  after  it  tias  beeit  well  washed,  is  boiled  vilh  the 
remaiiidfr  of  the  solution,  tlic  whole  of  the  iron  will  tx-  prccipilaltJ 
in  Die  form  of  |>erosi(U-,  nhile  oxide  of  man^uei^i?  lakes  its  place, 
and  carbonic  add  is  espellcd,  leanug  a  Eolutioo  of  chloride  cl 
mAugADKw:  freed  from  all  inelsltic  iinpnrilies  excejit  cobalt  tad 
nickel.  A  still  better  process  coHsisu  in  concentrating  aeolatioD 
of  the  cnidc  chloride  hy  ova|)or«tton,  to  expel  Uie  cxcie«»  of  aciti,  and 
af»rwards  diluting  with  water.  A  current  of  sulphurcttol 
Lytlrogen  is  transniittol,  hy  which  the  iron  is  reduced  to  the  »tatt 
of  protoxide ;  the  manganese  may  then  be  obtained  free  from  ira, 
nickel,  and  cobalt  by  suspending  freshly  precipitated  sidphide  of 
manganese  in  water,  and  adding  it  to  the  liquid  as  long  as  tlie 
fi'csh  portions  of  sulphide  become  blackened ;  the  mangancK  dii> 
places  the  other  metiiU  front  lliiir  solution,  and  ihey  are  predfi 
tated  as  black  hydratcd  sulphides:  for  example,  rcCI+IIO,MnS 
=MnCl  +  nO,  FcS.  On  evaporation  the  chloride  of  maugaueit 
crystalliKcs  in  a  tabular  form  with  4  Aq.  It  is  of  a  delicate  (nai 
colour  and  slightly  deliquescent;  by  heat  an  anhydrous  cldoriile 
may  be  procured,  which  h  soluble  in  alcohol,  and  crystallizes  witb 
two  equivalents  of  alcohol. 

A  at^quichtoriile  may  be  obtained  in  solution  by  acting  on  the 
sGsquioxido  of  manganese  with  cold  hydrochloric  acid :  it  is  of 
a  dark  brown  colour:  it  mui't  be'  concentrated  by  cvaporatioa 
in  vacuo. 

The  Ptrchloride  MdjCL^F  (Bumns]  is  obtained  by  disKolriif 
permanganate  of  potash  in  oil  of  vitriol  and  uhling  fused  chloride 
of  »odium  in  small  portions  at  a  time :  it  is  a  prceuieh-rcllow  gaij 
which  condenses  at  o^  ¥,  to  a  greeuish>brown  liquid.  'Die  fumes 
in  a  moist  air  assume  a  purple  colour  from  the  formation  of  p«f- 
mangiinic  iicid  :  water  diioonijioses  it  instantly,  forming  a  red  solo 
tion  of  permanganic  and  hydrochloric  acids.  It  is  probable  thst 
this  oomjwuud  is  au  oxychloride  of  tlic  metal,  somewhat  analoggoi 
to  ebloFOchromic  acid  (657). 

Flm/ridrs  of  mangimcse,  corresponding  to  each  of  these  chlo- 
rides, have  been  formed. 

(669)  SuLPBATE  OF  Manoavbse  (MnO,SO^+5  Aq=75'5+.45) 
is  obtained  for  the  u»c  of  the  calico  printer,  by  digesting  the 
binosidc  in  diluted  sulphuric  acid,  in  order  to  remore  the  car- 
bonntes,  then  hentiii);  the  oxide  with  oil  of  ritriol,  evaporating  to 
dryness,  and  gently  igniting  the  residue  to  dccomi>o»e  tlie  sulphstc 
of  iron,  which  docs  not  icaist  so  high  a  temperature  as  the  sid- 
phBte  of  manganese.    On  i\\gcs\.\tt%  vVt  laiaa,  *S\«  S,v  \«»  Vshsm 
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cool,  in  water,  llie  wHljiIinte  of  niimganvNC  U  dissolved,  and  maybe 
obt&iDcd  ia  ciTstals  by  evaporation:  it  crystallixes  below  ^i"  witb 
7  Aq ;  between  45*"  and  68°  witli  5  Aq ;  fuid  between  68°  and  86" 
with  4  Aq  (Brandca).  It  forra»  a  double  salt  with  siil)ilii>l(!  of 
potub  (MiiO,SO,  +  KO,SOj  +  6Aq),  which  is  isoraor^ihous  with 
the  conrespoiiding  double  sulphate  of  magneeiik 

Thi:  s«squisulpbatc  of  mangancHc  caiiaot  be  obtained  in  crya- 
taU,  but  it  forma  a  duuhle  »a.It  witli  sulphnte  of  pota:ili,  which 
cryitnllizt.'s  in  octohcdra  (KO.SOg  +  MnjOj,3  SOg  +  24  Aq),  and  oor- 
reaponda  in  form  and  comjioititioD  with  common  alum. 

Cakeionate  op  Masoanese  (MnO,CO„=57-_;}. — The  anhy- 
drous carbonate  forms  the  nuUvc  yfimgaitete  xpar,  and  frt-quently 
accompanies  spathic  iron :  the  artificial  carlranate  may  l)0  obtained 
as  a  wbiU;  hydratu,  a  {MuO,CO.)  +  HO,  on  precipitating  the  chlo- 
ride by  a  carbonate  of  one  of  the  alkalies :  it  becomes  brownish 
by  drying. 

(670)  Cbahacteiis  or  tbb  Salth  op  Masoanese. — The  salts 
of  the  protoxide  are  the  only  salts  of  mangiiiic&e  of  iiuportaiice ; 
they  arc  of  a  delicate  rose  colour,  and  have  an  astringent  taste. 
Witb  polaufi  and  with  soda  their  solutions  yield  a  white  precipitate 
of  bydratod  protoxide,  which  absorbs  oxygen  rapidly,  and  becomes 
brown  by  expoiiurc  to  the  air.  AmmOHta  givc»  a  similar  prccipi' 
tate,  which  is  soluble  in  excess  of  the  animouiacal  liquid,  e^peeially 
when  it  contains  cliloridc  of  nmmouiiim ;  the  solution  absorbs 
oxyj^u  quickly,  and  deposits  a  brown  hydrated  peroxide  of  man- 
ganese. Tile  carboHttlpi  of  the  aikalU-a  give  n  wliito  precipitate 
of  carbonate  of  manganese,  soluble  in  chloride  of  ammonium. 
With  hydrojulpfiaie  0/  ammonia  u  characteristic  flesh-coloured 
bydnited  3ulpht<ie  of  manganese  is  formed,  whicti  liecomci  brovrn 
by  exposure  to  air.  Sulphttreltcd  hydroycn  gives  no  prcci])itato 
in  the  sohitiona  of  manganese;  but  a  neutral  solution  of  acetate 
of  mauj^ancse  is  partially  precipitated  by  tliis  gas.  Ferrocyamdv 
f^polastium  gives  in  neutral  solutions  n  white  precipitate  soluble 
ia  acidd;  in  neutral  solutions /emt/cyattic/c  of  potassium  produces 
a  brown  precipitate.  Mr.  Cruin  has  pointed  out  an  extremely 
delicate  test  of  the  presence  of  manganese  in  the  reaction  which 
occurs  if  a  compound  of  manganese  be  luixcd  with  diluted  nitric 
add,  and  a  little  peroxide  of  lead  be  added :  on  boiliug  the  mix- 
ture, the  red  colour  of  pcrmangauic  acid  is  produced  by  a  tiiice  of 
manganese  whidi  is  too  small  to  be  otherwise  recognised,  ii^ore 
Ike  l/hwpipe,  when  fused  on  platinum  wire  ot  icfA,  tiUXv  »,  VvCwi 
airljonute  of  aoih,  the  oimpounds  of  maQg&uc^  Igwc  *  tftTS  ^'*' 
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roctcriatic  blatsh<grecQ  opaque  bead :  a  licad  of  borax  or  of  micro- 
COMinic  Malt  becomes  violet  in  t)ic  oxidising  flame,  if  maoganese  be 
present;  the  colour  disappears  in  the  lediicing  flame. 

(671)  Ealimation  nf  Mangantse,  tmd  Srparaiion  from  tkt 
Alkaliet. — Manganese  is  generally  estimated  in  analysis  ia  tbe 
form  of  the  red  oxide  of  ntaiigiiuesc,  which  ei>utuin»  737  jwroent. 
of  the  metal.  For  tlu-i  pur^iose  it  ia  precipitated  from  a  boiling 
solution  of  its  salts  bj*  carbouatc  of  potash  or  of  soda ;  the  prc- 
oipitiited  ciirlxiniite  i.->  well  niulied  and  then  heated  to  redness,  by 
wliich  carbonic  acid  is  expeUcd,  sud  the  red  oxide  is  pTOdiici^  b; 
ftbsurption  of  oxjgfii  from  ihc  air, 

Separalion  of  Maiiganese  from  the  Alkaline  Earths. — The  solu- 
tion must  be  rendered  Lcnrly  uciitrul,  and  tndrcaulphate  of  am- 
monia addeil,  wbieh  precipitates  tlie  mangiutese  as  sulphide:  the 
sulphide  miut  then  be  roili^olvcd  in  hydrochloric  aciil,  precipitated 
by  earbunatv  of  ]>oliL-<b,  and  the  manganese  estimated,  after  ignitiou, 
as  red  osido.  It  is  however  apt  to  retain  some  portions  of  the  earths 
when  tbnx  «-j«irated.  The  oxide  must  therefore  be  again  rcdiv 
solvcd  in  hydrochloric  acid ;  chloride  of  ammonium  mu»t  )k-  added, 
and  then  a  mixture  of  ammonin  and  curboiiiite  of  ammonia  in  excea, 
by  which  the  manganese  will  be  held  in  solution ;  but  if  limi-,  baryta, 
or  stronlia  be  prweut,  tlic  wirtlis  will  remnln  undiawlved  in  the 
form  of  carbonates,  which  must  be  collected  on  a  filter,  irdgbcd, 
and  deduetctl  from  the  weight  of  the  oxide  previously  obtained. 

tieparalioH  from  Zinc,  Cadmium,  Cobalt,  and  Nickel. — The 
solution  is  mixed  with  acetate  of  potash  in  excess  to  convert  the 
metals  into  acetate,  then  sulphuretted  hydrogen  is  transmitted ; 
the  ninnganesc  rcmaius  in  solution,  whilst  the  other  metals  arc  pre- 
cipitated a.1  niilphide*  if  the  solution  ia  only  faintly  add. 

If  cadmium  alone  is  preseut,  the  addition  of  aoctatc  (^  potash 
is  uuneeensHry. 

Si-paratioH  from  Iron,  Chromium,  Uranium,  Alumimim,  and 
Chtcinuin.—'Shis  is  readily  effected  after  converting  the  iron  into 
a  pcr^nlt  and  diluting  the  solution  largely  with  water,  bydigesdng 
it  upon  finely  levigated  carbonate  of  baryta,  ^fangwiese  alone 
remains  in  the  liquid,  the  other  oxidcit  l>eiiig  displaced  by  baryta. 
The  excels  of  baryta  is  removed  by  sulphuric  acid,  iu)d  the  man- 
ganese prci^ipitatcd  by  cnrbonntc  of  soda. 

Manganese  is  conucctcd  by  isomorpbous  relations  with  s  great 
nunil>cr  of  the  elementary  bodies.  Its  protoxide  ia  isomorplious 
with  the  magncsian  group :  its  sesquioxide  is  isomorpbous  with 
alamitm  and  the  se«t^uiuxidi»  of  \coa  and  chromium.  Tbe  man- 
jaaatcs  are  iaomorphous  invtU  V\\c  uvA'gWtft*,  w^^  *&«  ynraaa,^ 
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BAtCB  iritli  the  pcrcliloratcs.  It  docs  not,  Iiotrercr,  hence  follow 
that  I  atom  of  mt-Ullic  mangiitie»c  in  isdmorpliouit  with  i  atom  of 
tnagncsism,  of  aluminam,  or  of  sulphur ;  and  that  s  atoms  of 
the  metal  arc  iiiomoTphous  with  i  atom  of  chlorine,  of  bromine, 
or  ioiiinc :  because  we  know  that  metallic  ainc  is  not  iaoraor[)Iiou8 
vitb  iron,  although  their  Halts  arc  usiinJIy  considered  to  he  iiso- 
morphous. 


CHAPTER  XV. 


QBOtrP  V. — CKKTAIX   MBTAL3  WHICU    rORll   ACinS   WITH   OXVCRN. 

$  1.  Tin  {Sn=59).  Sp.  Cr.  7-292. 

(673)  Tnis  beautiful  metal  is  one  of  tho«e  which  have  been 
longest  kuDWQ  to  man,  as  it  is  mentioned  in  the  Books  of  Mosc:i. 
Tra,  however,  is  met  with  in  hut  few  localitiw.  lt»  only  ore  of 
importance  is  the  dentoxide,  or  tin'Stone,  which  occurs  crystallized 
ia  priitmit,  isomorphous  with  those  of  titnnic  acid.  It  is  usually 
foaad  in  veins,  runninf^  tiirou^U  primitive  rocks  of  porphyry, 
grattite,  or  eluy-«lato,  and  is  genemlly  miu^^lcd  with  the  snljihidea 
and  arscDiilca  of  copper  iiiiil  iron,  and  frei)iieiitty  also  with 
wolfram.  The  most  celebrated  tin  mines  arc  those  of  Cornwall, 
which  were  worked  before  tliu  Roman  invasion ;  they  furnish 
■nnualiy  upwards  of  (Scoo  tons  of  the  metal.  Tlic  mincn  of 
Malacca  also  yield  n  very  pure  tin :  the  metal  1^  likewise  obtained 
to  a  smaller  extent  from  Mexico,  The  tin  veins  in  Cornwall  are 
frequently  ai»ociiileil  with  those  of  copper,  and  they  run  almost 
invariably  cast  and  west.  The  tin  ore  is  often  met  with  in  alluvial 
iwiU,  whither  it  has  been  carried  from  it»  original  position  hy  the 
action  of  water.  In  this  ca-se  the  ore  occurs  in  detached,  rounded 
moML-s,  and  is  very  pure,  constituting  what  is  termed  tlream  tin. 
The  position  of  the  veins  is  frequently  traced  hy  following  the 
stream  towards  its  source,  up  to  the  point  where  the  ore  cca.<tes  to 
be  found ;  a  careful  examination  of  the  viciuity  generally  leads  to 
tbc  discovery  of  the  vein. 

(673)  Extraction  0/  Metallic  7^n.— In  order  to  extract  the 
metal  from  the  ore,  it  iit  subjected  to  a  series  of  operations, 
some  of  which  arc  of  a  mechanical,  and  othcra  of  a  chemical  cha- 
raetcr.     They  roa^  }te  cLiMified  thus; — 

i.—S/ampinff  and  KoiAing,  to  remove  tbt  catlVj  ksA\\^^« 


586  EXTRACTION   OP  MCTILLIC  TIK. 

portions,  a. — Roatlitig,  to  decompose  the  prrites  aod  get  rid  of  tbc 
arsenic  and  sulphur.  5. — Waahlng,  to  (li»w>lv«  out  sulpbate  tA 
copper,  and  carry  off  tbo  oxide  of  iron.  4. — Reduction,  by  whidi 
tite  tiu  U  HCpnruti^^  from  tlic  oxygon  and  the  gangut,  or  earthy 
matter.     5. — Rejittmg,  or  liquation,  and  boiling  viitli  green  nood. 

l.~Tlifi  purer  portions  of  the  ore  arc  first  picked  out  by  hand; 
the  residue,  coiisisiiuj;  chiefly  of  tiu-atoue,  with  the  earthy  itnpu* 
ritice  of  the  matrix,  mbccd  with  arsenical  coppiT  and  irou  pyrites, 
passes  to  the  stamping  mill,  where  it  i»  reduced  to  a  coarse  powder. 
This  powder  is  then  huddled  and  wasted,  to  remove  the  lighter 
impurities. 

2. — The  heavier  portion,  however,  still  retains  11  couridcrable 
quantity  of  ikrsculcui  iron  and  copper  pyrites.  The  next  operalioo 
18  iatcnded  to  get  rid  of  these  substanoes;  with  this  view  the 
washed  ore  w  roasted  in  a  rcvcrbcratory  funtace  until  tlie  arsenie 
and  a  good  deal  of  the  sulphur  ar^  expelled,  and  the  ore  becomes 
courvrled  into  yellowish -brown  ponder ;  this  procc»  nsually  lasts 
aboat  twelve  hours.  Duriug  tliis  roasting,  frequent  stirring  it 
neocseaiy  in  order  to  expose  fresh  surfaces  freely  to  the  air.  By 
this  means  the  iron  pyrites  is  decomposed,  and  is  coiiTerted  itiUi 
sulphurous  acid  and  peroxide  of  iron;  tlio  arsenic  is  expelled  u 
arscnioiiN  acid,  und  I  be  greater  part  of  th«  sulpliide  of  copper  ii 
converted  into  sulphate  of  copper ;  this  conversion  is  completed 
by  expo»uig  the  mass  in  a  muisteued  state  to  the  iiir  fur  some 
days. 

3. — The  sulphate  of  copper  is  then  dissolved  out  by  lixirialion; 
after  wbiefa  the  principul  part  of  the  peroxide  of  iron,  as  it  is  much 
lighter  than  the  oxide  of  tin,  is  got  rid  of  by  washing. 

4, —  The  washed  ore  is  now  rrady  for  reduction.*  In  order  to 
attain  this  object  it  is  mixed  with  from  one  fifth  to  one  eigbtli 
its  weight  of  powdered  anthracite  or  of  charcoal,  and  with  a  small 
proi>ortion  of  lime  to  facilitate  the  fusion  of  the  siliceous  gangiw, 
which  still  remains  mingled  with  tlie  ore.  The  mixture  baring 
been  rendered  dump,  for  the  ])urpose  of  preventing  the  Ruer  particles 
from  being  carried  away  by  the  current  of  air,  is  iutroduccd  into 
the  reducing  furnace.  This  is  a  reverberatory  furnace  with  a  low 
arch  or  crowu.  The  cliarge  having  been  placed  upon  the  hearUi, 
the  doors  arc  closed  up  and  the  heat  is  gradually  nii.'>«d  fur  Sro  or 

*  'H'hc'n  niiicli  wolfram  is  eoatainvd  iti  the  ore  it  is  Minetimcs  t\i»iiA  vith 
Mrbonnti;  of  iiodn  before  prooi-eilmg  \0  llie  reduction ;  th«  lun^stii-  iioid  is 
tiiu*  removed  in  the  fonn  of  lunfntato  of  sods,  wkicL  is  citntrti'd  by  vnust, 
tatA  i*  Boinetinii'*  employed  iu  calico  prinliDg  s*  s  mordsiit ;  it  h»a  lalvly  sIm 
Wrn  npniiod  to  muMin  dttwca.Vi  ^«\etA  ^uwl.  \t<j»  Vmxuo^  with  uainr. 
tbotiJd  they  Iinppeu  to  tak«  fiift. 
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bU  hours ;  the  biooxicte  of  tin  is  thus  reduced  by  the  c&rlwa, 
before  the  teiiipemturc  rises  Iiigli  cuougli  bi  cause  tbe  oxid«  to 
fuse  nith  the  silica,  with  wUich  it  vould  form  an  enamel  difficult 
of  retiiictiou.  Towards  the  end  of  the  operatioQ  the  licat  is  raJoed 
until  it  bcoomes  very  intense ;  the  slags  arc  thus  rendered  fluid, 
sod  the  reduced  nictol  subsides  to  the  bottom,  and  is  allowed  to 
Ttia  off  into  cast  irou  jiaii!!,  front  which  it  ia  ladled  off  into 
moulds ;  but  the  ingots  thus  obtained  arc  by  no  means  pure. 

5. — ^Tbey  are  therefore  next  submSltcd  to  a  process  of  Uqualion, 
irhich  consists  in  heating  the  ingots  to  incipient  fusion,  upon  the 
bedof  areverberatory  furnace  :  the  purer  tin,  being  the  raorefusiblo 
Iportion,  gradually  melts  out  and  leaves  an  alloy,  whicli  has  a  higher 
[melting  point.     This  h-ss  fusible  portion  when  rcmcltod  forma  the 

fierior  variety  called  block  tin.    The  tiu  which  has  run  out  of  the 
ingoto  is  dmwD  oiT  into  a  second  pan  in  which  the  metal  is  gently 
being  kept  iu   a  eitatc  of  fusion  by  a  fire  underneath ; 

:re  it  is  agitated  briskly  by  thrusting  into  the  mass  stakes  soaked 
lin  water;  the  steam  ihu*  produced  as  it  bubbles  up  through  the 
noltcu  metal,  carries  the  dust,  slag,  and  other  mechanical  impuritic* 
to  the  aurfaoc.  After  this  treatment  has  been  continued  for 
sbout  three  hours  tlic  metal  is  allowed  to  remain  undisturbed 
for  a  couple  of  houn;  it  is  then  skimmed,  ladled  out,  and  cast 
into  ingots  for  the  market.  The  portion  contained  iu  the  upper 
half  of  (he  pau  is  the  pnrci^t,  as  owing  to  the  low  dcimity  of 
|tiu,  and  its  tendency  to  separate  from  its  alloys,  it  rbes  to  the 
surface  The  finest  quality  of  the  metal  is  frequently  heated  a 
Koond  time  to  a  temperature  a  little  short  of  its  melting  jtoint ; 
■t  this  high  temperature  it  becomes  brittle,  and,  if  allowed  to  fall 
from  *  height,  it  break*  into  irregular  prismatic  fragments, 
wbidi  are  known  as  dropped  or  grain  tin.  The  splitting  of 
[be  mwM  into  thc!W  frngmenbt  is  «  rude  guarantee  of  tbe  purity 
of  tbe  metal,  since  impure  tin  does  not  become  brittle  in  this 
Znaaner. 

;  Ou  the  continent  the  stream  tin  is  frequently  retluced  in  small 
blast  furnaces  termed  by  the  French  fourneatix  a  manche  ;  the  fuel 
used  in  this  case  is  charcoal.  Tlio  tin  which  is  imported  from 
Baoca  is  almost  ehcmicalty  pure.  English  tiu  usually  contains 
imall  quantities  of  arsenic,  copper,  iron,  and  lead,  and  often  tracer 
iDf  gold. 

AVhea  required  in  a  state  of  perfect  purity,  the  metal  may  be 
>btained  by  means  of  <roltiiic  action.     For  this  purpose  a  con- 
Kutnited  solution  of  crude  tin  in  hydrochloric  acVi  '\&  '^accWw  ^ 
cr,  and  watev  w  cautiously  pourud  iu.  mlWuX.  ivs\.\iiv»aife 
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the  dense  solution  below.     If  «  bar  of  tin  Iw  phitiipd  tnlj 

Ikliiid,  beautiful    prismntic   cTTStals  of   pure    tin    arc   gnl 

depocdted  ou  tlic  bar  at  tlio  point  of  juiictioti  between  tltc  oJ 

wintion  and  tbe  iratcr.  I 

(674)  ProjMTtif*. — Tin  ia  a  white  metal  with  a  tioge  of  ]i 

and  a  liigli  metallic  liwtrc.      It  is  rather  soft,  and  is  fctjU 

able,  but  ia  dirticicnt  in  tenacity.     At  a  temperature  of  abon 

its  <luctility  IB  considerable,  and  it  amy  theu  be  easilj  dran 

wire.     lu  a  laminated  state  it  is  well  known  aa  tinfoil.     If] 

,  of  tin  be  bent,  it  emits  a  crcakbig  sound,  a  property  wIucL  1 

EBcaaes  in  common  with  cadmium ;  if  bent  several  times  10  nO(l 

backwards  and  forwards,  it  becomes  scajtiblj  but  at  the  M 

flexure.     These  effects  depend  u]»n  a  mechanical  alteratioB  I 

relative  poaitioa  of  its  molecules,  and  tlicir  mutual  frictioo.  I 

when  handled,  eommunicntett  a  jiecidiar  odour  to  the  lingni.1 

a  tolerably  good  conductor  Iwlh  of  heal  and  electricity.     II 

at  441°,   according  to  Cricliton  {or  451**,  Person),  bat  I 

sensibly  volatilized  in  the  furnace.     It  may  be  obtaified  {■ 

t»U  by  slow  cooling  after  fuisiou.     Tin  i*  but  alowlj  latubfl 

exjtosure  to  the  air  and  moisture  at  ordinary  temperatuTM 

L  expowd  to  the  air  at  a  high  teinjicrature  it  1>ceonic«  imH 

r  TcrtCfl  into  the  binoxide  and   bums  with  a  brilliiuit  ^If 

I^itric  acid  of  sp.  gr.  1-3  acts  upon  it  riolently,  jind  proM 

'    insolnblo  hydrated  binoxide  of  the  motal  known  m  meiafl 

F   acid ;  at  the  same  time,  owing  to  tlic  deeomposilioD  of  V 

considerable  c|uantity  of  ammouia  is  formed,  which   cntfl 

L  combination  with  the  excess  of  acid.     Strong  bydrochloHl 

T  «ben  heated  ni>ou  tin,  dissolve*  it  gnulually  with  eiindaf 

liydrugco.     Aqua  regja.   If   not  too  conccntrsled,  diMoM 

L    metal  and  convert*  it  into  the  bichloride,     nilutrd  *u)pbv| 

\   is  without  action  on  the  metal  in  the  cold  ;  but  if  the  cuoofl 

acid  be  boiled  upon  it,  the  tin  iKComes  eonverud  into  arf 

while  sulphurous  acid  escapes.     The  hydrates  of  potash  am 

iict  ujHin  tin  at  high  tempcraturce,  hydrogen  being  erolrafl 

I   a  soluble  metostannate  of  tlic  alkali  is  formed.  1 

Owing  to  its  brilliancy,  and   its   ptiwer   of  raittstiBf  4 

fttmosphcric  chatigcs,  tiu  is  largely  cni[ili>ycd  as  a  oootiag  npJ 

more  abundant,  but  more  oxidiud>ltt  ntctals,  to  protect  tbenJ 

use.     Iron  and  copiM^r  are  1  "  ^  •  "Ifl 

tinning.     In  India,  tin  is  uj^.  >i^| 

nrticlcB  by  way  of  omami^nt  j  tlic  tm  l  i  ^| 

lir|Hid  i*  iLgitaledin  :>  •  "  it  ha*  b  -  ^| 

thus   procured   it  '<  :,   bv  ru'i  r^| 
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coarM^r  jxrlicU-s,  am!  i.t  maOe  into  n  thin  paste  with  glue;  it  u 
thcu  applied  iii  the  tlesircd  pattern;  when  perfeclly  dry  it  is  bur- 
nished, and  afterwards  vnrni^hud ;  its  brilliancy  b  thus  prcocrvcd 
□Qchan^^. 

(675)  Tin  Plate. — ^Tlic  ordinary  process  of  tinning  iron  differs 
from  tlic  foregoing  one,  aiid  h  far  ttiure  important  in  its  economical 
rcsalts.  In  tin  plate  an  actual  alloy  of  the  two  metals  is  formed  upon 
the  surface  of  the  iron,  the  cjilerual  surface  being  pure  tin.  For  the 
manufacture  of  tin  plate,  the  best  charcoal  iron  is  required.  After 
the  iron  hiw  Ixjen  rolled  and  cut  into  sheets  of  suitable  thickness 
and  sine,  its  surface  is  made  chemically  clean.  For  this  purpose 
the  sheets  arc  immersed  for  four  or  five  minutes  in  a.  mixture  of 
sulphuric  acid  and  vater;  after  which  they  are  rained  to  a  red 
heat  iu  a  rertrberatory  furniicc ;  they  are  then  »ritliilrawn,  allowed 
to  cool,  and  hammered  flat.  In  order  to  detach  from  them  all 
the  scales  of  oxide,  they  arc  pa«.sed  betvccn  polished  rollers,  and 
as  they  emerge  they  are  phiu^d  one  by  one  into  a  mixture  of 
bran  and  water  which  has  become  sour  by  exposure  to  the  air ; 
here  they  reniuin  for  some  hours,  and  are  thence  transferred  to  a 
vessel  containing  a  mixture  of  diluted  sulphuric  and  hydrochloric 
acids;  lastly,  they  are  scoured  with  bran,  and  plunged  into  pure 
water  or  limc-wator,  where,  if  the  surfaec  be  clean  on  immersion, 
they  Riaj  remain  for  any  length  of  lime  without  rusting:  these 
preliminary  steps  arc  necessary  in  order  to  secure  a  clean  surface, 
89  the  tin  will  not  mlhcrc  tu  an  oxidated  or  even  a  du»ly  plate. 
In  aome  works  the  plates,  after  they  have  been  scoured,  are 
further  cleaned  with  hydroi'hloric  acid  holding  zinc  in  Kulution, 
and  then  dipi>e<I  into  the  melted  tin  in  the  manner  about  to  be 
described. 

The  platca  having  beeu  iirrparoil  by  either  of  the  foregoing 
processes  are  next  pluugcd  one  by  one  into  a  large  tcsscI  of  melted 
tallow  free  from  »alt,  and  after  remaining  there  for  an  hour  they 
are  imraorsed  in  the  bath  of  melted  tin,  ivhieh  is  prc'crvtd  from 
oxidation  by  n  stratum  of  grciisc  three  or  fuur  inches  thick.  Here 
tbey  remain  for  about  an  hour  and  a  half,  they  arc  then  withdrawn 
and  allowed  to  drain.  After  this  they  are  plungeil  into  :i  second 
bath  of  pure  tin,  and  the  excess  of  tin  is  removed  by  again  beat- 
ing them  iu  a  bath  of  tallow :  the  tin  melts  and  runs  down  to  the 
lower  olge  of  tlie  plate ;  when  cool,  this  thickened  margin  is  finally 
reduced  by  dipping  the  edge  of  the  plate  once  more  into  tin  kept 
at  a  temperature  much  above  its  melting-poiut ;  the  heat  quickly 
fuses  the  8ui>erRnous  metal,  which  is  then  dctacVci  V'j  ^wto^^m^ 
plate  a  ^larjt  blow.    Tiu  plutc  is  sometimes  moAe  to  ctAvCVwX  *\»r»sJA- 
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fill  crystaniae  spiiearooce,  known  under  the  tenn  noir^  mitalii^w. 
A  roixtiire  of  3  parts  of  nitric  acid,  with  2  of  hydrochloric  Bcid,  U 
made  with  4  of  water:  the  tin  plate  is  gently  heated,  atiil  the 
liquid  spread  evenly  over  with  a  sponge ;  tbe  crystsls  gradually 
appear.  The  plate  is  thcu  plunged  into  water,  dried  quickly,  aud 
Tariii-xhed.  Different  coloured  varuishes  are  used  to  vary  the 
effects. 

Tinning  of  copper  is  the  same  in  principle,  hot  is  a  aimplcr 
operation  than  the  tiuning  of  iron ;  the  surface  of  the  raebJ  ii 
rcndereil  dean  by  nihhitig  it  while  lieateil  with  sal  atnmoinM; 
when  quite  bright  the  copper  is  sprinkled  with  a  little  roein  to  pre- 
vent oxidation,  and  melted  tin  i*  then  poured  on  and  spread  otct 
the  surface  witb  tow  by  the  workman,  who  keeps  the  article  cob> 
stsntly  at  a  high  teni|ierntiirc ;  the  )(Ui>CTlitious  tin  \»  wiped  off 
with  the  tow.  Tbe  addition  to  the  tin  of  one  fourth  of  its  wnghl 
of  hiad  renders  the  operation  more  eiiity,  as  the  alloy  is  more  per- 
fectly liquefied.  Pins,  which  are  nia<le  of  brass  wire,  are  tinued 
by  boiling  them  for  n  fow  minutes  with  a  solution  containing  I 
part  of  crwim  of  tirlnr,  3  parts  of  uium,  and  1  of  common  «ilt  in 
1 2  parts  of  water,  with  a  quantity  of  granulated  tin  :  in  the  conrae 
of  a  few  minutes  a  briltiiint,  white,  clowly  adhering  coat  of  tin  it 
deposited  upon  tbe  surface  of  the  pins, 

(676)  The  ttUtnjt  of  tin  which  arc  employed  in  the  aria  arc 
nameroiis.  SrUattnia  Metal  is  one  which  is  a  good  deid  used  for 
making  tr-apot;*  and  sjwoiis  of  a  low  price ;  it  eoDaUts  of  equal 
parts  of  brass,  tin,  antimony,  and  bismuth.  Pewter  u  aooUier 
alloy  of  this  description  ;  both  of  these  j)o<>&i7»s  considerable  mal- 
leability, pewter  beinj;  iiitfrmediute  in  hardness  between  lead  and 
Britannia  metal.  The  bust  pewter  consists  of  4  pans  of  tin,  and 
I  of  lead.  Another  alloy,  whieh  in  intermediate  in  properties 
between  pc«tcrand  Britannia  metal,  is  called  Quetn'a  metal ;  it  is 
tued  for  the  manufaeture  of  teapots  and  common  spoons.  It 
consists  of  9  parts  of  tin,  i  part  of  antimony,  i  of  bismuth,  and  i 
of  lead.  PlumlwT^  tolderw  an  alloy  of  tin  and  lead  wbichismore 
fusible  than  pure  lead :  ^Jte  soldo"  consists  of  3  ports  tin  and  t 
of  lead  ;  common  solder  of  equal  parts  of  lead  and  tin ;  and  coarst 
solder  is  comixised  of  2  of  lead  to  1  of  tin.  Tin  and  rinc  form  a 
bard,  wbitc  alloy ;  if  the  two  metals  he  fused  together  in  equal 
proportions,  ibc  n^nlting  coiuponnd  is  nearly  as  tough  as  brass. 

Tin   forms  several   important  alloys  witb  copper.      Speculum 
metal,  u»ed  for  the  niirrom  of  reflecting  tetc&eopes,  conaista  of  i 
patt  tin  and  2  copper,  or  (,St\Cii^\  ■.  it  is  of  »  steel-white  colour, 
extremely  bard,  brillle,  and  »tt»c«,\l^;\\Ae  qI  h.  \»^  \&X«!u.   T!Nwi 
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proportions  of  the  ronfttitucnts  of  speculum  metal  recommetiileil 
b^  different  aiitlioritiL-s  Ttirj',  and  sc>iiiclimc>>  ii  small  (jimutity  of 
aracnic  its  added  to  tlie  alloy.  Bell  metal  conRiAU  of  about  78  of 
copper  and  21  of  tin,  or  (CtiSn).  Gun  metal  contaiufi  only  9  or  10 
per  cent,  of  tin.  Broiure  coiitainii  less  tin,  willi  iisitally  an  nddi- 
tioq  of  5  or  4  per  cent,  of  zinc.  Bronze  admits  of  a  peooliar 
kind  of  tempering.  If  it  be  annealed,  and  allowed  to  eool  slowly, 
it  becomes  hard,  brittle,  and  elaatie;  but  if  cooled  suddenly,  it  may 
be  bammcriKl,  and  vorkcd  at  tbc  latlio;  this  property  i<  taken 
advantage  of  in  the  iuan»tiu!tiire  of  artielca  with  tliia  alloy  ;  they 
are  wrought  in  the  soft  Ftate,  and  arc  afterwards  hardened  by 
■oMadiitg.  I^e  efieot  of  sudden  cooling  upon  bronze  ia  therefore 
just  the  reverse  of  that  which  is  produced  by  it  upon  stccl.  These 
alloyi)  of  Ofippcr  and  tin  are  muoh  harder  than  copper  itself,  and 
eonsidcrably  more  fusible.  The  melting  point  of  copper,  accord- 
ing to  Dani4;II,  i»  1996°;  but  uu  alloy  of  tin  and  copper  containing 
6'6  per  cent,  of  tin,  fused  at  1690*;  and  one  with  113  per  cent, 
of  tin,  at  1534°  F.  Tbwe  alloys  have  a  upecific  gravity  greater 
than  the  mean  of  that  of  tlic  metals  which  enter  into  their  com- 
poaidon.  They  resist  oxidation  in  the  air  more  completely  than 
copper. 

An  ineonveutcncc  in  the  use  of  the  alloys  of  copper  and  tin 
ariw»  from  the  circuniitaiice,  that,  when  melted,  the  two  nietiLls, 
owing  to  their  difference  in  density,  have  a  tendency  to  separate 
from  each  other,  even  after  they  have  been  well  incorporated  :  the 
tin  accumulates  in  the  upper  portions  of  the  melted  mass,  where 
it  forms  a  more  fusible  alloy.  It  is  therefore  very  difficult  in  large 
CMtiiigs  to  obtain  a  masa  of  metal  the  composition  of  which  is 
uniform  throughout. 

The  Amalgam  0/  Tin  and  Mercury  ia  employed  for  the  silver- 
ing of  mirrors.  In  oider  lo  npply  it  to  the  glass,  a  sheet  of  tinfoil 
is  spread  evenly  n|)o:i  a  amonth  slab  of  stone,  which  forms  tho 
top  of  a  table  carcfolly  levelled,  and  surrounded  by  n  groove,  for 
the  reception  of  the  wuperflnon*  mercury.  Clean  mercury  is 
poured  upon  the  tinfoil,  and  spread  uniformly  over  it  with  a  roU 
of  flanocl ;  more  mercury  is  then  poured  on  until  it  form-t  a  fluid 
layer  of  the  thickness  of  about  half-a-crown ;  the  surface  is  cleared 
of  impurities  by  passing  a  linen  cloth  lightly  over  it ;  the  l)latc  of 
glass  is  carefully  dried,  anil  itn  eilge  being  made  to  dip  below  tlia 
surface  of  the  mercnry,  is  pushed  forward  cautiously ;  all  bubbles 
of  air  arc  thus  excludu<l  as  ic  glides  over  and  adheres  to  tlie  aur- 
faoe  of  the  ama1|;am.  Weights  are  then  placed  u^ou  ^^itt  i^w*, 
mad  the  atone  it  gently  incliucd  so  as  to  allow  l\vc  eixe's*  o^  teis.x- 
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CMTj  to  dmn  off;  the  [ilatc  is  then  covered  with  floniid,  and 
londcd  witli  wci);IiU  for  24  hours,  at  the  end  of  wliich  time  it  it 
placed  upou  a  woodtii  tabic,  the  iDclmation  of  which  in  iuercased 
frout  day  to  ti&y  until  tlie  mirror  a^uines  a,  vertical  position :  li 
about  a  moQtli  it  is  sufficiently  drained  to  allow  the  Diinx>r  lo  be 
framed.  The  amulj^am  usually  coutaius  about  4  parts  of  tin  to 
1  part  of  mercury. 

Scvcnd  of  lite  coni{)OUiids  of  tia  arc  employed  in  tlie  artL 
The  binoxide  ia  used  to  some  estciit  in  the  preparatiou  of  enamels, 
and  both  the  chlorides  of  tin  arc  substances  of  great  importance 
to  the  dyer  and  the  calieo  printer. 

(677}  Oxides  or  Ti.v. — With  oxypcn,  tin  forms  two  prindind 
couiiioundR,  the  protoxide  and  the  biuuxide,  besides  some  inter- 
mediate  oxides  of  minor  importance. 

Protoxide  of  Tin  (8110=67)  ia  obtained  as  a  white  hydrate, 
(SnO.llO),  by  pouring  a  solution  of  tbc  protochloridc  of  the  metil 
into  one  of  carbonate  of  soda  or  potash  in  excess ;  the  carboaw 
ucid  escapes  with  effervescence.  When  moist,  this  hydrate  absorbs 
oxygen  from  tlie  air,  but  not  when  dry.  By  iguition  in  closed 
veueU  filled  with  nitrogen  or  with  carbonic  add  it  becomes  anhy- 
drous. The  anhydrous  protoxide  may  also  be  obtained  hydcoota* 
poking  tbe  protoxal.ite  of  tin  by  beat,  in  closed  vcsseU.  If  liealel 
in  the  open  air  it  glows,  and  is  converted  into  the  bitioxidc.  If 
the  hydriited  oxide  be  itiiiled  with  a  nolution  of  potash  in  excess,  il 
is  (lihsolved,  and  in  a  few  days  metallic  tin  is  separated,  peroxide 
of  the  metal  remaining  in  solution.  If  boiled  with  a  weak  solu- 
tion of  potash,  ill  quantity  iusufScieut  to  dissolve  the  oxide,  it 
becomes  unhydroiw,  uiid  is  cunverled  into  »  mass  of  bluek  crystal- 
line needles ;  these  needles  when  heated  decrepitate  powerfully, 
increase  in  bulk,  and  are  converted  into  an  olive-brown  powder- 
By  evaporating  down  a  solution  of  sal  animuuiac  containing  by- 
dratcd  oxide  of  tin  in  mispension  until  the  sal  ammoniac  begiiu  to 
crystallize,  the  oxide  of  tin  becomes  anhydrous  and  asautoca  a 
])rilliaut  scarlet  colour,  which  however  by  friction  disappears,  and 
becomes  brown.  The  hydrated  oxide  is  readily  dissolired  by 
acids,  but  the  anhydrous  oxide  ia  more  sktwly  acted  upon  by 
them. 

(678)  Binoxidi:  of  Tin  (SnOj=7j;  Sp.  Gr.fi-y^)  occurs  natire 
in  the  auhydrotia  fonn,  and  constitutes  tlie  only  ore  of  tin  that  t« 
worked.  100  parts  of  it  contain  78*66  of  the  metal.  Il  is  met 
villi  crj'stallised  in  wpiaie  prisms,  which  are  hard  enough  to 
scmk'li  glass;  they  h&ve  usuallj  a  brown  colour,  owing  to  tbe 
Dreicncc  of  peroxide  oJ  iroa  01  ^  maai^Mwwt.    \\.\i»\\««Ow!iJ»i.'Yaj 
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acids,  bat  if  heated  with  an  alkali,  it  enters  into  comT>ii»tioii  with 
it,  and  fonnsa  noluhle  cnrupound. 

In  its  h^dntcd  condition  binosidc  of  tin  has  the  characters  of 
a»  acid,  and  form*  two  remarkahlc  ^-arictics,  which  have  been 
termed  respccUTcly  mctastannic  and  atanuic  a«id»  (tVtmy,  Ann.  de 
Chimit,  III.  xxiii.  393).  Like  the  mctaphosphoric  aud  [iho»plioric 
acida,  they  require  caeh  a  diScrciit  ainouni  of  baxo  for  saturation, 
the  stannic  acid  combining  with  the  greatest  proportion  of  base. 

Jl/e/aWdiuiic  ^rid  (Ht),SnjO,n  +  4  Aq)  is  rcaiiily  procured  by 
treating  metallic  tin  nith  nitric  acid;  t-iolcnt  at-tion,  attended 
vith  extrication  of  nitrous  fames,  occur*,  and  the  tin  is  converted 
into  a  »hito,  crrstalline,  insoluble  mass,  which  v*  hydrated  meta- 
Kannic  acid  ;  after  washing  il  with  cold  water,  the  acid,  when  dried 
in  air,  consists  of  Sn,Oj^,io  HO  (Freray).  In  this  state  it  reddens 
litmun  paper  ;  when  dned  at  313''  it  loses  half  its  water,  and  by 
ignition  hecontcs  anhydrous,  aud  of  a  pale  bnlT  colour:  in  this 
form  it  pom-Mcs  the  properties  of  the  native  oxide,  and  cotiKti- 
tutes  the  putttf  pttwder  employod  for  polishing  plate;  it  is  also 
largely  tised  for  giving  whiteness  and  opacity  to  enamela. 

In  its  hydratcd  condition  metastanuic  acid  is  inralable  in 
nitric  acid;  concentrated  sulphuric  acid,  when  heated  with  it,  dis- 
•olrcs  it  freely  and  forms  a  conijioiiDd  M>luble  both  iu  water  and 
in  alcohol ;  by  boiling  tlic  solution  it  is  decomposed,  and  the  two 
■ads  arc  separated.  Hydrochloric  acid  combines  with  it,  hut  docs 
not  diMtolve  it;  the  compound  is  soluble  in  pure  water,  but  is 
reprecapitatcd  on  the  addition  of  nctd  in  cxccsi,  or  on  txiiling  the 
solution.  Mcbftannic  acid  ia  freely  solnble  in  solutions  of  potash 
a&d  of  soda,  aa  well  as  in  solutions  of  their  carbonates,  but  it  \»  not 
dissolved  by  ammonia,  nnlesa  recently  precipitated  from  a  cold 
solution  of  its  nalts  by  the  addition  of  an  acid  ;  the  precipitate  is 
not  Botablc  in  ammouta  alWr  it  haa  been  Iwiled.  The  mctastan- 
tiatc«  are  not  cryatallizable,  and  arc  precipitated  by  adding  caustic 
potash  to  their  aqueous  soluttun  ;  the  granuhir  precipitate  may  be 
drained  ugxin  a  tile,  and  dried  at  260°.  The  iH)tiiNh  suit  has  a 
strongly  alkaline  reaction;  it  consists  of  (KO,Sn(Ojo+4  Aq).  The 
metaatannate*  of  the  alkalies  can  only  exist  iu  the  liydrated  condi- 
tSoo  ;  if  strongly  heated  they  are  decomposed  and  become  insoluble  ; 
when  the  residue,  after  ignition,  is  treated  with  water,  metastanmc 
acid  is  left,  whilst  the  alkali  is  dUsolved.  ^Ictastatniic  acid  may 
be  recognised  by  tlie  beautiful  golden-yellow  colour  which  it  yields 
when  its  hydrate  is  moistened  with  protocblondo  of  tin,  owing  to 
the  formation  of  metanlnnnato  of  tin  (Su0,Sn^O^y-V^  N.c(^,  Tbb 
only  Btetattaauatca  which  ore  soluble  arc  tUoricul  ^a»\v au^  w^^  t 
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iixcf  arc  prccipitntetl  in  the  gelatinous  state  from  tlunr  eolntioDS 
by  the  addition  of  almost  an;  of  the  neutraJ  salts  of  hkU,  pota»li, 
or  ammonia. 

(679)  Sfamic  Acid  (HO.SnOJ.— Tliis  Tariety  of  the  liydmted 
oxide  of  tin  may  be  procured  by  precipitating  a  solatioo  of  bichlo. 
ride  of  tin  by  ainmonta,  or  still  better  hy  adding  to  tlie  soltitioa 
of  the  bichloride  a  quantity  of  an  insoluble  carbonate,  such  aa 
chalk  or  carbonate  of  bar>'ta,  insufficient  for  ita  entire  tlecompou- 
tion ;  it  is  thus  separated  as  a  gclatinoua  precipitate,  which  roay  be 
readily  washed  clean  :  when  dried  in  vacuo,  the  composition  of  the 
hydrate  is  (HO.SnOg).  In  this  state  it  is  freely  soluble  in  hydiO' 
chloric  acid,  with  which  it  rciirodnct^s  bichloride  of  tin  ;  it  is  also 
soluble  even  in  diluted  sulphuric  acid,  but  the  stannic  acid  is  sepa- 
rated on  boilinj;.  Nitric  acid  dissolves  it  freely.  Stannic  aeid  is 
uhle  in  the  euld  in  solutions  of  potash  and  of  soda,  but  not  in 
mouia ;  by  a  heat  of  284*  it  is  convcrtwl  into  mctaatanitic 
acid,  lu  combination  with  the  alkalies  it  forma  compounds  which 
crystallise  readily,  especially  from  solutions  which  contain  an 
exccw  of  alkali.     Their  gciicnd  fonuulii  i*  MO,SnO,. 

The  soluble  stanuatcs  have  a  powerfully  alkaline  reaction; 
they  absorb  curbonie  acid  from  the  air  when  in  nolation,  and  are 
precipitated  by  solutions  of  most  of  the  salts  of  potash,  soila,  and 
ammonia. 

Stannate  of  Poiaah  {KO,SnOj+ 4  Aq)  is  eauly  prepared  by 
heating  any  form  of  peroxide  of  tin  with  excess  of  caustic  jtotaah ; 
oil  dJMolving  and  evajiorating  the  product,  transparcot  oblique 
rhombic  prisma  arc  formed.  Vi'iica  heated  to  redness,  the  stannate 
of  potash  may  be  reTidered  anhydrous.  Stanaalt^  0/  Soda  (NaO, 
SaOf +4  Aq)  may  be  prepared  in  the  same  way  as  the  stannate  of 
potash.  It  crj'stnlliiccM  with  facility  in  iiix-xidcd  tables,  when  a 
nulution  saturated  at  about  100°  F.  is  heated  to  the  boiling  point, 
as  it  is  more  soluble  in  cold  than  in  hot  water.  Thi$  stannate  is 
now  largt-ly  prejiarcd  aa  a  mordant  for  the  use  of  the  dyer  and 
calico-printer.  It  form*  the  basis  of  what  is  technically  known 
as  tin-prepare  liquor.  Copper  is  quickly  tiiined  by  a  solution  of 
this  salt. 

Slannale  of  the  Protoxide  of  Tin,  or  Seaqiiioxide  qf  Tin  aa  it 
was  formerly  called  (SnO,SnOj),  may  be  prepared  aa  a  slimy  grey 
hydrate,  soluble  in  nnimonia,  by  boiling  pure  hydrated  ses4|uioxide 
of  iron  with  a  solution  of  protochloridcof  tin;  protochloride  of  iron 
remains  iu  solution,  2SnCI  +  Fc,0,=  3  FeCl  +  SnO.SuO..  It  is 
soluble  in  ammonia  and  alao  in  hydrochloric  acid  ;  ttie  latter  solu- 
.  tioa  gives  a  ptirplo  precipitate  'K\^ii  *n\^a  cS  i^i^i. 


(68o)  Tlie  ScLPHiDES  op  Tin  arc  three  in  number, — the 
protosu]phi<lc^  the  bisulphide,  utd  the  scsqiiunilphidc :  the  latter 
is  nnimjiorUtnt. 

Tlic  Prolostilphide  (8118  =  75)  ™^y  '^  procured  by  fusing  the 
tnetnl  vrith  sulphur,  when  it  forms  a  bluish-grey  crystalliue  inaas, 
easily  diM^olvcd  by  melted  tin  ;  it  may  citso  be  obt&incd  by  passiug 
Bulplturclt«il  liydri'^n  through  a  protosaltof  tin  iu  solution,  when 
it  falls  as  a  chocoIatc-brown  hydrate.  It  i§  soluble  in  bisulphide 
of  ammonium,  and  in  the  Hulphtilos  of  the  alkaline  meUls,  if  ihcy 
contain  au  excess  of  sulphur.  Protosulphidc  of  tin  combines  with 
the  anipliide*  of  the  dcctro-iiegutive  metal*,  such  a»  ar«cnic  and 
antimony.  Hydrochloric  acid  dissolves  it  with  extrication  of  sul- 
phuretted hydrogen. 

The  Sesqtthnljihide  (Sn^S^)  may  be  prepared  by  mixing  the 
protosulphidc  with  one  third  of  its  weight  of  sulphur,  and  hculing 
to  dull  redness;  it  i^  only  partially  soluble  iu  hydrochloric  acid. 

The  BUuiphuItr  q^  T^n  (SuS^=9i)  is  known  as  Mosaic  gold ; 
it  forms  a  l)eautiful  yellow  llaky  compound,  which  is  obtained  by 
preparing  an  amalgam  of  ij  parts  of  tin  and  6  of  mercury ;  this 
iti  reduced  to  ]>owder  and  mixed  with  7  parts  of  sublimed  itidphur 
and  6  of  sal  ammoniac.     This  mixture  is  introduced  into  a  flask 
with  a  long  neck,  and  ia  heated   gently  so  long  as  any  smell  of 
sulphuretted   hydrogen   is  perceptible;  the  temperature   is  then 
raised  to  low  redtiet*.* ;  calomel  and  cinnabar  arc  sublimed,  and  a 
»caly  mass  of  bisulphide  of  tin  remains.     If  the  heat  ho  pushed 
too  far,  part  of  the  sulphur  is  expelled,  and  the  opcrutiun  fails: 
the  sal  ammoniac  appears  by  its  volatilization  to  moderate  the  heat 
produced  during  the  sulphuratiou  of  the  tin,  which  would  otbcr- 
wise  rise  so  high  as  to  decompose  the  bisulphide.     Bisulphide  of 
tui  is  used  in  the  arts  to  imitate  bronze.     Aqua  regin  is  the  only 
acid  thut  dccomi>oses  it,  but  it  is  readily  soluble  in  the  alkalies. 
A  hydratcd  bisulphide  of  tin,  of  a  dingy  yellow,  is  produced  by 
passiug  sulphuretted  hydrogen  through  a  solution  of  the  persalts 
of  tin.     This   hydrate  is   readily   dissolved   by  hydrosulphate  of 
ammonia,  evolving  sulphuretted  hydrogen :  it  is  also  soluble  iu 
the  alkalies,   and  in   Itot   hydrochloric  acid.     With   sulphide  of 
sodium  it  form.-'  a  «alt  which  may  be  obtained  iu  yellow  crystals 
con^iitiitg  of  3  NaS,SnS^-|-i2  Aq. 

The  bisulphide  fuses  when  chlorine  is  passed  over  it ;  6  equiva- 
lents of  tlic  gas  are  absorbed,  without  the  aid  of  heat,  and  a  ydlow 
crystalline  compound  is  obtained  which  may  be  considered  as  a 
combination  of  \  atom  of  bichloride  of  tin  witii  %  alotn*  iA\i\^sJ»ft- 
ridc  of  ftilphur,  StiClg,  2  SC\^, 
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{681)  CiiLOKtsES  OP  TiK. — ^lln  fomu  with  chlorine  two  com> 
pouDds,  SnCl,  and  SnCl,,  wliicb  corrcspoBd  in  ooDipositiou  wilh 
the  s»l[ihidc^  of  the  melal. 

Prolochioridt  of  Tm  (81101=94,5).— The  hydrate  of  Um 
salt  may  be  obtuineii  by  diKSolving  tin  in  liydrochloric  acid.  Tbii 
•oliitioa  is  usually  effected  on  the  large  Bcalc  in  copper  rcssfcls, 
since  the  voltaic  opposition  of  tlic  two  uietaU  favours  tlie  solutioo 
of  the  tin  :  on  evapontting  the  liquid  till  it  crystalUxcs,  prismttie 
iKcdIcs  are  formed  (SnCN- jAq;  Sp.  Or.  2759)  ;  by  •  beat  of 
21 3"  it  uiay  be  rcudcred  anhydrous,  but  it  generally  loses  a  po^ 
fion  of  hydrochlorie  acid  nt  the  Mtmc  time.  T1>e  protochloridc  ia 
decoiiii>03ed  if  mixed  with  a  large  quantity  of  water,  hydrochloTW 
acid  n-'uiaiuK  in  solution,  and  a  wliitc,  Lydratcd  oxycldoridc  (SnCl, 
SdO  -t-  2  Aq)  subudea.  When  expo»ed  to  the  air,  ia  crystaU  ot 
in  solution,  the  protochloridc  absorbs  oxygen  and  forms  a  mixture 
of  bichloride  and  oxychloride  of  tin.  Protoclilonde  of  tin  has  a 
strong  affinity  both  for  chlorine  and  for  osygen ;  it  tberefiiR 
acta  as  a  |)owerful  reducing  agent.  TIiuh  it  deoxidized  completely 
the  salts  of  mercury,  of  silver,  and  of  gold,  .\dvantagc  is  some- 
times taken  of  this  circmnKtance  in  tlx^  aiialytieal  dctenuination  0^ 
the  quantity  of  mercury,  since  all  the  sails  of  mercury,  whea 
hoih-d  with  the  protuchloridc  of  tin,  arc  (lecon)pui>«d,  and  yield 
their  mercury  in  a  metallic  form.  Sulphurous  aci<l  is  likewise 
depriveil  by  it  of  its  oxygen,  producing  a  yellow  precipitate  of 
hiaulpliide  of  tin  when  mixed  with  a  iiolntion  of  the  salt.  Proto- 
chloridc of  tin  rcduccv  the  metallic  acids  in  the  salts  of  cbromii^ 
tungHtic,  niolyhdic,  arsenic,  antinionic,  and  manganic  acidH  to  a 
lower  state  of  oxidation ;  it  aku  converts  the  jiersalts  of  iron  into 
prutoaalts,  and  the  protoaalta  of  copper  into  salts  of  the  red  oxide. 
Protochloridc  of  tin  is  extensively  employed  aa  a  mordant  by  tho 
dyer  and  calico-priutei-,  umlcr  the  name  of  »alU  0/  /in,  and  they 
aleo  UM  it  for  deoxidizing  indigo  and  the  peroxides  of  iron  and 
maugancse.*'  It  forms  double  cldoridcs  with  many  of  the  chloridea 
of  the  metals  of  the  alkalica  and  alkaline  earths ;  these  double 
salts  arc  capable  of  ery»talli2ation. 

The  anhydroua  protnchloride  or  l/ullrr  of  tin  may  l>e  procured 
by  disliUiiig  a  mixture  of  equal  weights  of  tin  tilings  and  corrosive 

•  Tho  proportion  of  protoohloridp  of  tin  avulakle  for  thu  pnn>OM>  in  sny 
iiwnplp  mny  be  dctwmined  by  Penny's  method: — A,  lolatioa  01  a  wciahra 
■joanlit)' of  tiu^  protcidiloridn  in  hydrvvhlorii:  avid  it  tKben.  aud  a  »tiuii).anl 
»uluttuo  uf  bii'hrumalp  uf  potntii  in  nddrd  until  n  drop  of  the  liquid  vshta 
tailed  with  ncotale  of  I<«d  jtivc*  a  ynlloiT  prrripitnte.  i>hoi*'iaj;  that  t£«  ohromio 
Mtsid  ia  00  IoDj^>r  reduced  ■,  lUe  T«aci.ion  tnaj  b«  Uina  iodicatod ; — 
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-suMimnte;  IIg01  +  Sn=SnCl  +  IIg:  it  rcmBins  hcliind  a-t  n  grey 
brilliant  niafui  with  n  Wtreuus  fnictnrc ;  at  k  full  red  heat  it  may 
be  distilled.  Oa  passing  a  current  of  chlorine  over  it,  ht-at  and 
light  are  wolrcd,  wid  the  bichloride  of  tin  is  fonncd. 

(682)  likhloride  of  Tui  (SiiC\=i3o);  Sp.Gr.of  vapovr,^!  ; 
^  liquid,  ^'J,h^  at  33°;  Boiiing  pi.  339*'5- — Tliin  compound  may 
be  prepared  either  by  passing  dry  chlorine  over  melted  tin,  or 
by  mixing  4  porta  of  oorrouve  subHtnstc  with  1  part  of  tin  filiogt: 
on  the  application  of  heat  a  colourless  liquid  distils;  2  IlgCt-f  Sn 
yielding  SnClj  +  3ng.  It  emits  dense  white  fntncs  when  ex- 
posed to  the  air:  when  mixt^l  with  vtati-r,  iittcntic  heat  ia  evolved, 
and  B  hvdrate  is  formed ;  this  compound  crj'stRllizes  in  rhombo- 
hcdra  (SiiCl,  +  1  Aq),  when  it  is  allowed  to  form  sjiontaneously,  by 
atlnieting  moisture  from  the  air :  but  though  freely  soluble  in 
B  small  quantity  of  water,  copious  dilutioa  causes  the  precipitation 
of  hydratod  stannic  acid,  and  hydrochlorie  acid  is  set  free.  Bi- 
chloride of  tin  is  readily  soluble  in  water  actilulated  with  liydro- 
ebloric  acid.  When  its  aqueou-t  aolution  is  mixed  with  a  solution  of 
the  sulphate  ofone  of  the  alkalies,  hydratcdbinoxidc  of  tin  is  preci- 
pitated; SuCIj +4  HO +4  (NiiO.SO^)  Incoming  SoOj,  iIIO  +  aNa 
Cl  +  2  (NaOjlIO,  2SOj),  bisnlphato  of  the  alkali  remaining  in 
Bolutiou. 

The  bichloride  of  tin  forms  numerous  double  salts  with  the 
■oIdUc  clikirides  ;  the  compound  with  chloride  of  jiotasaiuni  crys- 
talliics  in  anbydrouf>  oetohedra,  KC!,Su(!L;  a  similar  constitution 
holds  in  the  corresponding  nnimonincal  salt  (H,XCl,Sii('t^),  which 
is  the  pink  vail  of  the  dyer.  An  impure  bichloridcof  tin  is  largely 
used  by  the  dyers  under  the  name  of  nitromuriate  of  tin,  or  com- 
potiiioa;  it  is  generally  prepared  by  di^fiolving  tin  at  a  gentle  heat 
iu  a  mixture  of  nitric  acid  and  sal  ammoniac. 

The  other  salt«  of  tin  arc  uniniportaut. 

(683)  Cii-ULnrtKiw  or  Tii«  Salts  or  Tix. — Tin  forms  two 
series  of  salta,  the  salu  of  the  protoxide  and  the  salts  of  the 
binoxide  :  the  bichloride  of  tin  is  the  only  salt  of  the  latter  class 
that  has  been  minutely  examined. 

I. — The  Prolotallt  of  Tlfit  arc  nearly  colourless;  with  the 
exception  of  the  chloride,  they  are  not  often  ])reparcd ;  they  have 
a  powerfully  astrinj^nt  taste  ;  when  in  solution  they  abwrb  oxygen 
rapidly  from  the  air ;  when  largely  diluted  with  water  the  solution 
bccomn  milky,  but  it  is  rendered  clear  by  a  small  excess  of  hydro- 
ciilonc  acid.  TJic  ^rd  alkalies  produce  a  viWvUi  y^'^^V'^''*  ^'''^ 
Aj-dnted  protoxide  of  tin,  which  is  soluble  ift  c\cii»&  o^  'i^^'i  «Suii*i 
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bnt  on  boiling,  part  of  the  oniclc  is  deposited  as  a  black  ajstsl- 
line  powder.  Ammonia  gives  u  white  Iij'draU^d  oxide  of  tin,  but 
the  precipitate  ia  not  rediesolvcd  \>y  an  ciccsb  of  ammonia.  Thu 
carfinnates  of  the  alkaVtfS  give  a  ttiinilur  precipitate,  wlu]»t  carbomc 
acid  escapes  with  effervescence.  A  very  charactcriatic  reaction  ti 
the  production,  with  imlphwretted  hyilrogen,  of  a  chocolate-brown 
precipitate  of  hydrated  protosulphidc  of  tin.  With  sulphide  qf 
ammoninm,  a  simihir  precipitate  is  formed,  which  is  soluble  in  tlie 
Bulphidea  of  the  alkaline  metals.  With  a  dilute  solution  of  c/thride 
offfoM,  they  give,  if  nscd  in  excess,  a  brown  precipitate  of  reduced 
gold;  in  smaller  quantity,  they  yield  n  beautiful  purple  precipi- 
tate, the  purple  of  Cassias.  Fa-rocyanide  of  palaasium  gives  u 
white  precipitate,  voluble  iit  bydroehluric  acid. 

2. — The  frrsaHa  of  TVw*  arc  found  to  give  with  the  eottstic 
atkaliti  a  irhitc  precipitate,  soluble  in  exee^H  of  the  alkalies,  an^ 
this  solution  yields  no  precipitate  when  it  is  boiled.  Carbonata 
of  the  alkalivt  give  a  white  hjdrated  oxide  with  escape  of  ou'bonic 
acid :  the  precipitate  ia  insolnble  in  excess  of  the  alkaline  sail. 
Sulphuretted  kydrngcn  and  hydrwmlphate  of  ammonia  both  produce 
a  dirty  yellow  preei|)Itate  of  hydrated  sulphide  of  tin,  which  it 
folublc  in  excess  of  the  sulphides  of  the  alkaline  metals,  and  ia 
the  caustic  alkalicH. 

All  the  compounds  of  tin  before  tlie  blowpipe  with  soda  on 
charcoal  in  the  reducing  flume,  give  white  malleable  globules  of 
the  reduced  metal. 

(684)  Eatimation  of  Tin,  and  Sepitration  from  the  foreffoing 
Metals. — Tin  is  estimated  in  the  form  of  the  anhydrous  biuoxide ; 
100  parts  of  which  contain  78-1)6  of  the  metal. 

The  separation  of  tin  from  alt  the  metals  hitherto  described, 
with  thcexecptionof  cadmium,  is  effected  by  means  of  sulphuretted 
hydrogen,  which  precipitates  none  of  these  metala  &om  their  »oIu- 
tiuns  in  the  minuml  aeids.  The  mixed  sulphides  of  tin  and  cad- 
mium may  be  at  once  evaporated  to  dryness  with  nilnc  acid :  ou 
treating  the  residue  with  water,  nitrate  of  cadmium  will  bo  dia* 
Aolred,  and  the  insoluble  oxide  of  tin  will  remain.  Tlie  aulphidc  of 
cadmium  is  also  easily  separated  from  the  sulphides  of  tin  by  hydro- 
sulphate  of  ammonia,  which  ditaolves  the  milphidea  of  tin  uud  leaves 
the  sulphide  of  cadmium.  Ilotb  the  sulphides  of  tin,  by  ignition 
in  a  current  of  air,  arc  gradually  converted  into  the  biuoxide  of  tin : 
this  change  may  be  accelerated  by  moistening  them  ivith  nitric  acid. 

Tin  may  also  be  separated  from  all  metals  with  the  exception 


'  He  prvsmce  of  tartaric  aci4  in  aoiao  cfcs*a'viiUri««t  i(\^*io«»wai!!S«». 
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mtimony,  arsenic  (and  leail  if  sulplmric  ncid  be  present),  by 

1  crnporating  cbc  solution  nearly  to  dryness  with  nitric  acid,  and 

washing  ttic  residue  with   water  strongly  acidulated  with   nitric 

Jncid.     The  tin  remains  aa  tnetastauuic  acid,  and   by  iguition  ftir- 

Sthe  otdiydrous  bin  oxide 
^K  §  11.  Titanium  (Ti  =  2j). 

I J1J5)  TiTANicM  is  a  comparatively  rare  metal,  which  prcBcnts 
considerable  analogy  with  tin.     It  was  discovered  by  (ircgor  »s  a 
.  contttitucnt  of  mcoaccanitc  in  the  year  1791.     Its   principal  ores 
arc  titauIfi^rouH  iron,  and  nitilc,  anatase,  and  brookiti',  which  arc 
three  diflcrcnt  forms   of  titanic  acid,  coloured  by  variable  quan- 
titiee  of  the  oxidew  of  iron,  manganese,  and  chromium.     When 
I  titanic  acid  is  inlcnsely  heated  with  charcoal,  it  is  reduced,  but  is 
[Dot  fused.     A  remarkublc  compound  of  the   metal  i.t  frequently 
found,  in  the  form  of  copper-coloured  cubic  crystals,  adhering  to 
the  slagji  of  the  Wi-l*h  and  other  iron  fnniacci.     These  crystals 
Rre  hard  enough  to  scratch  agate ;  they  have  a  specific  gravity  of 
5*3.     Ho  acid,  except  a  mixture  of  uitric  and  hydrofluoric  acids, 
lias  any  action  upon  them,  hut  they  are  oxidiEcd  by  fusion  with 
nitre,  or  by  ignttiou  iu  a  current  of  oxygen :  tlicy  are  volatile  at 
an  extremely  high  temperature.     These  crystals  were  supposed  by 
''\V(i|Iii:<ton  to  be  iticlallic  titanium,  but  Wijhlcr  showed  that  they 
consist  of  a  combination  of  cyanide  with  nitride  of  titanium ;  tliey 
.contain  18  per  cent,  of  nitrogen,  and  4  of  carbon,  having  a  formula 
i,(TiCy,3Ti^N).     Aiiother  nitride  of  the  metal  (1\N.,1,  nW  for- 
"Uieriy  mistaken   for   metallic   titanium,  is  procured    in    copper- 
, coloured   scales  by   igniting   the    ammonio-chloride  of  titanium 
1(3  HjN.TiCl)  in  closed  vessels,  in  a  current  of  ammonia.*     If  a 
carrciit  of  tiry  aumioniiieni  gas   be  transmitted  over   powdered 
titanic  acid,  heated  to  redness  iu  a  porcelain  tube,  a  violct-coIoured 
nitride  of  titanium   (TiN)  is  formed.     So  strong,  indeed,  is  the 
affinity  of  tltAuium  for  nitrogen  at  a  high  temperature,  that  if  a 
ituixture  of  titanic  acid  and  charcoal,  both  in  a   minute  state  of 
jdivinon,  be  heated  10  whiteness,  and  submitted  to  a  current  of 
(nitrogen,  the  whole  of  the   nitrogen  in  rapidly  alisorlied,   whilst 
{carbonic  oxide  escapes,  and  copper-coloured  crystals,  having  the 
j^amc  composition  as  those  obtained   from  the  blast  furnace,  an 
formed  (Devillc  and  AViitiler). 

Pare  titanium  may  bo  obtained  by  decomposing  the  double 

*  Tbf  luomonio-chhride  of  f<i>lumbiuni  yinldft  a  »uu\W  \t\Wv^  «Vie& 
beateJ  in  liko  manner:  the  iaiav  remark  applies  aUo  to  mo\:s\i4»iWta. 
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fluoride  of  titanium  and  potaaaiuin,  villi  potassiom  in  a  tube  filled 
■with  pure  liydrogcn,  aud  through  which  a  current  of  pure  hydrogen 
13  main  tail)  cd.  U  then  formn  a  gfcy,  amorphous  powder,  w 
burns  in  air  with  scintillation,  aud  dcflii^ati:)!  in  oxygen 
daizliug  brilliancy.  It  may  also  l>e  obtained  in  prismatic  crystals 
by  hC4iting  aodinm  in  the  vapour  of  bichloride  of  titiinium.  The 
metal  i*  soluble  iit  liyilrucliloric  acid  vritli  evolution  of  hydrugeu, 
forming  a  colourless  solution,  from  which  ammouia  precipitates  a 
trfack  hy<lriit«d  protoxide. 

(686)  Three  Oxides  or  Titanium  probably  exist — the  prot- 
oxide, the  «csquioxido,  and  the  binoxidc,  or  titanic  acid. 

The  Protoxide  Cl'iO  =  33)  h:ia  not  heen  obtained  in  a  pure 
■tftte.  It  appears  to  be  formed  whcu  titanic  odd  in  heated  in  a 
crucible  lined  with  charcoal :  but  where  the  acid  ia  actaaDy  in 
contact  with  the  charcoal,  a  film  of  metallic  titanium,  mixed  with 
a  portion  iif  nitride,  is  obtained.  Thv  protoxide  is  a  black  {tonder 
ncnrly  insoluble  in  acids,  and  is  gradually  oxidised  by  exposure  to 
a  hij;h  teiTipcmture  id  air,  or  by  fusion  with  nitre. 

If  a  solution  of  titanic  acid  in  hydrochloric  acid  be  digested 
frith  zinc,  a  purple,  hydratcd  Mst/uiojnde  or  titanate  of  titauinn 
(^0,TiO,l  is  deposited,  which  ahxorbs  oxygen  from  the  air  with 
great  rapidity,  iK-cumiiig  white  from  the  formation  of  titanic 
acid.  Ilydrocliloric  acid  dittaolvcs  it  sparingly,  and  forms  a  blue 
solution. 

TUanie  Add  (TiO,=4l).— This  compound  occurs  io  meaaceo' 
nite  and  Uerine  m  titanate  of  iron ;  hut  more  commonly  it  is  i»ct 
with  in  the  nncombincd  condition,  as  titanic  anhydride,  consti* 
tuliiig  the  principal  ore  of  the  metal.  It  is  found  native  under 
three  distinct  cryNtullinc  forms,  each  of  which  has  a  difiercnl 
specific  gravity.  Of  these,  the  densest  and  most  abuudunt  i« 
rutile  {*p.  gr.  4-25) ;  it  occurs  in  long  striated  prixma  or  needles  (^ 
a  bronu  colour,  isomorpfaous  u-itli  those  of  tin-ston«.  Tlic  second 
variety,  brookite  («p.  gr.  4'i3),  is  found  in  right  rhombic  |irisin*, 
sometimes  opaque,  at  others  trunsparent,  and  of  a  pale  brown ; 
«hi]»l  the  third  variety,  analase  (sp.  gr.  j'9),  ia  found  at  Uaupliiuy 
in  acute  octohe<]ra,  which  arc  M.-mi-tran;parent  and  of  s  yellowish* 
brown  or  blue  colour.  Corresponding  difl'crenccs  arc  observed  ia 
the  titanic  aidiydridc  iirtificially  prepared  in  the  laboratory.  Like 
the  binoxidc  of  tin,  it  may,  when  liydrated,  be  obtained  in  tvo 
iaomerie  forms,  poMcsscd  of  different  properties.  In  fact,  the 
existence  of  two  dissimilar  modiRcations  It  a  very  usual  occurrence 
Jo  the  case  of  metallic  oxides  ^xjsscsscd  of  feeble  add  powers. 

Pure  litamc  add  ruaj  Aic  o\ilaittai  >ii  isAaKwut  w.'Sai,  Vi » 


BIBULPBIDB  ASD   BICHLORIDE    Of   tlXAXIVK. 

fine  iKXviler,  nntl  fusing  U  with  thrice  its  veight  of  carbonittv  of 
potiLsU.  Oa  treatiug  tlic  mtM»  with  hot  water,  kii  impure  bittta- 
nate  of  imtufa  n-maiDs.  It  is  dissolved  iu  hydrochloric  add, 
next  mixed  with  aii  excess  of  nnitnoiiia,  and  the  precipitate  is 
digested  in  hydrosulphatc  of  ammonia,  by  wliich  the  tin,  iron,  and 
manganese  are  converted  into  isulphidcs,  whilst  the  titanic  ncid 
remtiinK  uncluinged :  a  solution  of  eulpburoiin  acid  then  diBSolvcs 
the  sulphides,  ami  n  pnrc  white  hydrate  of  titanic  acid  is  left. 
The  wttttT  may  be  expelled  by  heat,  and  by  long-continurd  igni- 
tion the  colour  of  the  comjjoiuid  deepens,  its  Bpcci6c  gravity 
increasing  till  it  acquires  a  density  equal  to  that  of  rutile.  In 
thia  state  it  is  insoluble  either  in  solutions  of  the  alkalies,  or  in 
acids,  except  bydrotluoric  acid  and  Ijoiling  oil  of  vitriol.  Thia 
anhydride  may,  howc^-cr,  bo  brought  into  solution  by  heating  it 
with  a  fixed  alkaline  carboimtc,  dissolving  tho  rcwduc  with  cold 
hydrochloric  acid,  and  precipitating  the  titanic  acid  by  means  of 
carbonate  of  ammonia :  it  then  forms  a  white  gelatinous  hydrate, 
wiiieb  dries  into  a  bemitranaparciil  mass  capable  of  reddening 
litmus.  The  liquid  long  remains  turbid ;  it  cannot  be  rendered 
clear  by  GItration,  unless  au  excesa  of  Home  ammoniacal  s^t  be 
LBMnt.  llyilnitcd  titanic  acid  is  dissolrcd  by  solutions  of  the 
pSJlliwi,  and  it  yields  definite  salts  with  them.  When  fuNcd  with 
potash  it  forms  a  transparent  yellowifih  glass.  The  hydrate  of 
titanic  acid  is  soluble  in  diluted  hydrochloric  acid  ;  it  is  also 
dissolved  by  sulphuric  acid,  and  formn  a  definite  sulphate  (TiO,, 
SOf),  which  may  he  evaporated  to  dryness  at  a  low  temperature 
without  undergoing  decomj>0!<ition.  Itoth  tlieae  acid  solutions 
are  decomposed  by  boiling  them,  and  tbc  insolulilc  variety  of 
titanic  acid  ia  precipitated.  When  the  soluble  hydrate  is  heated, 
it  loses  water  Hiid  tK;comcs  insoluble.  It  becomes  yellow  on  igni* 
tion,  but  recovers  its  nhitcnesH  on  cooling.  When  fused  with 
biaulphntc  of  potash,  titanic  acid  is  dissolved,  and  may  be  obtained 
in  solution  by  iidiling  water;  it  niny  thus  be  distinguished  and 
separated  from  silica,  which  is  not  dissolved  by  this  mcnns, 

(687)  A  Buulphide  of  Tilanium   (TiS,)  may   be  obtained  in 
n  aeales;  it  is  not  aoiuble  in   the  sulphides  of  the  alkaline 

Bichloride  0/  Titanium  (TiCl,=y6  ;  Sp.  Gr.  of  vapour,  6-83(5, 
Uquid,  i"j6i  at  32°;   BoHittg  point,  277°)  is  a  fuming  volatile 
liquid,  rwembling  the  bichloride  of  tin.     It  may  be  obtained  by 
decomposing  pure  titanic  acid,  intimately  mixed  with  charcoal,  and  . 
heated  to  redness   in  a  jjorcchiin  tube,  by  ivxeaft*  ot  ?i  tMTSttX  "A 
chlorine  gas.     It  is  a  coluurlcu  UtiuiA,  ■wWcV  WH^iWiva*  'w^^ 
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CftAUACTKKS  OF  TBS   COHFOVN'M   OF   TIUKICM. 


A  ftmall  quantity  of  water  to  form  a  crjstalliuble  eomponi 
Ut^v  quantity  of   natcr    produces    ita    decompOMtion, 
titauic  acid  being  ecpiuvtcd.     Devillc   obtained  aqnnrc 
metallic  tttauium  by  decomposing   the   rapour  of  tbe 
vttb  sodium. 


(688)  CUAHACTEBS    OF    THE   CourOtlKDe   OF   TtTAXtlTV. 

Tlt«  tcUa  of  the  protoxide  tiTfs  hut  little  known;    nith  tlat 
rntUn  of  the  alkalie*  they  give  a  blue   precipitate,  wbicli 
tnt  bcovii  and  uUlmiitcl)'  green. 

3. — Hic  titanatn  of   the   alkalies  are  of  a  rcllo' 
•oloar:  tHc  normal  salts  are  insolnbic   in   coM  water;  hot] 
stSKnts  the  alkali,  while  most  of  the  titanic  acid  rt-tnuM 
•ohrrd.      Hydrochloric  add  dissolrcs  them,  fomiinj;  a 
which,  when   bmled,  )>ccomC8  turbid   fmm  depowtioii  of 
add ;  ammonia,  when   added   to  this  K>lution,   pTx>duoai 
prvcipitate.     InftiaioH  of  gaits  produces  an  oraugc-ooli 
pttatc  in  tlie  acid  solutions  of  tlic  titanatcs;  a  precipitate  of 
roloiir  i»  produced  hj  ferrocyaoide  t^ pofiatium.      la  the 
Same  of  tfie  blowpipe  the  titanatcs  gi»e  with  mici 
beautiful   purple  or  blaiah  glasa,  vhich  twcotDes  oolonrl 
oxidisinf;   Hume.     This  rcactioa  distinguisliea  the  ti 
the  tantulates. 

(689)  Estimation  of  Titanium. — Titaninm  is  always 
in  the  form  of  titanic  aci<l.      Its  solution  in  cold  bydroelil 
ia  not  pnxnpitatvd  hy  eulp1iui«tted  hydrogen,  by  which 
may  be  separated  from  (in  nnd  mdniium,  both  of  wlttdi  ■ 
down  frotn  tlte  acid  oe  iasulublc  sulphides.     Tbe  ■oltUion 
mixc<l  with  tartaric  acid,  and  tupersaturaled  with  hy 
of  ammonia  :  iron,  nickt),  cobalt,  manganese,  and  sine 
M]Muatctl  in  tbe  furni  nf  Hiilpbidcn.     The  solution  t« 
rated  to  dryness,  and  the  carbon  is  burned  ofl";  utaoic 
nixed  with  tbe  salts  of  the  c-irths  and  alkaliea  cnnioi: 
mixture  ;  the  residue  is  fuM^l  with  potash,  rodiaaolirrd  in 
with  bydmcbloric  add,  and  on  boiling  the  liquid,  to 
dilutnl   Milphurio  add  has  been  addrd,  the  titanic  add 
tated.     This  proccaa,  Iiowcicr,  i<   not  very  accurate; 
exact   determination  of  the  (|tiautity  of  titanium  in  ita 
is  a  matter  of  coiutidorublo  dilltetdty. 
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5    ni.     COLCMBICU TAXTALfM. 

3)  CoLi'UtiiL'U,  or  Niobium  (Nb=48'8]  was  discovered  in 

litot  by  HstclicU,  wLo  fouud  it  id  k  binck  tnincrul  from 

liUHCtta,  Uu-mcd  ooluiobite.     In  the  following  year  Kkcber;^ 

■  Dew  mctnl,  which  lie  icrmcd  Taatalum  (1^=68-8),  (rom 

Hie  and  yttro-tantalitc  of  Swe<lcii. 

two  mcUlM  were  uscrtcd  by  Wullastoo  to  be  iilcnticid— 

iiioa  gcucrally  received  until  \l<Me  sliowed  lliat  the  American 

iConliuoed  h  metallic   acid  different  from  thnt  rurni«lied 

itolite  :   this  acid  he  termed  the  Niobic ;  and  its  metallic 

lit,  niobium,  in  the  columhium  of  Ilotchctt.    Rose  ut  the 

[time  stated  that  associated   with  this  was  a  second  metallic 

[vtucii  he  termed  the  Pehpic,  but  which  he  lins  nuct3  asccr- 

to  1)0  a  compound  of  the  metal  which  he  called  niobium. 

Jambiimi  uud  tuotulam  have  hccu  but  iucompk-tcly  studied ; 

too  rare  to  need  a  detailed  descriplion  liere  :  they  have  a 

Jo  analogy  with  silicon, — ^tantalic  acid,  according  to  Ro«, 

rormiila  'I'aO^. 

rRiniin  supiiOMid  the  yltro-tantalitc  of  Siberia  to  contain  a 

1,  aiialugous  to  ciiluinbium,  to  which  he  gave  the  name 

but  he  has  since  proved  the  so-called  ilmooic  octd 

mixture  of  tlie  tantalic  and  culumbic  ncids. 


|lV.  MoLTwtiijfou  (Mo=48).    Sp.  Gr.  8-615  ^  8-636. 

fi)  The  priucipaJ  ore  of  molylidcnum  ia  the  bisulpliidc,  a 

ill    ap|jcarance    much  resembling  plumbufO,  and    which 

cliiefljr  to  Bohemia  and  in  Sweden.     Molybdenum  is  also 

bnally  found  oxidizc<l,  iu  combination  with  oxide  of  lea>l,  at 

ito  of  lead.     The  metal  may  be  obtained  by  roasting  the 

tire  sulphide  in  a  free  current  of  air ;  the  sulphur  ptmcs 

Jphurous  ncid,  whilst  the  molybdeimm  also  combines  with 

i,  ami    rewainii   behind  in  the  form  of  molybdic  actd.     If 

itiixod  into  a  paato  with  oil  and  charcoal,  and  exposed  to 

It  ul'  n  smith's  forge,  in  a  enictblc  lined  with  charcoal,  it  is 

to  the  metallic  t>tate.     In  thi^  form  molybdenum  ia  white, 

,  and  very  ditUenlt  of  fusion.    Tbc  acid  may  also  \k  reduced 

ting  it  to  reduces  in  a  jiorcelaiii  tube  in  a  current  of  hydro* 

l«hcn   tlio  pulverulent  metal  ia  heated  in  the  open  air  it  is 

lilly  oxidized,  and   finally  converted   into  molybdic  acid.     Il 

Ujr  oxiilizMl   by  nitric   acid ;  if  the   metal   be  tn  exccM, 

oitntu  of  the  binoxide  ia  ohtaine<l;  if  the  acid  predomi- 
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■•nu-    .<Ti. — me   UOLTBDATM.  OOS* 

111  8S  a  dirty  jrJIow  powder ;  caustic 
li-aving  ositlc  of  iron  anti  other  im- 
il  oolutioti  crj'i<tallizCK  on  e^nporation; 
.  '  amiuoaia  is  expelled,  leaTin};  ttic  Mi- 
lt: biifT  colour.  It  coi)t*ins  66'6  per 
111  33'4  of  oxygCD.  The  anhydride  reddens 
'  r,  and  is  sparingly  Moliiblc  in  water,  forming 
\(  ft  red  heat  it  fasca  to  a  atraw-colounxl 
it  undergoes  volntilixation  in  open  vesseb, 
<  >ol  surfaces  in  brilliaut  tran»[>!ircnt  nmxlles. 
I  mulybdic  scid  is  known.  When  precipitated 
Addition  of  an  acid,  it  may  be  retliMolvcd,  if 
.1  111  excNs:  with  concentrated  sulpbnric  add 
iilutioD.  It  ia  also  ft«e1y  soluble  in  a  solution  of 
Mutrlxlic  acid  unites  with  bases,  and  forms  well 
-.  „.t4,  Itoilt  normal  and  acid.  Those  of  the  alkalies 
I.  Normal  vtoiyhdale  of  ammomn  crystallizes  in  colour- 
1IS.  All  acid  molffbtlate  of  ammonia  (:  H^NO, 
_  . , ,  i:rystaIlizo«  readily  in  six-aided  prisms.  Other  acid 
»  of  tlie  alkalies  have  been  formcx),  which  contain  as 
,  4,  and  even  ^  equivalents  of  the  acid  to  i  of  fixed 
slybdntc  of  lead  (PbO.MoO^)  occurs  nativif  in  crystals 
r  colour ;  it  is  soluble  ia  nitric  acid,  awl  in  solution  of 
Jio  alkali  bo  id  largo  exre««. 

stion  of  tnolybdale  of  ammonia  may  be  advantagooui<ly 
in  certain  cams  to  detect  the  pmteucc  of  very  stnall 
of  plumphoric  aeid  in  solution.  The  sobition  suspected 
the  phosphate  niu«t  be  acidulated  wiili  nitric  acid, 
tnolybdnte  then  added.  The  liquid  bccomca  yellow, 
'i-po«ts  a  ytrllow  cryHtallinc  precipitate,  consist* 
and  phosphoric  acids  in  combination  with  am- 
lunliug  to  Sonncniicliviii  it  contiuus  6747  per  ct-nt.  of 
and  ulioul  3  per  cent,  of  phosphoric  acid.  Ar»rni<-  arid 
milar  compound  with  niulybdatv  of  ammonia  when  the 
lioiled. 

eiii  takes  adrantago  of  the  in««1uhility  of  the  pbas. 

iinri   to  detect  small  (juantitica  of  ammonia  by  its 

order  to  prepare  the  test  nolution,  he  first  procures  the 

tpitat^,  by  adding  molybilato  of  ammonia  to  an  acidu> 

iou  of  phi>-iihato  of  soda,  igiiite»  the  precipitate  to  cx|>cl 

.»,  adds  nitric  acid  to  the  residue,  in  order  completely 

-   '  ircd  molybdic  acid,  cyanomte.*  to  dryness,  and 

.  iiy  ignition.     A  solution  of  carbonate  of  «ida 
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OXIDES    OP    UOLVBDEKUM. 


natc,  the  oxidation  proceciU  further,  and  molybdic  add  U  fonned ; 
ncjua  rcgia  prodiices  similar  resiilt§.  Molybdenum  is  alK>  oxidiMn 
when  fused  with  nitre,  and  molyhdatc  of  potiish  is  produced. 

(6t)i  a)  Okiues  of  Molvbdeniu, — Molybdenum  forms  thrw 
oxides ;  the  protoxide  (MoO),  nud  tlic  hiuoxidc  (MoO^  arc  both 
tnaMSsed  of  basic  cliaractera;  tbe  third  [MoOJ  is  »  powerful 
netrilic  acid. 

The  jtrotoxide  (MoO=5(S)  is  precipitated  from  tbe  solution  of 
s  niolyhdatc  in  liydrocliloric  acid  which  baa  bcco  reduced  bj 
Dicaus  of  a  bar  of  icinc,  on  adding  ainnioiiiu  in  excesa ;  it  n  that 
thrown  down  aa  a  blade  hydrate  which  abaorbs  oxygen  from  the 
air :  it  i»  (soluble  iu  n  volution  uf  eurljouak-  of  ammonia,  but  not  la 
thoM  of  the  lixcd  alkalies  or  their  carbociates.  It  may  also  be 
obtained  iu  tbe  aoliydrous  form,  by  digesting  molybdic  acid  wHIi 
Kiuc  and  hydrochloric  acid. 

The  binoxide  (MoOj  =  64)  may  be  prepared  by  igniting  a  mii- 
iUK  of  2  parts  of  molybdatc  of  soda  and  i  part  of  sal  ammoniac, 
and  digesting  tlie  mas*  in  solution  of  potash,  to  remove  any  undc- 
comijoscd  niolyhditr  acid.  The  residue  when  well  washed  i»  ibe 
pure  oxide,  which  baa  been  reduced  from  molybdic  MCkl  by  tbo 
bjdrogCD  of  the  ammonia.  It  iit  of  a  dark  brown  colour,  but  it 
becomes  purple  if  exposed  to  solar  light ;  it  is  ucarly  iusoluble  in 
acids.  The  liydratcd  bitioxide  may  be  obtained  by  digesting 
molybdic  acid,  mixed  with  copper  Rlings,  iu  bydrocbloric  acid ; 
nn  exccw  of  ammonia  precipitates  the  oxide  of  a  nisiy-brown 
colour,  whilst  the  copper  is  retained  in  solution.  Uydratctl  bin- 
oxide  of  molybdenum  is  soluble  In  piue  water,  but  is  precipitated 
by  the  addition  of  any  nalt.  The  Kolution  gelalinixes  on  kcc; 
The  salts  which  this  oxide  forms  with  acid*  arc  of  «  reddish- 
colour,  or,  if  aiiliydroHK,  are  iKyiriy  black. 

If  a  soUition  of  hicbloride  of  molyl)deuum  be  added,  d' 
dropj  to  a  concentrated  solution  of  bimolybdute  of  ammonia,  t 
deep  blue  precipitate  of  molybdate  of  molybdenum  (MoOj,4MoOA 
UikcK  plaC4^  Thiit  compound  ia  soluble  iu  water,  but  is  precipi' 
tated  by  the  addition  of  any  aaline  body.  The  addition  of  A 
fmall  qitantity  of  a  protosalt  of  tin  to  a  soluble  molybdate  reduoef 
tbe  molybdic  acid,  and  produces  thiit  beautiful  blue  compound, 
whicli  may  nerve  as  a  teat  of  the  presence  of  molybdic  acid  : 
piiwt  be  taken  not  to  add  the  tin  salt  in  excew.  Another  eo 
pound  of  the  binosidc  of  molybdenum  with  molybdic  acid  (MoO, 
a  MoOj)  lia»  a  green  colour. 

[6<)2)  Molijbdic  Acid  ^^MaO^=^^'l  \&  oVAaixvcd  iu  tbe  form 
fux  jmjjurc  aohjdridc  by  tooAUnj^\\iG  aiA^iifcolmv^'j^a&wii.-^sxi,*. 


UOLTBDIC   ACID — TDK    MOLTBDATSe. 

rei  beat ;  it  remains  behind  fts  a  dirty  yellow  powder ;  caustic 
ammonia  dissolves  the  acid,  Icatiog  oxide  of  iroa  and  other  im- 
purities, llie  ammoiiia^al  solution  crystallines  on  cvn|>oratioti, 
and  by  a  low  red  heat  the  ammonia  is  expelled,  Icaring  the  an- 
hydride Itehiud,  of  a  |uile  hulf  colour.  It  contains  66-6  per 
cent,  of  the  metal  and  33-4  of  oxygen.  The  anhydride  redden* 
moistened  litmun  i«per,  and  is  sparingly  soluble  in  water,  forming 
a  ycUov  solution.  At  a  red  heat  it  fuses  to  a  straw-coloured 
glass  of  up.  gr.  3' 49  :  it  undergoes  volutitiv.Htiou  in  opeo  rcsscU, 
and  is  deposited  on  cool  surfaces  in  hrilliant  transparent  nee<llcs. 
No  definite  hydrate  of  molybdie  acid  is  known.  When  precipitated 
from  ita  salts  hy  the  addition  of  an  acid,  it  may  he  redissolved,  if 
tbe  acid  be  added  in  cxeesK:  with  concentrated  oulphuric  acid 
it  forma  a  bine  solution.  It  is  also  freely  soluble  iu  a  solution  of 
cream  of  tartar.  Jlolybdic  acid  (inites  with  biwcs,  mid  forms  well 
ciiaracterixed  italts,  iKith  normal  and  acid.  Those  of  the  alliaUcB 
an  soluble.  Normal  moit/bdalc  0/  ammimin  crystidUzes  in  colour- 
lesa  square  prismis.  .\n  acid  molyhdate  of  ammonia  {3  U^NO, 
3  HO,  5  M0O3)  cryatallizL's  readily  in  jsix-sidcd  prisms.  Other  acid 
motybdiitat  of  the  alkalies  have  been  formed,  which  contain  im 
many  a«  3,  4,  and  even  j  equivalents  of  the  acid  to  i  of  fixed 
boMC.  Molybdiite  of  lead  (VbO^MiiOJ  occurs  native  in  crystals 
of  a  yellow  colour ;  it  is  soluble  in  nitric  add,  and  in  solution  of 
potash  if  the  alkali  be  in  lar^e  excess. 

A  solution  of  molybdate  of  ammonia  may  be  adrantageonsly 
employed  in  certain  caws  to  detect  the  presence  of  very  small 
([uaiitilies  of  phosphoric  add  in  solntion.  The  solutiou  suspected 
to  contain  the  pho>«phate  must  l>e  iioidulated  with  nitric  acid, 
and  tbe  oiolylidate  then  added.  The  liquid  bccomca  yellow, 
and  on  boiling  deposits  a  yellow  erystrdliiie  precipitate,  consist- 
ing of  molybdic  and  phosphoric  acids  in  eomhtnatiou  with  am- 
Dionia.  According  to  Sonnenscliein  it  contains  6*747  per  cent,  of 
ammonia,  and  alxtut  3  per  cent,  of  phosphoric  acid.  Arsenic  acid 
fonns  a  similar  comjmund  with  molybdate  of  ammonia  when  the 
solutions  arc  Iwilcd. 

Sonuenschein  takes  ad\'ant3gc  of  the  in<olubility  of  the  phos- 
phoric compound  to  deti^t  small  quantities  of  ammonia  by  its 
ineaus.  In  order  to  prepare  the  test  solution,  he  first  procures  the 
yellon*  precipitate,  by  adding  molybdate  of  ammonia  to  an  ocidU' 
latcd  soUilioii  of  phosphate  of  soda,  ignites  the  precipitate  to  expel 
the  ammonia,  adds  nitric  acid  to  the  residue,  in  order  completely 
to  reoxidiw!  any  reduced  moltkiic  acid,  cvaporati^  ta  Af^ws.'**,  w.\\ 
expcla  tbe  uUric  ndd  by  igrjition.     A  solution  of  caxhoTuAe  tA  «u^ 
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U  employed  to  diHolvc  the  remaining  mltture  of  phoephoric  aid 
Dtolfbdio  aeidn,  and  tlie  solution  ia  sTipersattirated  villi  liydro- 
cliloric  acid.  TIii«  li<iiii<l,  it  is  stated,  will  easily  detect  the  prs 
sence  of  i  part  of  sal  aninioiiiae  in  io,ooo  of  wuter.  Salts  of 
M)(lii  arc  not  affected  by  it,  but  strong  solutioDS  of  the  Kalta  of 
potash  yield  a  similar  yellow  precipitate. 

(693)    SCLPHIDES    OF   MoLYUDESCM. ThrOC  SulphidCfi  of   BUJ. 

lybdenum  are  known,  MoS^,  MoSj,  and  MoS^ :  the  lut  two  are 
stilphur  acids. 

B'uulphiile  of  Molybdeuum  [iroS,=8o ;  Sp.  Gr.  4-138).— TliB 
sulphide  is  the  principal  ore  of  the  metal :  it  is  a  soft  solid  of  a 
leudcn-groy  colour  nnd  metallic  lustre.  The  hisnijiliidc  may  aim 
be  formed  artificially  by  beating  molybdic  acid  iii  tlie  vajioiir  of 
sulphur.  It  ts  unchnii^d  by  beat  in  closed  vessels,  but  if  routed 
in  tlic  open  air,  suljthurous  acid  is  formed  and  ia  volatiliied, 
while  molybdic  nciil  reinaiiix.  Nitric  acid  decomposes  it,  and 
converts  the  metal  into  molybdie  acid;  oil  ofntnol  aim  deoom- 
poees  it  when  boiled  upon  it,  forming  a  blue  solution,  whilst  sul* 
pliurou.t  acid  escapes.  100  parts  of  this  sulphide  contain  60  of 
molybdenum  and  40  of  siil[i)itir. 

Tlic  Teraulph'tde.  (MoS^  =  96)  is  precipitated  by  transmitting 
sulphuretted  hydrogen  through  a  solution  of  a  molybdate,  and  add* 
iug  bydrochlorie  acid.  It  is  of  a  dark  brown  colour,  and  form* 
sulphur  salts  with  the  sulphides  of  the  alkaline  metals.  The  pot- 
wh  ifftit  erystuUixct  in  niiigntflceiit  iridescent  crystals  {KS,MiisJ. 
The  quadrisulphide  of  molybilcnum  also  combines  readily  with  tlie 
sulphides  of  the  alkaline  metals. 

A  Frotochioride  of  Molybdenum  {MoCl=83*5)  ia  obtaincil  by 
dissolving  the  protoxide  in  hydrochloric  wid,  A  bichloride  (MoCI,) 
ia  procured  by  beating  the  metal  in  a  current  of  dry  chlorine ;  it 
forms  a  red  vajMur,  which  nublimes  in  deliquescent  fiisible  crys> 
tals,  ill  appearance  resembling  those  of  iodine.  It  may  also  be 
obtained  in  solution  by  dissolving  tlic  biuosidc  m  hydrochlorio 
acid. 

A  C/iloromolifbdic  Acid  sublimes  in  yellowish  scales  when  the 
hinoxide  i.4  heated  in  a  current  of  cbloriDe.  It  is  soluble  both  in 
water  and  in  alcohol,  and  consists  of  (MoCl,,  2  MoOJ,  or  {MoO,Ci). 

L  Similar  compound:^  may  be  formed  with  many  acidifiable  metab, 
such,  for  example,  as  tungsten,  chromium,  and  vanadium. 
(694)    ClIABACTP.RS   OP  THE    S.\I,Ta   OP    Moi.YItnCXCM  ! 
I. — Little  is  known  of  the  prolosaltt  of  molybdenum.     They 
jrldd  a  dark  brown  prcciuMaMi  "«\i.\\  Wt  alkaVu*  ■mA  •&«;«  mot 
; 
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;  the  predpitate  u  solnblc  in  excess  of  caxbonatc  of  un- 

aud  Lit  ilvponiUxl  Dgnin  on  Ixiiliiig  lite  lii]uid  ;  auiphureittd 
ikralj-  produces  a  brown  precipitate  of  bydratcd  sulphide 
aololtic  itiliydrDKulpliate  of  Aiuitioiiin. 
—The  wits  of  iho  liinoride  have  a  dark  colour,  and  a  metallic 
ent  taste.     Jr^imoN  of  palla  produces  with  them  a  browa> 
km  Kilution;  ferraqfamde  qf  patatsiuM  gives  a  dark  brown 
tale ;  ammonia  a  ntatjr-brown  precipitate  of  tlic  biiioxide. 
— Tho  vwlt/bdiUes  yield  cbamet eristic  rcactious  witli  zinc,  tin, 
l]>]ier.    ^iih  zinc,  in  dilute  acid  solution*,  the  liquid  bccomea 
ao,  then  gnien,  aud  Sually  black,  afVor  which  the  addition  oC 
da  pro«luix-H  a  dcponit  of  protoxide  of  molyb<leriuni.     Tlu^ 
of  a  aiuall  ijuaittity  of  proloehloride  of  tin  in  solution  to  a 
oontaiuing  a  molybdnte,  produce*  a  beautiful  blue  molybdute 
tjhdeiium  (MuOj,4MoO,},  but  caro  must  be  taken  not  to 
be  tin  salt  in  excess,  or  the  precipitate  Iwcome*  dull  green. 

fiiiny*  in  similar  solutions  reduce  the  molybdie  acid  to  ths 
dc,   wliicli  is  precipitated  as  a  lirowu  hydrate  by  ammonia. 

the  blowpipe,  tlio  compounds  of  moiybdcuum  yield,  io  tlie 
Of   flam^  a  colourless  bead    with    bonis,  and  with  micro- 

•olt ;  in  the  reducing  flame  tlicy  giro  a  browntsb-rcd  bead 
onu,  and  a  green  otic  with  microcoamic  salt. 

lyhcltiiinni  is  usually  eatimatcd  in  the  form  of  tlte  bisulphide, 
ik  loo  parts  contain  60  of  Uic  metal. 


§  V.  TuNosTES  (W  =  92).  Sp.  Gr.  17-6. 

)5)  TuNOKTEM  is  a  metal  found  iu  small  tjuantilics,  lu  the  form 
id  combined  with  lime,  io  the  mineral  known  as  Scheetite,  or 
itc  uf  lime  (CaO,WO,)  t  or  else  in  ifoffram  as  a  tun^tate 
uu(i  mangancwj  [MnO,\VOj,  3  FeO.WOJ.  It  is  easily 
led  firom  llie  lungstato  of  lime,  by  digesting  tho  powdered 
.  in  hydrochloric  acid,  which  combines  with  and  diasolvea 
r,  but  li-avcH  the  insoluble  tnngstic  acid  behind:  from  tliis 
■mil  the  metal  itself  is  procured,  by  heating  it  to  bright  red< 
a  current  uf  hydrogen  gas.  It  Is  thus  led  of  a  dark  grey 
but  it  assumes  a  metallic  lustre  umk-r  the  burnisher.  If 
d  be  nuule  into  a  paste  with  oil,  and  heated  inlciwcly  in  a 
ted  with  charcoid  for  »omc  hours,  tungsten  ia  obtained 
,  iruD-grey  metal,  ntliieh  is  very  hard  and  difficult  of 
it  may  be  heated  in  tliu  air  whilst  in  the  oompact  state 
It  MTiiBihle  change,  but  in  the  pulverulent  form  it  burns 
0   tiingstie  acitL     Aqua  ri^ia  and  nitric  acid  eouTert  it 
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into  tungRtic  acid,  nod  the  same  chaage  i*  prodnccd  by  heatii^  it 
iu  ooiitact  nitli  tlie  alkalies  nr  with  iiitrc.  Pulverulent  tniigstco 
is  also  oxidiiicd  ami  di&sulvi-d  by  boiliag  it  in  a  solatioii  of  tlie 
alkalies  or  of  their  carboiiatca.  ^Yhen  tungsten  U  alloy od  in  tlie 
proportion  of  g  or  lo  parts  with  90  of  steel,  it  iHclda  a  metallic 
masM  of  evlraordiuar^'  iiiirdneH». 

(696)  Oxides  or  Tusosten. — ^Two  of  thc»e  are  knomi,  vit, 
a  binoside,  nhicli  docs  not  form  uilts  with  acids,  and  an  acid 
teroxide. 

The  Blnoxide  (WOj)  is  obtained  as  a  brown  powder  by  heating 
tungstic  acid  to  low  redness  in  a  stream  of  Iiyrlrogcii ;  or  in  copper- 
coloured  scales  by  adding  tuupstic  acid  to  dilute  hydrochloric  acid 
in  which  »omv  plecea  of  nine  have  btTn  placed.  In  tlic  latter  fom 
it  attracts  atygen  rapidly  from  the  air,  and  is  dissolred  by  a  solu' 
tion  ofpotawh,  with  evolution  of  hydrogen  and  formation  of  toag- 
state  of  pota&h.  ^Vcihlcr  obtains  the  binoiide  from  wolfram  by 
fu»iiig  I  part  of  this  mineral  with  3  parts  of  carbonate  of  potaab : 
the  melted  mass  is  treated  with  boiling  water,  filtered,  and  miied 
with  a  solution  of  1  j-  part  of  cbluride  of  ammonium.  The  solo* 
tion  it  then  evaporated  to  dryness  and  the  residue  ignited  ;  upon 
treating  the  maM  with  boiling  water,  the  oxide  of  tungsten  re- 
mains as  a  hcaiy  black  powder,  which  must  be  waKhc<l,  first  widi 
8  weak  solution  of  potash,  and  af^rwards  with  water.  In  this 
operation  the  hydrogen  of  the  ammouiacal  salt  partially  rcduco 
the  tungstic  acid  of  the  mineral. 

AVich  foda,  the  oxide  of  tungsten  fonns  a  remarkable  rom- 
pound  of  a  yellow  colour  and  metallic  lustre,  coutsininji  XaO, 
■X  WO,  (Woh'ler),  or,  according  to  Wright,  (NaO.WO^,  2  WOJ. 
It  crystallizes  in  cubes,  and  is  not  acted  upon  by  any  aeid  or  mix- 
ture of  acids  except  the  liydroflnoric  ;  the  solutions  of  the  alkatin 
arc  equally  without  effect  upon  it :  if  healed  in  the  air  it  is  de- 
ouDiposed  and  purtinlly  converted  into  tungstate  of  soda.  It  it 
obtained  by  heating  the  bitungatate  of  soda  in  liydrogcn  gas:  is 
order  to  remove  the  uudecomjmscil  tungstatc  of  soda  auti  tne 
tungHtic  acid,  the  rcniduc  ia  treated  in  sueceasion  with  water,  hydro- 
chloric acid  and  potash ;  finally  it  is  washed  with  water, 

TuJiijslic  Acid  (\V(),=:ii!5 ;  Sp.  Gr.  6'ia). — Laurent  con- 
udercd  that  there  were  not  fewer  than  six  modifications  of  tiu 
acid,  euoh  of  which  formed  adiKtinct  cla!M  of  Milts;  but  tbc  snbw- 
quent  researches  of  Itiche  {Ann.  de  Cfiimie,  111.  1.  5)  appear  to 
have  shown  that  there  are  but  two  modifications  in  addition  to  the 
Anhydride?.  These  two  different  acids  be  terms  the  tongstie 
{Il6,\X0j),  aud  the  meiolungstic  w:A  \J.\o;«  »;>. 
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^■Irffa  mthgdnde  may  bo  obtained  from  tungstate  of  lime  by 
^boM  olrciulv  described,  or  li^  ilucuiitpusing  nolEnm  with 
^Ka,  eTB])oratiog  to  dryness,  and  disaolriog  the  liberated 
^B  acid  in  nmmonia ;  tlic  tungstatv  of  ammonia  is  purified 
Plallizatioi),  and  wlicu  heated  in  opoo  vessels  loses  its  ain- 
k,  and  18  oonvcrtcd  into  |itire  luiigstie  anhydride.  This  com* 
lis  a  straw-yellow,  tasteless,  iusuluble  powder,  which  assumes 
Iper  orange  tint  when  heated,  the  colour  fading  again  as  the 
^nturc  fulls.  Id  this  fomi  it  is  insoluble  in  acids,  but  is 
B7  soluble  in  alkaline  KoluUons  ;  and  when  heated  with  solu- 
LpC  the   alkaline  carbouatcs,  it  dccoini>oics  them  with  effer- 

^Irated  Tungtiic  Acid  (HO.WO^)  is  obtained  in  the  form  of    u 
^b  powder  by  addiug  hydrochloric  acid  in  excess  to  a  lioiliiig    I 
^ft  of  the  anhydrous  acid  in  any  of  the  alkalies.     The  uodi- 
^Bof  acid  tlins  obtained  formn  two  cIohcs  of  salts,  one  of    \ 
His    normal,  the   other    acid    in  composition.     Even    the 
Haslta  all  redden  litmus  faintly.     When  mixed  in  the  cold 
^K  tnccss  of  hydrochloric  aciil,  they  ate  decomposed,  and  a 
^fcaringly  eolublc  hydrate  of  tuugstic  acid  (\V0^3  110}  is 

^^/a/«  of  Potash  (KO,WO,  +  Aq)  is  obtained  by  beating 
Heaolatton  of  carbonate  of  (lOtaKh  to  nearly  its  boiling  point 
^Bhig  tuugstic  anhydride  so  lung  as  it  jiroduccs  an  elTeri'ea- 
^■nystals  of  the  ttnigstatc  arc  deposited  from  the  solution  a*  it 
^Hiey  must  be  redissolved  in  the  smallest  possible  quantity  of 
^pwatcr,  acid  allowol  to  rccryittulhzc ;  this  salt  is  soluble  in 
^Aalf  its  weight  of  cold  water.  When  pure  it  is  not  dcoom- 
Bw  the  hdditioa  of  a  solution  of  bicarbonate  of  soda,  bnt 
^K  acid  be  present,  a  precipitate  is  oocosiotied  by  this  test. 
Hlfa/«  of  Potash  {KO,  3  WO,)  may  l)c  obtained  either  by 
^mtXk  equivalent  of  the  foregoing  salt  nith  one  of  tungatio 
^■ddt  or  by  iKtding  a  wcond  equivalent  of  tungftic  anhydride 
Wtt  oolutioD  of  an  e<}uivalent  of  the  normal  salt.  A  sparingly 
fc  bitungstatc  (KO,a  WOg+sHO)  is  oblaiucd  by  transmit- 
of  carlwnic  acid  throuj^h  a  solution  of  the  normal 
j^_  <  s  dc)xwited  in  pearly  fcules.  Corrcspouding  salts  of 
^■ur  bo  obtained.  The  normal  tungstate  (NaO,WOj-j-2  Aq) 
^E  'lily  in  rhom)>oidal   plates.     The  bitungstatc  (XaO, 

^^  ,  ;    may  als<r  he   nbtainod  in  cry-italit.     Ttmgttate  i^ 

^B  is  cosily  obtained  by  digesting  the  acid  in  excess  of  am- 
^Bit  '  "    '">  in  needle^  »t  ordinary  Icaiperaturcs  witli  tlie 

H    (i  I1U,4  \V0,  +  3  Aigj.     If  crystallised  at  about 
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lOO*  P.  it  oontninn  a  iu*tctu1  of  3  Aq,  nnfl  the  crystsU,  whitk  are 
(IepO!>it«d  at  213**,  conuin  only  i  Aq,  tlie  basic  water  nMnaiuing 
unaffi-ctct).  A  Inngitatt  0/  lunfftten  (WO,,WOj),  of  a  splendid  blue 
milour,  Bomewliat  annlo^us  to  tiie  molybdate  of  tbe  molybdraam, 
mny  be  obtained  by  a  partini  rcdiit-tion  of  tungiitic  ticid,  eitlter  by 
hydrogen  gas,  or  by  strongly  igniting  th«  ttingatate  of  smmonia  ta 
ctoficd  v<!Mrl8,  or  by  dignting  tungstic  anhydride  with  sine  and 
hydrocliloric  or  «ilpiiiiric  acid* 

The  moet  important  native  ore  of  tunf^stcn  is  wolfram,  vhicii 
oceufH  in  hard  prii'matic  cryHLils  »f  a  dark  brown  cxilosr;  it  ian> 
gnnlcd  as  a  mixture,  in  variable  proportions,  of  tangstates  of  the 
protoxide^  of  iron  and  inaiigsiieMC.  It»  ti))eeiflc  granty  ia  nry 
high,  being  about  7*3.  It  «n£  this  circumataDco  that  gave  rise  to 
the  name  ttrng-ttfn,  the  term  l>eiiig  a  combination  of  two  Swedish 
words,  implying  '  heavy  stone/  This  mineral  is  decomposed  wbcil 
boilcil  witli  hydrochloric  acid,  or  with  aqtia  regin,  the  tnugatic  add 
renaining  undissolved.  It  ia  alao  readily  d^compoeed  by  fuston 
with  nitre  or  with  carbonate  of  soda,  and  a  xolubic  tung»tate  of 
the  alkali  is  formed. 

Mttatmgslic  Acul  {IIOjWjOj) ,— The  raits  of  this  acid  esot 
an  alkaline  rcartiou  upon  redde»i«l  litmnii,  and  crystalliTc  gene^ 
rally  with  fitcibty.  They  pass  readily  when  in  solution  into  thi 
■alls  of  tnngatic  acid :  tbe  change  ia  gradual  in  neutrnl  aolutioni 
at  ordiiiiiry  t<-mperatiires,  more  rapid  in  boiling  Hqaids,  or  on  the 
addition  of  a  powerful  acid,  and  the  eoitver«iou  is  iiLHtanlaneoua  i 
the  hot  liquid  is  mixed  »ith  an  alkali  or  alkaline  carbonate  i* 
exceas.  The  metalnngMiaUrs  arc  always  prepared  by  the  action  ol 
Iiydrated  tungrrtic  acid  upon  thctung^lates.  If  tbe  white  bydratcd 
acid  (W0„  z  HO)  obtained  by  tbe  action  of  hydroebloric  add  in  tlie 
cold  npon  the  soluble  tHLi£;&talc4  be  neutralised  by  basea,  it  fta- 
niHiieH  salt*  which  jirc  idnilical  with  the  onliaary  tungntatcn;  bat 
if  one  of  the  soluble  normal  tangstatea,  aiich  as  tbe  tungstatc  oC 
potai»h,  be  hoiU-ii  with  the  white  hydrate  of  the  acid  in  tbe  [vro- 
portion  of  an  equivalent  of  each  until  the  solution  no  longer 
becomes  lurbi<l  on  the  addition  of  an  acid,  a  new  salt,  the  mtlO' 
tungnialv  of  potagh  (KO,\Vj()„)  is  formed,  and  is  deposited  in  amaH 
transparent  prisms,  as  the  concentrated  solution  cools.      It  is  per- 


*  Tuii;(pitatif  orsoda  1iS4  \iwa  foaud  Ut  answor  adatlrably  as  a  prsMmtiti 
ofmiiitluii.  ^c.,from  burniu^  vrithflnaio.  VeramaanaodOppriiboiraCMiti'M* 
Journal,   Heh,    i!SAo,    p.   41(1)  rtMODiiuoml  thnt  a  cctiomlrntrd    solution  d 
QOTcaiU  tuiiK>tBt<!  of  irFiia  iihoiild  be  prapsrcd.  then  dit<ili->l  witb  w&tcr  till  ot 
tip.  gf.  ('140.  sfli-'r  whvrb  1  ^«r  cent,  of  pbodpbnts  of  sods  is  l9  be  added. 

2it«  b'nishcd  goods  arc  d\ppi;d  'into  \<\m  uiWiMm  «n&  Axm^V^  ^  hifdro- 

fftnotor. 
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the  air,  Btid  ver}'  soluble  in  wKter.      A  mr^tntiingntnte  ( 
»v  be  obtained  in  like  manner.     'r»-o  mctatungfitalM 
(H.NO.HO,  a  W,0,  +  3  A<i)  and  (H»NO.  i  H0,3W,0,+ 
ky  be  also  iirocnrcd.  TUo  ractatuiifjitatCT.whcn  mixed  with 
I,  do  not  Bt  once  yicM  n  prc<;iiiitiite  of  thi;  mviallic  acid. 
ScLvninEB  or  TtrsosTSX. — There  are  two  sulphides  o^| 
I,  tlifi  l>i»ulpliide  and  tlie  tcntolphidc.  ^ 

JpAide  (WSj)  waa  obtained  by  Riehe  in  a  pure  form 
ill  a  covered  clay  crucible,  an  intimate  mixture  of  equal 
bitiingxtate  of  pota«h  and  nulplinr.  After  fusiou  at  a 
temperature  Tor  half  nn  hour,  the  man  is  poured  out, 
land  va»bed  with  boiling  water.  The  bittulphidc  is  left 
of  bluish  •black  alcndcr  crystals,  with  an  unctuous 
lining  i>ii]>er  or  the  skin  like  plumbago;  it  ailmita  of 
mOAoUdated  by  pre«surc,  and  might,  probably,  be  used  Ui^ 
Mdacturc  of  drawing-pencila.  fl 

Hb^M^iife  (^^s)  "x^y  be  obtained  by  dissoUnng  tungatiaH 
Ft  Bolutinii  of  «ul|ihidc  of  potassium,  and   precipitating  hf 
>n  of  an  acid  :  it  is  slightly  soluble  in  pure  water. 
Frsulpbide  is  ■  itrong  aulphnr  acid ;  villi  Niilphide  of 
it   forms  an   orange-yellow    ery«talliaable    comjiound. 
liO'^ialta  nay  be  fbrtned  by  heating   the  tungstatcs  o£; 
with  an  cseessof  sntphttr. 
i>iitDER  or  TffKWTKN. — Phwplionw  enter*  into  cMimbiu: 

k tungsten,  when  its  vapour  is  passed  over  the  metal  in  a; 
iod  state,  and  heated  to  re^lneMtin  a  glass  tube;  a  dull, 
povder  (Wj,Pj).  difficiilt  of  oxidation,  is  thus  furmed. 
ampound  {W,I')  isfurmnl  in  birautiful  cry.itailinc  gronpa 
odea,  by  reducing  a  mixture  of  a  atoms  of  phospltoric  and 
I  nf  tnugttic  acid,  at  a  very  high  Icmperature,  in  a  crucible 
y^  cliarcoal :  brilliant  8ix*atded  steet-grey  prisms,  of  s|>. 
K  are  thus  obtained.  It  ia  a  good  conductor  of  ct 
^Bt  b  oxidized  with  difGcalty  when  heated,  aud  is  a 
Ply  acids. 

th  tlieciii/iniPBs  of  tbis  metal  (WCIj)  and  (WCIJ  arerola- 
bey  are   decomposed  by  water   into   bydirxihloric  acid  an<l 
tonding  o^ide  of  tungsten.     The  terchloride  in  formed 
pure  and  dry  chlorine  ovor  heated  metallic  tungsten  j 
i^,  and  i*  of  a  bronse  colour,  but  liy  exposure  to  the 
fuires  a  nolct  hue,  owing  to  its  partial  dcoompoaiti 
srption  of  moisture. 

•fchloriHe  (W0,,C1)  may  be  obtained  in  yellow  rolati 
9,  by  poniug  dry  chlorine  over  cither  the  binoxttle 


A 


or  TUMOtrex — funavn. 

alMstcdtomlucM,   Uui 
tig  red  Tulatile  compound,  I 
%  KCordiDg  to  Iticbc,  an  <aj 

abairbs  aminoDia,  and  by  tgatkj 
»  espvllcd  in  the  fonn  of  sal  i 

ingof  2WN,\VU,N.  ffl 
rit  buruE,  cvolviug  ammoDU  ud  I 
(Collier) :  it  is  not  solnblc  u  I 


or  TUB  Salt*  or  Tonarns^ 
an   not  poisutious.     No  nil* 
,  jTv  kuown. 
1 11  tolutiou  are  colonrlcu.     Tkej  art  i 
■alpAvrrlled  hydrogm  or  by 
,   ^   CiN,  placed  in  tbcir  acidulated 
A  «r  a  excluded,  produces  a  deep 
■  cte  reduction  of  the  acid  to  a  lower 
■fc  pntDchluridc  of  tiu,  oikI  other  rcduch 
!  u^  «»ds,  produce  a  like  molt.     Tba  I 
l^n4  tu  a  boiling  solution  of  tbc  tungNtate*  ' 
,  k*vlluw  precipitate  of  luiightic  acid  which  i>< 
.  4iad  ui  tartaric  acid.     Tbcy  field  brji/rt  the  i 
*  oaluarteas  trant>|iarnit  gla»,  wbicb  Itccoraaj 
waflK  ttanie,  and  blood-red  on  cooling.     With 
■1  tlieygive  a  beautiful  blue  tn  tbe  reducin(| 
-  Tcllow  or  colourless  in  the  oxidating  tb 
iiicle  metallic  tin  lu  ilic  bead  fatoura  tlic  (ir 
•aJaar. 

i-u  ■»  always  estimated  in  tbo  form  of  lunpbe^ 
-raiBs  of  wliicli  contain  7932  of  the  BMtal. 


$  VL  Vasauivu  {V-68-46). 

'  rtit'H  is  one  of  tlio»e  nre  metaU  at  prwcM  I 
u*  eoriositio :  it  was  dtMovnrd  i»  1 830,  by 
"•»  i»fo  from  Talwrg,  "bicb  yiclilcd  Inr  i"*" 
lity  ;  but  its  iDost  abaodaot  i 
'"•l>  has  been  Jbowl  at  Snapan   ni   '••■ 
'    Sctitlniid,   aud   morr   rtventlt    in  ^"kdi;, 
■1  V4ititilium  w 
>       Ii  tk  br>!  "' 
icrudbliv  '.T  ^.1 
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place  witii  rivid  incaiitlcaceiice ;  the  pot^h  U  (liMoltcd 
.and  vanftJiiim  in  dcpoBitvdas  &  brilliant  metallic  povdcr. 
lilv-  ili&solvcd  by  nitric  acid  and  aqna  rcgia,  forming  a 
DC  •ulution  ;  but  it  i«  not  acted  upon  even  by  boiling  sul- 
I  Iiydrocliloric,  or  lij'drofluoric  acicU  ;  when  bested  willi  the 
in  closed  rencU,  it  andcrf^oea  no  change.  By  passing  a 
of  dry  ammonia  over  heated  chloride  of  vaniidiiim,  a  nitride 
metal  is  obtninral  ia  a  coherent  form  with  a  Btcol-nrliitc 
it  is  brittle  and  rery  infusible. 

i)   Oxi»K9  or  Vakatucm. — Thia  metal  fornu  three  distinct 
la  with  oxygeo,  VO ;  VO, ;  and  \Oy    The  protoxide  (VO, 
i*  obuiiml  from  vanadic  acid,  by  reducing;  it,  by  means  of 
hydrogen,  or  by  <rharcoal :  it  i<  a  blnck,  crystalline,  brittle 
ncnibliug  gmphitc  in  appearance,  and,  like  it,   conducts 
It  doea  not  combine  cither  with  acids  or  with  bnties, 
in   air  for  some  time  it  atjsorbB  okv^igq,  forming  the 
(VOj=!84*5),  as  a  black  anhydrous  powder,  which  forms 
onds ;  they  have  a  blue  colour,  aud  when  mixed  with 
■114*^  fiiniixfa  a  grey  hydrate  of  the  binoxidc  ;  in  this  form 
absorbs  oxygen,  aud  l)eoonie$  firtt  brown  and  then  green. 
de  of  vnnajlium  apprara  also  to  possess  feebly  acid  propcrtie*, 
abinca  with  bases. 

Jic  aHhjfdride  (VOi=9^'5;  ^P-  ^•3'49)  iaofabrownish- 

r ;  at  a  red  heat  it  fuaea   without  further  cliange,  and 

on  eoolto|!,  becoming  incandescent  from  evolution  of 

in  the  act  of  »olidification.      It  ih  Mpanngly  aoluble  in 

whtrlt  it  communicates  a  yellow  tint;  the  solution  iw 

lly  acid  and  rcddenti  btmus  strongly.     It  formn  both  oor- 

ftcid  aalts ;    tlie  normal  &alta    when    first   prepared   are 

but   in   a  few   hours  they  iipoiitau<rousiy  Ijecome  white. 

st  important  of  these  salts  ie  the  vanadiate  nmmonia  [H^NO, 

from  which  the  acid  it^lf  l«   naually  obtained.     Vanadiate 

t.i  is  procured  by  putting  pieces  of  snl  ammoniac  into  a 

_    I  lion  of  ranadiate  of  potii^h  (luch  kd  i*  prepared  by  the 

ptioa  of  the  stag  obtained  fh>m  the  iron  ore  of  Taherg,  with 

■fter  ihc  eioeaa  alkali  hiwlwen  nciitralixnl  with  hydrochtorie 

Ithe  ranadiate  of  ammonia  being   insoluble  in  a  salumted 

■i  of  chloride  of  ammoninm  is  frradually  depOMted  in  small 

Bne   grains.     Cold  water  diKMilvcs  it   .iparingly,  but  it  is 

koro  Noluble  in  hot  water  :  when  heated  iu  the  ojwn  air  the 

Ba  i»  expelled,   and   pure   rnnadio  acid  ia  left.     The  neid 

mte  of  aiHni'inin   yields  crystals  of  nn  orange  colour.     If 

^^ii  ti»ctur«  of  galls,  thew  salts  give  n  deep  block  liquid,! 
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whictt  presen'cs  its  bUckncH  even  vhen  much  diluted  :  it  forms  i 
very  pcrmaneDt  writing  iuk,  since  it  is  not  dMtfOjed  either  by 
ftciiiH,  which  turn  it  blue,  or  by  nlkuiics,  or  hy  chlorine. 

Vanadic  acid  appears  to  conibiue  in  different  proportions  vitli 
the  inferior  o<tidpB  of  the  metal,  forming  compouuds  which  are 
cither  of  a  green  or  »  purple  colour.  It  also  combines  with  ii»uii» 
iicida  in  de6uit«  proportions,  formiog  compound  ikcido,  such  as  that 
with  sulphuric  acid  (VO^,  3  SO,) :  several  of  these  compoondl 
crvstailixc  with  facility. 

The  afliuitjr  of  vanadium  for  »ulpliur  is  but  amaU.  It  cots- 
bines  with  it  in  two  proportious,  VS^  and  VS,. 

A  liichloridv  of  Vauadiicm  (VCI^  may  be  fimncd  ;  it  is  of  « 
blue  colour ;  and  a  terchlor'tde  (\'01j ;  Sp.  Gr.  <^  vapour,  6-41,  of 
iiquid,  1764;  BoUinff  pi.  260")  which  is  a  yellow,  fuming,  volatil* 
liquid,  is  obtained  hv  heating  a  mixture  of  vanadic  acid  and  cliar- 
coal  in  a  current  of  chlorine.  Broniidi-«,  iodides,  fluorides,  and 
cyanides  of  I'anadtum  hare  also  been  formed, 

{701)  CiiARicTEBa  or  THE  CoMrovxiw  or  VAN-*»rim. — i.Tlw 
salta  of  the  hinuxide  i>f  vanadium  yield  blue  solutions,  which  give 
a  black  colour  with  Imeture  0/  gaih,  and  a  grey  precipitate  with 
the  alkalies,  Iwcoming  red  by  cijia-iure  to  the  air.  Fenvcsfmudl 
0/ polansium  gives  a  yellow  precipitate,  which  become*  green  whtt 
expoM^  to  the  air.  The  tulphiilet  of  the  alkaline  metab  give  a 
brownish- black  |irecipitato,  readily  rolublo  in  cxccm,  and  forming  a 
magnificent  purple  liquid. 

2. — The  vanadiaUs,  when  treated  with  Hulphurcltcd  hydrogea, 
or  wlicn  Imilcd  with  sulphuric  acid  and  either  alcohol  or  sugar,  gite 
a  beautiful  blue  solution,  a  reaction  that  distinguishes  them  frcn 
the  chroiDiitcs,  which  under  these  circumstances  funiish  r  p^tm 
liquid.  Before  the  blouyp'tjie  with  boras  in  the  reducing  flamc^ 
compounds  coutaiuiug  vanadium  give  a  green  glass,  which  bcvooNS 
yellow  iu  tlie  oxidating  fliuue. 

'-        f  VIL  AttSBKic  (A8=75).     Sp.  Gr.  of  Vaptmr,  10*69! 
of  Solid,  from  570  to  5'95y.     Comb.  Vol.  i. 

(702)  Arseijic,  iu  various  states  of  corabinattoo,  was  knowa 
to  mankind  before  the  Christian  era.  lliis  element  presents  nuu^ 
analogies  with  phosplKiriis,  and  with  nitrogen  :  it  is  cooudered  bj 
several  French  writers  to  belong  to  the  non-metallic  elements.  It, 
however,  conducts  electricity  with  facility,  and  poBwsaes  a  high 
metiiDic  lus'tre.  Aracittc  gcaeT?A\^  y****^**  i**^^'"'  the  form  of  »a 
tiloy  with  some  oliict  mdoi,  e*yi6aSq  '«v>Xi  «w^,  w  -ki:^ 
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r,  or  tin.  It  u  fbimd  occuuonally  in  tbe  native  st&tr, 
tptimcs  uccun  united  with  oxygcii  coiubiiwd  lu  uyeuic  acitl 
r  oiidvjt,  constituting  arscniatcs,  such  «b  those  of  iron, 
jld  lead.  Moru  Rtrcljr  it  occun  u  nitcd  with  Kiilphur,  eitlicr 
ibicQlpliide  (realgir),  or  as  orpimeut,  th«  yellow  tcrBiilpIiide. 
[leater  part  of  ttie  ar»euic  of  commcroc  is  proi»in-il  froni 

(FvAh.FcSj),  an  aracnical  sulphide  of  iron,  furnished 
ly  by  the  Siletian  mines ;  uid  from  tl»e  snciiidi-»  of  nickel 
t,  which  yield  ars^uious  acid  as  a  sccoudary  product  in 
ury  proceM  of  working  tlic9«  orc».     The  separation  of  the 

eObctJ-'d  by  roasting  the  mineral  in  a  maiiiter  umilar  to 
loj'ed  for  driving  off  sulphiir;    but  the  ar«niioui«   acid 

produced,  being  tcsa  volatile,  ruore  valuable,  and  more 
U^  is  oundenaod  in  Ui;gv  chambcn,  through  which  the 
9  the  furnaces  pa&s.     The  emptying  of  these  chambers, 

pfiriormed   about  once   in   sis    weeks,  is  on  o{H-rittion 

wi^  danger  to  ihe  workmen,  from  tike   poisonous  and 

nature  of  tlie  lincly-powdcrcd  ar*ciiious  acid.  In  onlcr 
legrec  to  protect  tix-  mf-n  nhiUt  thus  enga^d,  they  arc 
lonther,  with  glased  apertures  for  tbc  eyes,  and  are  made 
Lbeir  mouths  and  iiintriU  with  (lamp  clutbs,  which  arrest 
bo  acrid  particles.  Much  of  tbc  acid  obtained  Irom  these 
I  u  in  the  form  of  a  tine  powder;  it  is  still  very  impure, 
thfTcforc  again  sublimed  in  iron  pots,  the  upper  part  of 
kept  moderately  cool ;  here  it  iit  condensed  into  a  trans- 
slf-fuacd,  vitreous  mass.  Tbc  lower  portions  only  of  thia 
t  are  pure,  and  these  are  sold  as  white  ar»emc  ;  the  upper 
r  resubliuicd,  or  arc  employed  for  tbc  puposc  of  furnisbiug 
kraenie.  lu  order  to  obtain  titc  metal,  the  sublimed  acid 
red,  mixed  with  charcoal,  or  with  twice  its  weight  nf  black 

beated   in  »n  eartheu  crucible,  upon  the  top  of  which  a 
tvcrtod  cnioiblc  is  luted,  and  screened  from  the  fire  by 
'  a  perforated  iron  plate.     Tbc  reduced  metal  is  condensed 
fpcr  crucible. 
eriict. — .Metallic  arsenic,  or  arsenicum,  aa  it  might  coo- 

bc  termed,  has  a  brilliant,  dark  stccUgrcy  lustre ;  it  is 
tic,  an<I  is  easily  reduced  to  powder.  \Vbeu  healed  to 
;]09cd  vessels,  it  begins  to  volatilixc  without  fusing,  and 
ca  indistinctly,  as  it  ts  coudenMil,  in  rhombobednt,  which 
>rphou3  with  those  of  antimony.  Its  vapour  is  colourless, 
esaea  a  puwcrftd,  opprewvc,  alliaceous  odour ;  its  com- 
*|umfi  is  the  same  as  that  of  oxygen  and  phonphoriiH, 
Iffiay  be  cxiH>scd  to  a  dry  air  without  undergoing  change 
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OXIDES    OF    AlSeXIC 

wliCD  PTpoecd  in  a  moist  state  to  tfac  air  it  a  slowly  oxidised,  and 
a  sulwtancc  known  aa  fiy-pouMUr  ia  formod  ;  it  18  probably  mixture 
of  areenious  acid  and  metallic  arsenic,  tbough  it  is  regarded  by 
«ome  chemi.tiM  a-i  n  suboxide.  If  the  metal  be  li4^atcd  in  open 
TCflMh  it  absorbs  oxygen,  burus  with  a  pccaliar  bluish  flame,  and 
is  converted  into  arsoniouM  ncid,  vlitcli  is  condeiiKed  a*  a  wliite, 
mealy  powder,  upon  cool  bodies  in  the  neighbourhood.  When 
thrown  in  fine  powder  into  chlorine  ga.t  it  takes  fire  spontaneously, 
and  is  converted  into  chloride  of  arsenic.  Bromine,  iodine,  and 
sulphur  aluotximbiiie  rcndily  with  arscnicum  when  aidwl  byagcntle 
heat.  Nitric  acid  easily  oxidizes  the  metal,  and  converts  it  into 
arsenic  acid  :  if  deflagrated  with  nitre,  it  i*  couvertod  into  anwoiate 
of  potash,  ilydrochloric  acid  escrta  hut  little  action  on  the  metal, 
but  if  this  acid  be  mixed  with  nitric  acid,  or  with  chlorate  of 
potash,  the  metal  is  rapidly  converted  into  arsenic  acid. 

A  minute  quantity  of  arsenic  ia  added  to  Itrad  to  facilitate  its 
aaaaming  the  globular  form  in  the  msuufaeture  of  shot.  In  the 
form  of  arscnious  acid  it  is  extensively  used  in  the  preparation  of 
green  and  yellow  pigments ;  it  is  likewise  employed  to  prevent 
smut  in  grain ;  and  le  used  in  the  manufacture  of  flint  glass  as  im 
oxidizing  agent,  for  converting  the  protoxide  of  iron  into  peroxide, 
in  order  to  get  rid  of  the  green  tinge  which  protoxide  of  iron 
communicatee  to  the  vitreous  mans.  Its  employment  as  a  poiaoa 
for  rermin  has  often  been  made  a  pretest  for  procuring  it  for 
criminal  puqioses. 

OxtnEs  or  Arsenic. — These  are  two  in  number;  both  liare 
acid  properties,  no  saliHable  oxide  being  known  ;  they  have  tbc  foh 
lowing  composition : — 

Aneoioiia  aatkydrid?,  AsO,    343$  +  'ia"i$ 
Arspoic  anbf  drido,     AsO,    34';S  +  fi^'it 

(703)  Ar»miout  Acid  or  Artenious  Anhydride  (AsOj=99); 

8p.  Gr.  of  vapour,  IS'S^;    Com*.  Vol.  i. — This  compound  is  the 

wkite  ar»mic  of  the  shops.     It  is  prepared  upon  the  lai^  scale 

during  the  roasting  of  arsenical  ores  in  the  maimer  already  dencribol. 

It  exists  in  two  modilicnlions,  a  vitreous  and  a  crystalline  form. 

When  purilied  by  rcsublimation  and  freshly  obtained,  it  i»  io  acmi- 

transparcnt,  vitreous,  Inmellatcd  masses ;    but  by  exposure  to  the 

air,  it  gradually  becomes  opaiiue,  and  of  a  yellowisb-whtte  colour. 

This  change  advances  slowly,  from  the  exterior  towards  the  interior, 

NO  that  the  mass  in  often  opaque  at  the  surface  whilst  it  remains 

transparent  in  the  centre.      Doth  varieties  of  arseuioua  acid  are 

frw)_j' soluble  in    hot   hydrochloric  wiidi  when  this  ralutioo  is 

boiled,  a  portion  of  the  arsenic  \\  KoW^viftS.  \w.  "Ovxii  Vi^wi.  lA  sa- 
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lU  U)«  Uqaiil  oools  tlie  rxnna  crj'stnltixes  in  transparent 

lUB  oi'tobedra,  ron«Utiiig  of  uncombincd  arscnious  Bciil ;  l>ut 

le  tmtuparent  rarietj-  baa  beco  employed,  tfae  fomuition 

crystal  in  lunrkctt  br  tbo  cmissioa  of  a  fla&Ii  of  ligbt  wbich 

nptiblc  io  a  darkened  room.     The  op(u|iie  Tariety  exbibila 

pbenomenon  iii  crjrstaUuing  from  its   solution.     A  hot 

,  of  ammonia  aUo  duaolres  arstciiiouH  aci<l  freoly,  and  (tc]io&ita 

iliydruiut  nclobLtlra  of   the  uncombiQcd  acid   on  cooling, 

with   prisiuatjc   m'»taU   of  diba:<ic  arH>iutc  of  ammonia 

l).      Ouilmurt  fouad  the  opaque  variety  to  have  a  specific 

of  3*699;  it  ia  len  denae  than  the  trauspnrcnt  form,  tbe 

I  gravity  of  wliit-h  he  atatea  to  be  3'7j85.     The  two  varieties 

er  iu  their  snlubiliCy :  aeconling  to  Buuj  {Comptea  Rendu*, 

1847),   water  disebliea  mueb  less  of  the  opaque  than  of  the 

mt  acid.     A  cold  saturated  sulutiou  of  the  vitreuuM  variety 

ily  dcpo&its   its  cxcesa  of  acid   in   tbe  opaque  form,   and 

between  a  and  3  per  cent,  in  aolutiou;  the  liquid  reddens 

Merv  grinding  to  a  fine  powder  eoiiverls  the  transparoot  ^ 

opaque  variety,  and  reduces  its  solubility.     Heat,  how 

ulually  recouvcrts  tbe  opaque  into  the  vitreous  modilica- 

that  loug-continucd  boiling  render*  the  opaque  as  soluble 

ivltraoufl  form.     It  ia  tlierefore  difficult  to  atate  tbe  precipe 

of  solubility  of  cither  form  of  tlio  acid,  because  the  two 

are  Uabhi  to  be  formed  in  vflryinj^  projiortion  iu  the  course  . 

[expcricDCUt.     The  largest  proportion  which  wotcr  will  dis- 

It  the  boiling  point  ia  between   r  t  and  1 2  per  cent.     Doth 

[acid  and  aqua  regia  dinolvc  arscnious  acid,  and  convert  it 

rsenie  acid. 

ArM-nioutt  acid,  when  heated  to  360",  softcna  and  ia  sublimed.  | 

Bt  fusiog,  ttcing  condensed  in   traus])arcnt  oetobedra  upon 

kmrfacc»,  but  it  occasionally  forms  lung  prismatic  necdica, 

^^pUi  with  those  of  oxide  of  antimony.  Its  vapour  is  without 

ijlt  is  coloartcsa,    and    contains    1    volume  of  vapour  of 

b  aiul  3  vuhimca  of  oxygen,  coiidvnfle<l  into  1  volume. 

W9K»Ue». — Arscnious  acid  is  soluble  in  solutions  of  the  alkalies 

■  their  carlK^intca :  with  potash   and   soda  it  forma  solohle 

Iliads  which  do  not  crystallixe.     Arseoitc  0/ potaih  has  been  ' 

HhnDally  for  many  yoara  under  the  name  of  fbwfrr**  Sotu- 

^Rke  arscnitca  of  tbe  earths   (particularly  antenitc  of  lime) 

larly  inaoluhle  iu  water,  but  are  readily  di&solved  by  acids. 

ne  <{/'  topper  (2  CuO,AsO^)  ts,  iu  a  commercial  point  of  view, 

MC  important  of  tlicae  salts ;  it  is  of  n  delicate  and  beautiful 

jcultmr^  constituting  tbe  pigment  sold  under  the  name  of 
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cheei^a  ffrern.  It  u  prcpnrvd  by  dinolving  i  part  of  oneniotis 
aiul  3  parts  of  carbonate  of  potash  in  14  of  water,  ami  adding 
tbe  liquid  to  a  boiUng  solution  of  3  jnurla  of  sulpbatc  of  cupper  io 
40  of  water:  the  itbude  of  green  may  be  varied  by  altering  the 
proportion  of  arsenious  acid.  Thia  compound  i*  a  dangcroua 
poi»o».  It  ia  aolubte  io  acids  and  iu  ammouia.  When  heated 
it  is  partiallf  decomposed,  and  antcnious  acid  aublimcR.  "Dm 
Sc}lw<ri^^fllri  gretH,  which  ia  al»o  used  larjfcly  as  a  pigment,  u  a 
double  salt  of  arseuitc  and  acetate  of  copper  [3  (CuO^AsOj)  + 
CuO,C,II,Oj],  wade  by  miiing  equal  ]>arts  of  arseitiuus  acid 
and  acetate  of  copper,  iu  solution  at  a  boiling  temperature,  adding 
HI)  vquul  bulk  of  cold  water,  and  allowing  the  misture  to  stand  tot 
sonic  days.  Arscuite  of  niver  (3  AgO,AsOg)  b  of  a  canarf* 
yellow  colour ;  it  ut  obtained  by  tbe  addition  of  a  nolution  of 
nitrate  of  silver  to  one  of  arscitite  of  potaab.  If  a  slip  of  bright 
cupjKT  foil  be  introduced  iuto  a  solution  of  arscuious  acid  in  hydro- 
cblono  acid,  a  grey  film  of  reduced  arsenic  ia  deposited  on  tltt 
copper ;  if  sine  be  substituted  for  copper,  arscmurcttcd  bydrogui  h 
evolved  (708,  70^).  Arseuioua  acid  iu  solution  may  readily  be 
converted  into  anenie  acid  by  acidulating  the  liquid  with  hydiv< 
cbtoric  acid,  warming  it,  and  gradually  adding  chlurate  of  potaih  at 
smalt  quantitica.  ArM:nious  acid  is  indeed  a  powerful  reduring 
,ageut;  its  solution  iu  liydrocbloric  acid  reduces  terchloridc  of 
gold ;  it  bleaches  permanganate  of  potash,  and  reduces  bichromate 
of  potash  to  a  acsquisalt  of  chromium. 

If  a  solution  of  arseuious  acid  in  carbonate  of  soda  be  mixed 
with  a  little  stjtrch,  and  a  solution  of  iodine  or  of  chlorine  be 
added,  the  arsenioua  is  converted  into  arsenic  acid ;  this  reactioa 
form»  the  basis  of  a  volumetric  process  for  tbc  determination  of 
iodiuc  and  chlorine  in  solution. 

If  a  minute  fragment  of  arsenioua  acid  be  heated  with  a  simiUr 
portion  of  acetate  of  soda  iu  a  small  test-tube,  the  diaractcristic 
and  peculiarly  oBbnsivc  odour  of  kakodyl  is  perceived. 

(704)  Ar*emc.  Acid  (AsOj=  1 15)  ia  obtmned  by  trtratiog  arse- 
nious  acid  with  nitric  acid  in  excess,  and  then  boiling  down  to 
dryiieaa  in  a  platinum  resnel.  A  white,  anhydrous,  somewbat 
deliquescent  mass  remains:  by  hIow  evaporation  of  ita  aolation 
ftr»f:iiic  acid  may  be  obtained  iu  liydratcd  ciystals  (3  IIO,AsO,  +. 
which  are  very  deliquescent ;  they  fuse  at  312'^,  and  lose  thar 
of  crystallization.  No  attempts  to  procure  tbc  dibasic  and  mono- 
basic forms  of  arsenic  acid  have  hitlicrto  been  soccosful :  but  it 
h<i»  becu  procurul  in  the  form  of  de&oitc  hydrates,  3  llO.AsO, ; 
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present  the  properties  of  the  tribasic  form.  The  first  U  obuiued 
\ij  L-vnporating  liic  ordiuary  aqueous  solution  at  2  ti° ;  if  the  tem- 
pcnUure  l>e  rained  to  300°  hard  prisms  of  the  dihydratc  arc  promred; 
uid  at  a  temperature  of  400°  tlie.ic  are  couverltHi  into  pearly 
scale*  of  llic  inouuhydrnto :  at  a  temperature  approacliiug  to  rcd- 
nCM  the  moM  beoomea  anhydrous,  aiid  if  heated  stilt  more  strongly 
It  fii»e«,  and  then  becomes  decomposed  iuto  arscnious  acid  and 
oxygen.  If  a  curreut  of  nulpliurou.t  acid  Ihj  trutiBinitted 
llinju^l)  its  »oi<itton,  the  arscuie  is  slowly  reduced  to  the  state 
of  arseoious  acid,  whiUt  sulphurie  acid  i*  rormetl,  AsOj  +  3SO, 
becoming  A«0,  +  3  SO,.  Arsenic  acid  has  recently  been  employed 
in  calko  priulinj;  to  some  extviit  w  a  substitute  for  tartaric  uud 
pho:ipI)oric  acids,  but  its  employment  is  dangerous  if  the  waste 
products  are  allowed  to  run  iuto  the  streams. 

Artejiiates. — The  arsenic  is  a  powerful  acid,  expelling  the 
volatile  a«ids  from  their  combiuatioas,  uud  decomponiiig  the  car- 
bonates with  effcrve^ceuce.  It  forms  a  scries  of  soluble  crystaU 
Ijzable  salts  uitli  the  alkalies,  which  prceeot  considerable  interest, 
as  they  are  isoinorphous  with  the  tribasic  phosphates.  Salts  of  this 
acid  may  be  obtained  with  3  atoms  of  fixed  base,  as  well  as  with 
I  and  with  3  atouis  of  basic  water.  By  adding  soda  in  excess  to 
arwmc  acid,  au  etUorcsccnt  salt  (3NaO,AsOj  +  24  Aq)  may  be  oh* 
taiaed  on  eva{ioration,  crystallixed  iu  pnsmatic  needles.  If  to  a 
hot  solution  of  arsenic  acid  carbonate  of  soiia  be  added  till  effer- 
vescence ceases,  the  suit  which  is  obtained  on  evaporation 
(HO,  2  JJaOjAsOj  +  14  Aq)  corresponds  iu  form  and  composition  to 
the  rhombic  pho.-'phate  of  soda,  though  more  usually  it  cryntalli^es 
with  14  Aq ;  aud  by  adding  to  a  solution  of  this  compound  a  quan- 
tity of  arsenic  acid,  equal  to  that  which  it  contains,  a  deliquescent 
ealt  {3  UO,NaO,AsOj-f  a  Aq)  is  procured,  which  crystallizes  with 
dilGculty.  The  corresponding  potash-suit  crystallizes  iu  bold, 
brilliaut  octohcdral  crystals  (3  I10,KO,AsOJ :  it  is  readily  pre- 
pored  by  deflagrating  e^utd  parts  of  arseuious  acid  and  nitre,  then 
dissolving  the  residue  in  water,  and  allowing  it  to  crystallize.  All 
thcac  salts  may  be  rendered  anhydrous  by  heat,  but  when  redis- 
solved,  they  recover  their  basic  water.  Au  arNeniale  of  magnesia 
and  ammonia  {II^NO.aMgO.AsOj  +  1 2  Aq)  may  be  procured  in  the 
form  of  priamatic  erystaJs  isomorphoiis  with  the  corresiionding 
phosphate  by  mixing  a  solution  of  sulphate  of  magnesia  coutainiug 
iLD  excess  of  ammonia,  with  a  neutral  or  ammoniocal  soluliou  of 
an  arseniate  of  one  of  the  alkalies :  it  is  sometimes  used  as  a  pre- 
cipitant for  arsenic  acid;  it  is  very  sparingly  «iolu,Vt\%  \'ci  ■«'&\i.V 
smmoaMoai  atdatJooBt  vh&tx  dried  at  aia,°  it  VwbCb  i\  K%  oa^  ^^»^ 
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UntA  salt  eont«u»  60*52  parU  of  tntnac  meiA.  A  bri* 
arscniatc  of  wUer  (3  AbO,A>Oj)  U  prmpitami  wb"  <mr 
in  wlDtioD  is  mixed  with  n  jolutioii  of  nitrato  of  al" 
readily  wlulrfe  in  csc«9»  ciUier  of  nitric  acid  or  of  unino 
ia  characteristic  ks  a  trot  of  arsenic  sctd.  Th«  aLrecni&t« 
(a  CuO.H  (), AsOj)  i»  of  a  pale  grocnish-Iiltie  colour ;  Uioie 
and  lead  arc  while ;  wliitet  the  salts  of  pcroKulo  of  troa 
uranium  |;irc  ycllourisb-white  araeniatcs,  mdiljr  aolublc 
of  diluted  nitrie  acid. 

(705)  StLPuiOBs  OF  AiuBKic— ArKnicnm  and  tollil 
be  melted  together  in  all  proportiona ;  but  they  form 
defined  compounds:  of  iheec,  the  mo«t  important  are 
phide,  or  realgar,  AmS,  ;  the  tvrsulphide,  or  orpiment,  Al 
tbc  pcntasnlphidc  or  tulpharacnic  acid,  AflSf. 

BiautphitU  of  Artenic,  or  Realgar  (AsS,=  107) ;  4tfH 
— This   Bubetanec  is  oceasiotially  fonnd  natirc  in  r^^i 
matic  cryfttaU :  it  may  be  prepared  artiftciatly,  by  heating 
7  parta  of  arscnicum  and  4  of  sulphur,  or  iij8  parta  of 
add  vtth  1 1 3  of  Mulphnr  ;  in  tlie  hktter  case  3  eciuivaleot 
phurous  aeid  arc  expelled,  and  1  of  rtalj^wr  are  tormcA : 
78  =  1  AnSj  +  ^SO,.  When  heiitwl  in  elowsl  TCi»cl«,  rcalgj 
and  ancnrnnls  is  sublimed  without  dcconipontion.     The 
ntHsa  is  hard,  brittle,  transparent,  and  of  a  beautiful 
Kealgar  is  insoluble  in  water:  it  ia  readily  attacked  by 
and  by  a<{ua  regia,  but    not   by  liydrocldorie   add ; 
pota)>eium   dissolves   it   aod   forms   a  double   sulphide, 
potash  decoinpo«PS  it,  luaving   a   brown   Kubsutpbidd  < 
(AsgS)  andinolved.     Bealgar  is  one  of  the  ingredieots 
Indian  Jire,  which  is  on«n  mcd  as  a  signal  light:  it  it 
of  a  mixture  of  7  parts  of  sulphur,  2  of  realgar,  and  34 
TtrrtilphiHe   of   Arttnic,    SutpAarttntoia    Acid,  or 
(AsSj=ia3);    Sp.   Gr.  3-48, — Orpiment   is   oocaaiom 
native  in  crystals  vliicb  have  the  same  form  as  those  of 
vii.,  the  obli<|ne  rhombic  pritim  ;  thrao  crystals  are  fldi 
liave  a  yellow  colour  and  a  brilliant  lustre.      It  may  bo 
artificially  l^  tranamilting  a  rtirrent   of  snipburottcd 
tliroiigh  a  solntion  of  nrscnious  acid,  or  of  any  nf  th« 
hydrochloric  acid ;  it  then   falls  as  a  brilliant  ycUo* 
powder.     If  the  solution  be  very  dilute,  part  of  the 
retaim^  in  solution,  forming  a  yrllnw  liquid  ;  by  exi 
uir  the  cice»s  of  snIphunHlal  hydrogen  cscajMSi,  and  t 
phidr  is  gradually  and  r-- I  •  '■-  ^1 ■•-I 

Tersulpliide  of  arsu  .  r  and  to  ii 
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•  Is  dceompoeed  by  nitric  add  and  hj  aqua  rcgia.  It  fuse* 
J,  Mid  wluin  liiatcd  ia  uir  burns  wit]i  a  pule  blue  flame  Id 
■C  niaji  be  sublimed  without  uudorgoing  decximpo^i- 
imonia  and  tlic  lix»l  alkaUoi  diMolvc  it,  and  form  colour- 
itioiw  containiog  an  alkaline  areenite  aud  aulpharecoite.  TLc 
M)lti[ioii  is  sometimes  used  for  dicing  ycUoir,  since  hy 
to  air  tbe  ammouia  evs|>orete8,  leaving  the  yellow  sul- 
Tinlj  adbercnt  to  tlic  Rbre.  Orpiment  is  also  soluble  in  k 
of  scs4)ui carbonate  of  ammoniit.  Ter.'iulpliide  of  ancnic 
ble  suljibtir  ooid,  so  that  lij'drosuliiliati*  of  unimouia  aud 
bidea  of  the  alkaline  nietala  in  tiolution  disaolre  it  easilj, 
double  sulphides  irhieh  are  decomposed  on  tbc  sdditioB 
id,  Orptnicut  is  tbe  colourinj^  ingre<t'icnt  in  Ihe  pigment 
'inj^M  yeliofc,  which  is  a  mixture  of  urscuious  acid  with  tliis 
Oe. 

tulphide  of  Artenie  {\tS^  =  i  ^ij),  or  Sutpluiratrnu:  Acid,  m 

aes  called,  corrcaponda  in  compod^itiou  to  aneiiic  acid. 

cpaix-d  by  transmitting  a  stream  of  sulphuretted  hydrogca 

a  iwlutioD  ofanenic  add;  a  yellow  precipitate,  resembling 

iu  appearance,  is  rcry  gradually  separated.     Upon  the 

on  of  heat,  the  pentaaulphide  fii&ea  into  a  dark  liquid,  and 

icddtsb -yellow  ^assy  substance  as   it  cuols ;  it  may  be 

in  closed  Teasels.     It  ia  solulile  in  tbe  alkalies,  deeom- 

carbonatca  with  cffcnesccnoc  if  boiled  with  their  solu- 

1   formji  cry«tull liable   compouudA  with  the  xulphidea  of 

is  of  the  alkalies  aud  alkaline  earths.     The  Bulpbur^snlt 

(3  KS,AsSJ  may  l>c  teadc  by  traunmitting  tinlphuretted 

through  tbc  solution  of  tbc  diarscniatt;  uf  potash.    When 

■liur-salt  of  arsenic  is  mixed    with   alcohol,  it  undergoes 

■ition,  and   by  cvapornting  the  alcoholic  solution,  after 

the  tQM>luble  jiortiun  by  filtration,  a  still  higher  sul- 

i^^]  was  obtained  by  Bcrxclius,  ia  brilliant  yellow  crys* 

Isctlrs. 

5)   CouFouNwB    OF    Arsenic    wiie   lltDaooB.t. — Arsenic 

oombiiiutioiia  witli  hydrogen ;   one   of  l\ie*e  h   solid 

nary  tcmi>eratures,  aud  of  a  cbcstnut-bronn  colour ;  it  is 

by   em|p!oyiiig  a  plate  of  amenicum   a.*  tbe   platiooilc 

4)  voltaic  decompunition  of  acidulated  water;  its  coinposi- 

not  boen  accurutcly  dctcrntined.     Tbe  other  is  a  gaseous 

s)  of  cousiderable  ini]K>rt3nee ;  it  corresponds  in  coiupo- 

l^asL-ous  phdcphiireltcd  byiirDgiti. 
Mr  oj  Arsen'tf,  Araenitirelted  tiyitrttyen  (lIjAs=7S]; 
4^,  CoMb.  trot.  4. — lliis  rcioatkable  gii«co«s  oompouud 
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»  nn  exceedingly  poi*onoa<t  body  ;  it  is  coloarlc«s,  untl  Lax  a  ftstid 
alliaceous  odour;  it  is  sparingly  soluble  in  water,  and  pome»e* 
ucithvr  neid  nor  alknliiw  qualities.  It  coiiM^t?  of  i  toIudic  of 
arsenical  vapour  and  6  volumes  of  hydrogen  coitdensed  into  4 
Tolumes.  By  a  tcropcratTirc  of  —40°  it  i»  re«]ticib1o  to  a  limpid 
coIcKirleaa  liquid,  which  remains  liquid  at  —  166°  K.  Arseniuretl^^ 
hydrogen  is  inflammable,  and  buniii  with  a  b)uish<wliilc  flame, 
whioh  depoftita  arsenieura  upon  eold  bodiea  introduced  witliiti  it, 
and  arsenioiis  aci<)  iipoti  tbuw  brld  above.  It  is  also  det^ompofcd 
when  catiHcd  to  pass  thron^h  tul)es  heated  to  a  temperature  a 
littje  short  of  redness,  metallic  arsenic  being  deposited  as  a  sted* 
grey  crii»t,  whilst  hydrngen  gas  e«cape«;  if  a  current  of  dry  »!- 
phurctted  hydrogen  be  transmitted  over  the  heated  crust  a  yellow 
Knblimate  of  sulphide  of  anfMiic  is  formed  which  is  ivot  acted  m 
by  a  current  of  hydrochloric  acid  gas.  These  reactions  distiagniek 
the  nr!>enieat  from  an  anlimoiiial  crnst,  which  by  similar  treat- 
ment gives  a  dark  orangc-cotourcd  sulphide  decomposed  by  a  csr- 
TCtit  of  dry  hyifrochldrie  acid  gai.  Chlorine  decomposes  nrwaio- 
retted  Iiydrogen  with  flame,  forming  hydrochloric  acid,  and  eauung 
Ihc  depoitition  of  a  nolid  brown  hydride  of  arsenic.  This  gas  i« 
entirely  absorbed  by  a  solution  of  sulphate  of  copper,  snlphurir 
acid  being  liberated,  whilsit  arsenide  of  cop|)er  w  precipitate^ 
Nitrate  of  silver  is  also  decomposed  by  arscniuretted  hydrog^^H 
Solution  of  corrosive  sublimate  likewise  dissolves  it  completely,  a 
compound  of  calomel  and  arsenide  of  mercury  being  formed.  It 
is  also  laqrcly  absorbed  by  oil  of  turpentine,  with  which  it  formi 
a  erystalline  compound. 

Pure  arseniurcttcd  hydrogen  may  be  prepared  by  decomposing 
with  sulphuric  acid  diluted  with  three  parts  of  water,  an  araenide 
of  sine,  obtained  by  heating  equal  weights  of  powdered  arsenicaa 
and  granulated  Einc  in  an  earthen  retort;  the  fused  mass  is  re- 
mored  by  breaking  the  retort,  and  is  subsequently  powdered. 
The  greatest  care  is  required  not  to  inhale  any  portion  of  ihb 
deadly  gas. 

(707)  TBBcnLoainF.  of  Arsunlc  {AbC1j  =  i8i*5;  Sp.  Gr.  (/ 
vttpottr,  6'3  ;  of  liquid  at  32**,  a'205;  BoHing  pi.  270*.) — Only  ooe 
compound  of  arsniic  with  chlorine  \»  known.  It  is  produced 
either  by  the  combustion  of  the  metal  in  chlorine,  or  still  lietter 
by  distilling  a  mixture  of  1  part  of  anteniciini  and  6  parts  of  cor- 
roaive  sublimate;  it  condenses  as  a  heavy,  colourlesa,  oily-Iookiiij 
liquid,  which  remains  liquid  at  — 20°;  it  fumes  wlien  CKposed  to 
the  fiir,  and  is  tmrnecUatety  decom^joaed  by  water  into  srseniou* 
jtnd  bj'drochloric  adds. 
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mmuioc  or  ARsevtc  (AiT,=456)  m»y  be  [nvparcd  hy  snh- 

■»  mixture  of ;}  pnrts  of  iodine  iind  i  pArt  of  the  meuJ  ia 
;  it  furma  brick-rL-tl  brilliant  flakes.  It  may  tim  be  ob* 
hr  <li|{t»tiiig  3  part*  of  pow(lerff<i  useoic  and  10  of  iodine 
of  wuUt;  the  clear  Itqind  yields  rc<l  hydnit«d  crystals  on 

Htion,  which  bf!Com<!  nnhydrons  irhen  hi>ated  to  their  fusing 
It  is  soluhle  in  almhol. 

lerbromide  may  be  formed  by  atintt^otis  means ;  it  is  a  crys- 
«oli(1  at  all  temperatures  1>claw  68°. 

le  ter/lnoridt  may  tx:  iirc|i»rcd  hj  disttllinj;  5  parts  of  flnor- 

ohed  with  4  of  arscnioat  acid  and  10  of  oooccntratcd  sul- 
add.     It  i!>  a  fiuning  cnloiirlem  liquid,  which  rapidly  ctM*- 

fgbvB*,  sud  is  decora  powd  by  water. 

>8)  CiiAiLtcTsas  or  thb  Cumpounds  or  AKftBKic. — Araenicutn 
with  most  of  the  metals,  alloys  which  arc  generally  brittle 
tf  fu.>ililc.      The  oompouads  of  thiti  metal  arc  all  highly  J 
PB  :*  the  aubhtance  which   haA   the  beat  claim  to  be  eon-  1 
d  as  au  antidote  to  it  is  the  rroshly-prccipitated  hydratod 
of  iron,   irhicli  »liotiId   be   Autpi^ude^l  in  water,  and  given  J 
.  a»  early  a«  possible  af^-r  the  cxhibitioD  of  the  poison.     It  is  1 
bplioable  when  aneuie  or  anenious  acids  have  beeti  taken, 
TuriiKi  an  insoluble   arsciuate  of  iroo ;  the   arsonioni  acltl 
[lartiully  oxidixed  by  the  excess  of  hydrated  peroxide,  which 
ntby  reduced  to  the  form  of  protoxide  of  iron.     Calcined 
Hi*  may  be  used  if  tlie  oxide  of  iron  be  oot  at  band.      In 
nf  arsuuical  poittonlng,  ]}utrerBCtion  of  the  body  after  deallt  ia 
nd  to   a   remarkable  degree ;  indeed,  in  sereral   instanoetl 
I  Uic  boily  hat  boen  'disiutcrnKl  several  mouths  after  death^l 
I  been  fuund  to  liave  lieen  sutlioieiUly  preserved  from  decajrl 
uv  many   of  the   principal  viscera  to  be  dtstinguished.     In 
QUVH  it  has  itut  unfrequently  happened  that  yellow  patches 
phldc  of  urficiiic  have  been  obwrvcd  in  various  parts  of  ibo 
ntary  canal,  although  it  has  been  aacertained  that  the  poison 
Kon  ftwallowvd  iu  the  form  of  arsctuous  acid.     These  patches 
Ktneut  are  occasioned  by  the  diHt.'uga);ciuent  of  sulphuretted 
igcu  from  tlte  decomposition  of  the  tis«ues,  by  whit-h  the 
KMu  acid  iMNomes  partially  oouvert^id  into  the  leraulphide  of 

ifMsuic  can  be  ideutifiMl  iu  ({Uiiutitics  so  ininute  an  to  be  i»- 
pablc  by  the  balance.     In   miocials   which  contain  it,  its 

IF  n  nitiL-iiIpir  stBtcment  rcHpoctiai;  lbs  ■ramie  eaten  of  Styria,  the 
<  a  jiaprr  by  Mr.  Heucb,  in  tbe  Pi«ri»ateutitatJiMnuit 
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ptCKtkoe  U  revealed  bjr  the  poculiiu-  g«rlio  odoor  vhidt  I 

when  a  fragment  U  heated  in  the  reducing  Aame  with  (■ 

of  wda  on  charcoal,  brfore  the  hlottpipe.       ^^1lCI)  tn  J 

the   oompoundtt    of   an«nic    may    be    ilvtectol    by   traal 

throMgh  the  solution,  ariduUtcd  with  uctic  acid,  a  itnaia 

ptia-Hled  hydrogen  for  six  hour«  ;  a  yoUow  precipitate  ia  tl 

doeed,  which  must  be  furtlier  examined  as  follows ;  ihc  liql 

be  eicposod  to  a  teini>erature  of  about  100°  F.,  in  a  ahalM 

for  MI  hours,  to  allow  the  excess  of  gas  to  escape,  and  thM 

tate  to  snbcide  comjilctcl}'  -,  the  clear  liquid  must  be  dean 

the  precipitate  collected  on  a  smalt  6Itcr.     A  tow  dreM 

mouia  will  diiwolve  it,  aixl  nti  evii]ionitiug  thi*  solution  ta  I 

glass  bv  means  of  a  water-bath,  the  tcr»ul))btde  of  aiacuJ 

left.     Thi»  snb»tance  ih  theii  subjected  to  the  procesiofra 

br  miuug  it  with  three  times  ita  bulk  of  black  flux,*  q 

mixture  of  1  jMtrt  of  rynniile  of  pottuaium  and  3  partaof  J 

of  soda,  prcTious3y  well  dried,  and  introducing  it  into  a  g 

of  the  diameter  of  a  oomnion  qnil),  care  being  taken  oil 

the  sides  of  the   tube.     Tbc   toixture   ia  heated  atroom 

hlowpi])r.  Olid  the  turseoic  is  condcn»cd  as  a  brilli&nl  ni 

ring  of  stcel-grcy  Itistrc  in  ttie  up|)cr  part  of  the  tube.    J 

actkn  which  occurs  when  carbouaic  of  potoab  is  used,  i*  i 

by  the  foUowiug  equatioo  : —  ] 

A»S,  +  3(KO,COJ+3C=As  +  3KS+6CO.  | 
Sniphide  of  cadmium  gives  a  yellow  preciiiilate  witn 
retted  hydrogen,  but  it  i*  insoluble  in  ammonia:  peraal 
alao  give  a  yellow  precipitate  with  sulphuretted  hydragcaj 
wetallic  cra:tt  when  they  nre  submitted  to  the  proceasof  n 
In  addition  to  the  preccdtug  tetta,  antcniona  acij] 
rradily  detected  in  a  neutral  st^ution  by  the  producttua  ofi 
prcdpilatc  with  llie  ammoHin-nilraU  of  tihvr.  This  tl 
prepared  by  adding  nniTiiDinu  tu  a  solution  of  nitrate  of  I 
Ttrj  slight  cxecM,  so  as  nearly,  bat  not  entirely,  to  mtiJ 
pnvipitftte  ofoxide  of  inlvcr  which  is  at    fir-'     '  1;  I 

Utuiil  is  dwAiUetl  for  use.     Tlie  yellow  ptrrn.  -   an] 

of  tUnr,  which  is  freely  aoluhlc  botjt  ia  unmouia  atul  in  nq 
Aa,  buwi-vrr,  the  tribiisic  pboeplintea       <  '''4B 

aawouia-uitrate  of  silver,  and  this  |i  .  J[| 

in  Bttrvv  acid  and   nmmntiia,  a  secoad  test  ahoald  be  If] 
tkff  — I tniO'tu fyihttle  of  copper,  which  i*  <  '  '    ^it  ■ 
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of  sulphite  of  copper,  by  tlic  addition  of  annnonia,  with  the  Kome 
precautions  ait  tlioM  prescribed  for  ihe  prejiaratlou  of  the  silrcr 
test.  In  neutral  ftolutioiw  containing  arscnious  acid,  this  copper 
teat  occaiionx  a  green  precipitate  consisting  of  antenitc  of  copper : 
it  is  soluble  both  in  ammonia  and  in  acids.  Thcsr8cuitei'of>ilver 
and  of  copper  are  formed  immedtatelr  that  the  tests  arc  added ; 
the  sulphide  of  arsenic  docs  not  appear  at  first  if  the  quantity  of 
arMnioiM  acid  Ik  ttniall,  as  the  conipouiidn  of  arsenic  are  decom- 
posed by  hydrosulphuric  acid  more  slowly  than  tliose  of  any  other 
metal  which  is  precipitable  by  lhi«  reagent. 

(709)  Search  for  Amenic  in  Organic  MUture$. — In  thcgrcntcr 
number  of  case*,  however,  where  the  search  for  arsenic  become.i  im- 
portant, it  is  mixed  with  articles  of  diet,  with  tlie  eontents  of  the 
stomach,  or  with  other  mattcrx  of  organic  origin,  which  render  pre- 
liminary measu  res  needful  in  order  to  get  rid  of  them.  If  the  sub* 
stance  be  in  the  liquid  form,  any  sediment  which  it  may  contain 
must  be  examint^  for  solid  particles  of  undissolved  arscnious  acid, 
which  arc  frequently  found,  and  to  which  the  preceding  tests  arc 
readily  applied.  If  any  Bolid  particles  of  arseiiiotis  acid  be  found, 
their  reduction  is  easily  effected  by  drawing  off  a  tube  to  the  thick- 
ness of  11  cniwqnill,  sealing  one  end,  dropping  in  the  suspected 
fragment,  addinfi;  a  minute  quantity  of  dried  carbonate  of  soda,  and 
tbcQ  a  few  small  fragments  of  charc<jal ;  upon  ignition,  the  metnl  i» 
sublimed,  and  may  be  recognised  by  the  steel-grey  ring  which  it 
forms  in  the  cool  portion  of  the  tui>e. 

If  no  solid  particles  of  the  acid  be  visible,  the  liquid  is  boiled 

^^Dd  filtered,  and  divided  into  three  portions,  one  of  vhicb  is  set 

^^bide  iti  case  of  accident. 

I  A  second  portion  is  submitted  to  Reinach't  test ;  it  is  for  this 

purpa-'C  acidulated  with  about  i',.th  of  its  bulk  of  hydrochloric  acid, 
and  boiled  with  bright  slip"  of  pure  ehxtrotypc  copper  foil  for  half 
an  hour.  If  any  arsenical  compound  be  present,  the  metal  will  be 
reduced  upon  the  surface  of  the  copper  foil.  The  copper  i»  then 
withdrawn  fiom  the  liquid,  washed,  dried  at  aij",  aud  introduced 
into  a  HJurrow  glass  tube  (of  about  the  diameter  of  a  quill}, 
which  is  then  drawn  out  to  a  capillary  neck,  taking  care  not  to 
heat  the  copper  foil  in  this  operation.  The  tube  is  shown  in  fig. 
338.  The  foil,  and  the  portion  of  the  tul>e  which  contains  it,  arc 
then  heated  nearly  to  redness ; 

the  arsenic  eombiucjt  with  oxy-    ^0^18. 

gen  derived  from  the  air  in  the  ^ 

tabe,  and  is  condensed  in  beau- 

tifai  traatpitrent  Qctohodra  of  arscnious  Bind  oa  l\ve  c:0'(A'c%c\(^  '^t.'4^\ 


part  of  the  tube.  The  name  experiment  must  1>o  first  tried  with 
ci>iipcr  and  hydrochloric  acid  employed  aloue,  lu  order  to  ascertain 
their  punty,  before  employiDg  tlicm  m  lesta.  The  prewtice  of 
iiitratcs  or  of  chlorates  interferes  « ith  l!ic  npptieation  of  RciuseV* 
teat,  a*  the  eO|)pcr  foil  bccuiiioi  di««>lv(?(i  Vflicii  l>ot1etl  with  th*  aei- 
(Itilatcd  solution  under  these  drcumotauccs.  If,  however,  the  liquid 
be  u<;idii]utcd  with  aii  excosofhydruchloric  acid,  aiid  bcevsponUjJ 
by  a  gentle  heat  oa  a  water-bath,  the  residue  may  be  subjected  to 
ReinMlt'n  process  at  usual.  A  slip  of  mt-tallic  co])per  OL-ca^toot 
precipitates  in  many  metallic  solulioiis  when  acidulatetl  with  hydro* 
chloric  acid  uiid  boiled  with  tliein  ;  »uch,  for  example,  a«  nntimony, 
biaroutb,  tin,  silver,  mercury,  lead,  aud  oadminm  :  cadmium  hum 
prccipitid)lc  from  a  eirongly  acid  Mjliitiou.  Of  tlieM  prcdpitalm 
mercury  is.  the  only  one  which,  like  arsenic,  is  volatilixed  by  best, 
but  the  sublimate,  wlicu  viewed  with  the  micrvitcopc,  is  acen  tooan- 
sist  of  globuloti,  and  ia  thus  easily  distinguished  from  arKeaic. 
Klorcuier  the  arsenical  crust  by  rrsublimatioii  is  conrcrted  into 
araeniouii  acid,  whilnC  no  such  obango  takes  place  with  mercury, 

Fio.  ijg. 


The  third  portion  of  tlic  liquid  is  subjected  to  Marsh'. 
the  application  of  this  test  depends  upon  tlie  formatiou  of  one- ' 
niurctled  hydrogen,  and  the  subsequent  dejHxtition  of  arsenic  trim 
it  by  suitable  appliwtliouof  beat: — A  nide-moutlied  flaak,  fig.  339, 
of  about  6  OE.  capacity,  is  charged  with  a  little  pure  granulated  xinc; 
through  the  cork  a  tube  fininet  is  passed  to  within  an  inch  of  the 
bottom  ;  a  bulb  tube,  lieut  to  a  right  angle,  passes  just  tlirou^ 
the  cork,  the  outer  hurixoutal  ttibe  c,  l)eiug  loosely  lilled  with  chio> 
ride  of  calcium  to  arrest  any  particles  of  fluid  which  might  be 
carried  up  by  the  eHcrrcscence  ;  it  is  prolonged  by  fitting  into  it 
mth  a  cork,  a  piece  of  Oe.TTOB.tt  \,viw.,  a,  ix^.  i,vm\  lead  aud  dmvn 
3ul  to  u  capillary  tcrmmatVoti.     Soo^c  ^^J.'«;■^^\vi,^■J^K^  v^  xwa^; 
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duoctl  by  the  funnel,  »ncl  a  little  pure  sulphuric  acid  added  to  oause 
a  steady  evolution  of  hydrogen.  When  all  the  iitnio.'«p>ic-nc  iiir  is 
expelled,  the  Ramc  of  a  Kpirit-lamp  is  placed  under  the  point 
where  the  papillary  contraction  commences :  if  after  ten  minutes, 
(he  teraporaturc  of  the  glass  Wing  at  a  red  heat,  no  indicatioua 
of  any  metallic  deposit  show  tUemnelvest,  llic  mnterialu  u?td  are 
sufl^catty  pure.  Whilst  the  heat  is  still  maintained,  the  suspected 
liquid  13  to  l>e  poured  thron^^h  tlie  funnel  into  the  bottle;  if 
ar«cnic  be  present,  immediate  voltaic  decomposition  ensues,  part  of 
the  arsenic  combiner  with  the  niwcent  hydrogen  ;  arscniiircttcd 
hydrogen  ie  formed,  and  the  gas  is  decomposed  as  it  passes  through 
the  heated  tube,  the  metsd  l>ciiig  depii^itetl  in  the  form  of  a  slecl- 
grey  ring  just  beyond  the  spot  where  the  heat  is  applied.  If, 
tOHtead  of  heating  the  capillury  tube,  the  gas  be  kindled  as  it 
escapee,  it  will  be  found  to  burn  with  the  peculiar  flame  of  antenic 
if  the  quantity  be  at  all  coiisiiU-rahlc,  and  if  a  piece  of  cold  white 
porcelain,  such  as  a  crucible  lid,  be  introduced  into  the  hnniiog 
jet,  the  more  combustible  hydn>gi-n  i»  burned,  and  brown  or  grey 
mirror-like  spots  of  reduced  arsenic  may  be  obtained  upon  the  cold 
plate.  Tartar  emetic,  if  present,  would,  however,  produce  anlimo- 
iiiuriitted  hydrogen,  which,  by  its  decomposition,  would  give  rise 
to  appearances  on  the  tulie  and  on  the  porcelain  resembling  those 
of  araeiitc.  The  antimonial  spots  immediately  disappear  when  a 
drop  of  hydro«n1phate  of  ammonia,  in  which  a  little  sulphur  ia 
di«Nolved,  is  added,  and  the  solution,  by  Ittt  sjtmitaiieous  evapo- 
ration, leaves  the  orange  hydratcd  tcrsulphidc  of  antimony;  but 
the  arjienical  crusts  arc  scarcely  acted  on  by  the  Iiydrosulphate  (Dr. 
Guy) ;  a  drop  of  a  dilute  solution  of  chloride  of  lime,  on  the  other 
hand,  immediately  removes  the  arsenical  spot,  but  is  without  aetion 
on  that  produced  by  antimony.  The  chief  practical  difficulty  in 
the  use  of  Marsh's  test,  arises  from  the  inconvenient  way  iii  which 
liquids  containing  organic  matter  frequently  froth  up  during  the 
operation.  The  l)e»t  raetlind  of  preventing  thw  connists  in  first 
heating  the  suspected  liquid  with  about  a  tenth  of  its  bulk  of 
hydrochloric  acid,  and  adding  a  drnall  quantity  of  chlorate  of 
potash :  the  organic  matter  is  thus  destroyed,  aud  after  the  liquid 
has  become  cool,  it  may  lie  wifely  added  to  the  kIhc  and  sidphurte 
acid  in  the  apparatus.  Marsh's  test  is  one  of  extraordinary  deli- 
cacy, and  the  result*  are  easily  and  quickly  attained.  The  process 
by  sulphuretted  hydrogen  and  sub^iequent  reduction  is  also  ex- 
tremely delicate,  and  open  to  no  objection  except  the  length  of 
time  required.  Reinsch'a  test  is  easy  of  awl^ca'-^wi)  ^'^^^  "* 
likewise  extremely  delicate.     The   ancuical  aufiU   i\«\i«i\\.e&.  "va. 

K  *  ** 

SS     Tb      "* 


UABCB   roa  AUCMIC   IK   8C8FBCTSD  POIMJKIKO. 


tube,  are   readily  ralilimed  br  a  gentle  beat, 
■vtrtcd  tuto  afscnious  acid,  wLJcb  fornu   bhlliiuitj 
cTvatab,  atid  these  again  may  be  Gu1i}cctc(l  to] 
aaia-nitrati!  of  stlrvr. 

it  may  not  be  (Njuible  to  detect  anen'u:  in 
to  c&iiminstiou,  it  not  uiiTrcqucntly  ttappnu 
I  «f  tbe  atoinacb,  anil  aonietimeB  tbc  liver,  will  yet  eo 
I  •alGiOient  ciuanttty  to  iriuU-r  ibi  itlcntifieution  |ir 
node  of  jirooeeding  iu  tbis  ewe  voitsista  in  cuuia 
R»  «lucd»,  heating  it  on  a  water-balb  «itb  a  fooi! 
<M^^«f  kfdrocUoric  n£u\,  the  mixture  being  (lilnted  witli  i 
ft  taavn  of  tbe  coaststeocy  of  a  thiu  paste.     Small 
tvl  poluh  tie  added  from  time  to  time  autil  a  \v 
fi^ud  is  obtaiDcd  ;  wbcn  cold  it   is  tittered  tbr 
tfe«  naidar  well  wmdM<I,  iinil  tlte  clear  liquid  is  codocdC 
vnfonami  by  a  heal  not  exceeding  that  of  the  «b 
,  FnnvBjiti  aitd  Vo»  Babo,  litbif^*  Ann.,  xltx.  387). 
b  1m-  mal  in  ^larsk's  apparatus.    Frcscniua  and  >'on  Bi 
to  nduoe  tbe  ancnic  acid  in  tbe  li<|nid  to  arwiiioiia  aiail 
a/  a  cnrTcot  of  Bulphurous  acid  {;as.    Tboy  then  beat  (^eatlj 
theeuonuf  «ulpburoui  acid,  prccipitato  tbe  anenic  by  (ulg 
hydnigeo,  eolloct  the  precipitate  on  a  atnall  Gltcr,  wuU,J 
out  tbe  sulphide  of  arsenic  with  ammonia,  erapomtc  ihic  1 
a  waleb-'glaaa,  tod  reduce  the  sulphide  by  mixing  it  nilbj 
timea  tta  weight  of  a  mixture  of  3  parts  of  dried 
and  I  of  cyanide  of  potassium,  and  Itcatiug  it  in  a  very 
of  dried  carbouio  add  gaa,  as  sliown  in  fig.  330,  iu  wbidtl 
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senU  ft  flasV  containitig  fragments  of  mnrblc  from  which  thfi 
carbonic  acifl  is  ^iHCogngi^d  by  the  acirlitiou  of  hydrochloric  acid : 
&  contikins  oil  of  vitriol  in  onlcrto  dry  the  issuing  ga«  ;  the  ameniciil 
mixture  is  placed  in  the  bend  of  the  tube  c,  and  the  metallic  crust 
sublimed  into  the  contracted  part  of  the  tube  at  d.  This  process  is 
complicated,  and  not  au|]enor  to  Reinech'ti  if  the  latter  be  conducted 
with  due  care.  A  very  delicate  mode  of  detecting  the  presence  of 
arsenic  is  afforded  by  the  action  of  the  voltaic  current,  which  may 
be  applied  without  diSicuIty  by  adopting  the  precautions  rceom- 
raendcd  by  Bloxam  (Q.  /.  Cktm-  Soc,  xiii.  12).  The  galvanic 
process  haa  the  advantage  of  being  applicable  to  the  detection  of 
Tirious  other  metallic  iwisons  if  arsenic  be  absent,  as  nothing  is 
iotroduced  which  interferes  with  their  identification  aubsequently 
by  appropriate  teRts. 

(710)  Batimation  of  Artenic. — It  is  not  easy  to  ascertain 
accurately,  by  analysis,  the  quantity  of  arsenic  present  in  a  com- 
pound ;  but  the  following  i»  iW  plan  geneniUy  adopted : — The 
metal  ia  precipitated  id  the  form  of  a  sulphide;  the  precipitate 
collected  on  a  weighed  filter,  dried  at  s  1  i°,  and  weighed :  a  given 
weight  of  the  sulphide  is  then  oxidized  by  means  of  nitric  acid 
(■P-  B'-  ''5') ;  *'>d  when  it  is  completely  dissolved,  the  sulphur  ia 
precipitated  as  sulphate  of  baryta.  From  the  weight  of  this  pre- 
cipitate the  iiiiaiitity  of  sulphur  is  calculated,  and  deducted  from 
the  total  amount  of  sulphide  of  arsenic  ;  the  difference  gives  the 
amonnt  of  the  metal.  The  sulphide  is  apt  to  contain  a  variable 
quantity  of  free  sulphur,  and  henoc  this  method  becomes  neces- 
•ary.  Before  it  can  be  adopted,  the  absence  of  all  other  metals  in 
llie  sulphide  must,  of  course,  he  ascertained.  The  arsenic  ncxA  in 
the  solution  may  further  be  precipitated  as  ar«eni«te  of  magnesia 
and  ammonia,  by  neutralizing  with  ammonia,  and  adding  a  solu- 
tion of  sulphate  of  magnesia  containing  chloride  of  ammonium 
and  ammonia  in  exeeas  :  100  piirtv  of  thiit  precipitate  dried  at  312° 
(II^NO,  J  MgO,AsOj  +  A(i)  represent  ^9-47  of  metallic  arsenic. 

(711)  Separation  of  Arsenic  from  other  Melah. — By  means  of 
sulphuretted  hydrogen  and  the  subsequent  aotution  of  the  sulphide 
in  hydrosulphate  of  ammonia,  arsenic  is  easily  separated  from 
all  the  foregoing  metals,  with  the  exception  of  those  which 
form  soluble  compounds  with  the  sulphides  of  the  alkaline 
metals.  A  solution  of  eesquiearbonate  of  ammonia  (free  from 
uncombtned  ammonia),  when  digested  on  the  mixed  hydratcd 
sulphides  of  arsenic  and  antimony,  dissolves  the  arsenical  sulphide 
only,  and  h-avrs  it  oh  evaporation.  Tlie  two  mc*A\»  i^*ft  TOai"j  ^w. 
n-p^imled  ly  Baaaen'a  method  with  bi»ulp\ivte  ot  v^^a*^  Vl'^^- 
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F[7i3)  Antimony  whs  well  known  to  the  alcIifitnUta.  It  U  t 
brilliant  bluUU-wliitc  metal,  of  a  flaky,  crysUlliuc  texture,  uid  » 
brittk  th«t  it  may  readily  be  rcduceil  to  i)ow<ler.  It  fuses  at  abooX 
840",  and  by  slow  cooling  may  be  olitaint'd  m  rliombobvdnl 
crystals,  whicb,  according  to  Mit»c!icrlicli,  arc  isoniorplious  aiili 
those  of  arsenic.  The  commercial  cakes  of  the  mcial  cxliibit  upon 
their  upper  surface  a  beautiful  ptniiiform  cry»talltnc  atructnre. 
At  a  briglit  red  licat  it  is  volatilized  slowly ;  the  opcrattoo  is  facili- 
tated by  trans mittiug  a  current  of  hydrogen  over  it.  Antimony 
is  inferior  to  most  of  the  metals  as  a  conductor  of  beat  and  of 
electricity.  When  exposed  to  cither  u  moist  or  a  dry  air,  at  onli- 
nary  temperatures,  it  uiidergoea  no  change,  but  if  heated  it  bun» 
brilliantly,  emitting  copious  white  fumes  wluch  consist  chiefly  d 
tei'oxide  of  iintiiuony.  Powdered  antimony  takes  fire  spontancovsly 
when  thrown  into  chlorine  gas;  bromine  and  iodine  also  enter  into 
conihinalioii  with  the  metul  with  great  evolution  of  heat  when  they 
arc  brought  into  contact  with  it  at  ordinary  teuipiTiiturcv.  It 
is  aLso  oxidized  by  nitric  acid  and  by  boiling  sulphuric  acid.  Aqiii 
rcgia  disKolvrs  it  readily.  When  finely  pondered,  it  is  diesolved 
by  strocig  hy<lrochloric  acid  by  the  aid  of  beat,  with  evoluliuu  of 
hydrogen.  ]tlctallic  antimony,  when  in  fine  powder,  is  readily  dii- 
Milved  hy  digestion  witli  a  solution  of  one  of  the  higher  sulphides 
of  potossinm,  w  hiUt  the  lead,  iron,  copper,  bismuth,  or  silver  «rhx& 
it  may  contain  is  left  undissolved.  Small  quantitie*  of  anwuic  and 
of  tin,  if  present,  enter  into  solution  with  the  antimony. 

Alloyx. — Tliis  inetid  is  not  used  alone  in  tlic  arts,  hut  it  culen 
into  the  composition  of  several  valuable  alloys.  Tt/pe  metal  is  one 
of  tbpxc :  it  is  composed  of  3  or  4  parts  of  lead,  and  i  part  of 
antimony.  Music  type,  in  addition,  contains  tin ;  and  the  <xm- 
mon  white  metal  used  for  teapots,  under  i\ie  name  oi  BrUamid 
metal,  consists  of  equal  pails  of  hra^H,  antimony,  tin,  bismuth,  and 
lead.  The  value  of  the  antimony  in  these  alloys  depends  upoB 
the  hardness  which  it  communicates  to  the  compounds,  without 
rendering  them  iueonvenicntly  brittle,  and  to  the  expansion  wbicli 
it  confers  u]H)u  them  in  the  act  of  solidifiaition,  so  valnahle  in  tlic 

I  case  of  type  metal.     Equal  parts  of  antimony  and  lead,  however, 

produce  a  brittle  alloy.     The  compounds  of  antimony  with  sine 
and  with  tin  arc  hard,  white,  and  brittle.     A  mixture  of  12  parts 
of  tiu,  i  part  of  antimony,  o.uA,  a  *\nA\  i^^iw.AxV'j  ot  «at{^jer,  fur- 
Dishes  a  tJuctile  alloy,  lonQ™g»»»iV"^'>^^^^^^'^^  Y»^K^.    \^'«»&.\« 
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Bub^ituted  for  copper  m  this  alloy  it  is  rcadcred  brittle.  Anti- 
mony also  coiubiucB  rciuHly  vtilli  ^'opper,  fiiriiishiiig  a  hurii  iiDoy 
[vhtcb  takes  a  good  polisb,  but  which  becomes  paler  and  more 
^brittle  in  proportion  a*  the  quuutity  of  Biitimiiiiy  is  inrrnwed.  If 
j7  jmrt*  of  powdered  auliraouy  and  3  of  iron  filiugs  be  exposed  in 
in  covered  crucible  to  a  very  high  ictnjicnitiii-e,  a  brittle  alloy  i» 
iformccl  eufficicDtly  hard  to  emit  sparks  when  filed. 

With  zinc,  aittimuiiy  uiiites  to  form  two  definite  idloys,  whieli 
jnay  be  prepared  by  fusing;  the  two  metals  together  iii  the  proper 
Iproportioit.t.  They  may  be  crystallized  by  n  method  similar  to 
that  adopted  in  the  ease  of  sulphur  by  fusion  (341}.  One  of  these 
(SbZu|)  CTyalallizex  in  long  ocicutar  priMon,  wliich  belong  to  the 
obliqtio  prismatic  system  ;  it  decomposes  water  rapidly  at  2 1 2°  with 
icrolntion  of  hydrogen.  The  other  alloy  (ShZuj)  crystallizes  in  broad 
platca  which  twin  together  on  an  octohedral  face.* 

In  conibinatioTi  with  bitartrate  of  potiuih,  oxide  of  antimoay 
ibrms  a  powerful  and  valuable  medicine.  The  tcroxidc,  when 
ground  up  with  linseed  oil,  furnishes  a  pigment  which  is  employed 
|to  some  csteut  as  a  substitute  for  while  lead :  it  is  much  icK<  in- 
jurioiu  to  the  health  of  those  who  use  it  than  pigmeats  which 
contain  lead. 

I  (7  '3)  Sxtraclion  of  Antimonj/. — Antimony  ia  a  tolerably  aban> 
d«Dt  substance,  and  is  always  cxtrnetcd  from  its  ter«ulpl]idc,  though 
It  is  frctiucntly  found  alloyed  with  other  metaU,  and  ia  sometimes 
met  with  in  the  native  stnte. 

The  Ktdphidc  of  antimony  usually  occurs  in  a  matrix  of  quartit, 
pulphate  of  baryta,  ami  limestone.  The  crude  antimony  of  com- 
merce is  merely  the  sulphide  freed  from  the  greater  part  of  its 
earthy  impuritiew.  This  purification  is  effected  by  placing  the  ore 
^pon  the  bed  of  a  reverberatory  furnace,  covered  with  charcoaU 


•  Mr.  J.  1'.  Cooke,  nlm  hnjutiiitied  tlipsonlloysmiiiutcly,  ftadsthat  inonch 
dw«  tho  CT^ntklliac  furm  of  the  niloy  in  irroanrvci),  aliliougli  tb*  proportion*  of 
llie  two  metalu  may  vary  witliiucoimidrnibti'  limiUi  thiu,  the  form  of  m^i'dluK, 
SbZn^  wliioh  would  rifijuirc.  if  in  Hioniii-  proportion,  n  pcr-ctntnu*  of  5^,7 
of  aatiEuoay,  U  (till  pr«s(;rrtM],  though  ltii>  uiitiinuny  mny  fall  tu  low  an  35'77 
or  may  Hm  as  liif^h  m  57'>4 ;  nliilst  llie  furiu  uf  plaU-a  (SbZii,)  in  obsvrvcd 
wiliuiat  any  variniion  in  llie  nti^^lar  n>«-ii«ui'i>mftits,  altli<juyii  the  (juantiCy 
bf  antimony  nay  full  n«  low  *■  fn':/;  or  may  rise  ss  liieli  an  tv^t. 
tbowll  6s'07  wotud  ittprctent  the  trim  atomic  proportion.  It  in  truf  both 
tliC  wnw  beloDj;  lo  thv  lamc  cn-Dlallirio  ■ystrni.  But  they  do  not  nppi'ur  to  bi.> 
8«rir«bl«  oae  from  thi-  other.  Mr.  Cooke  nugCPsti  thnt  tJienc  obnFiraliong 
taiar  ttirow  «&  important  lij^kt  ujion  Ihe  e&uit  of  the  bitbcrto  uu«iplaia«d 
VariattOB  ia  uomposiiion  ocuasionHlly  obaurvoJ  in  miiicrulH  uf  the  tame  rry«- 
■allioB  Rim),  th*  componrnts  of  wliii^i  Me  not  inomurplioue ;  and  lip  propone* 
{ho  ttfna  Allomeritm  to  dcfi^cnnte  mch  varintion  in  Ui^  proportion*  of  the  con- 
ltitaieni»oSiiieeTy»tailiac  compoimA  nithoiilauv  (TasiMLVi^<AuiiUa<-\nOa»cr)v 
UUaofinvi,  Uta  raryuig  eoaslttucaia  not  bfiug"i(ginot\>\»<JM»V\\.\n:tuJitt>jCtt«6X. 
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powder.  The  sulphide  mettft,  the  earthy  impuritiea  float,  anJ 
the  fluid  portion  is  drairn  off  into  an  iroo  basin,  and  is  aftcmardi 
coAt  into  loaves  or  cal(c«.  If  it  be  <lesired  to  eitract  the  roctat, 
the  sulphide  thug  purified  is  redured  to  a  coarse  powder,  and  agwn 
placed  upon  the  bed  of  a  rovcrbcriitory  furnace ;  tlic  tennieratim 
m»y  be  gradually  raised  to  dull  redncw,  but  mnst  be  modcriltd 
to  prevent  the  musH  from  entering  into  fusion  :  in  about  1 3  houn 
funics  cease  to  ri*e,  most  of  Die  sulphur  is  expelled,  and  a  nJ 
mixture  of  the  tcroxidc  and  tersulphidc  of  antimony  rcmaim 
During  this  process  copious  vapours  of  Hulphorous  and  antcnioia 
acids  are  given  off,  accompanied  by  a  considerable  portion  of  oxide 
of  antimony.  It  is  stated  that  nearly  20  per  cent,  of  the  mcbl 
is  lost  during  this  operation.  Tlic  roasted  mass  is  now  mixed  with 
about  one  sixth  of  its  weiglit  of  powdered  charcoal,  made  into  ■ 
paste  nith  a  strong  solution  of  carbonate  of  soda,  and  heated  ia 
crucibles  to  bright  rcductra;  the  metal  collects  at  the  Iwttom; 
a1>uve  it  is  a  scoria  consisting  chiefly  of  a  double  sulphide  of  sodium 
and  antimony.  This  scoria  in  known  in  the  arts  aa  tlie  croautf 
antimony.  The  metal  is  remeltod  with  the  scoria,  and  is  then  fit 
for  Kale.  )Oo  parts  of  sulphide  yield  nbout  44  parta  of  nietatUe 
antimony,  so  that  in  the  whole  process  about  three  ecrcnths  of  tbe 
antimony  are  lost. 

On  the  small  scale  the  metal  is  most  easily  proourcd  by  taking 
4  parts  of  the  powdered  sulphide,  3  of  crude  tartar,  and  i  i  of  nitre, 
mixing  theru  intimately,  and  throwing  the  powder  in  small  poT' 
tions  at  a  time  into  a  crucible  kept  at  a  bright  red  heat.  Tto 
qnaiitily  of  nitre  employed  iti  insuflicient  to  oxidinc  both  the  sul- 
phur and  the  metal,  and  the  sulphur  being  the  more  combustible 
element  of  ttie  two  v*  the  fir«t  to  nndergo  oxidation,  vrbilst  diB 
metal  melts  and  collects  at  the  bottom,  beneath  the  all 
Hulplmtc  of  potiu(h.  Commerciid  antimuny  commonly  containi 
arsenic,  iron,  and  often  small  ((uantitics  of  copper  and  lead. 

lu  order  to  obtain  antimony  free  from  arsenic,  Wiihlcr  mixes 
intimately  4.  pnrt&  of  finely -powdered  commercial  antimony  irith  5 
of  nitrate  of  soda,  and  2  of  anhydrous  carbonate  of  soda.  Tirt 
mixture  is  heated  to  rt^dncA-t  in  a  lleasian  crucible,  and  the  ontimonj 
burns  quietly  at  the  cxjxinec  of  the  oxygen  of  the  nitrate.  After  tin 
deflagration  is  complete,  the  crucible  in  covered,  and  the  mats 
is  kept  for  half  an  hour  at  a  temperature  sufBcicnt  to  soften  bul 
not  to  fuse  it,  from  time  to  time  pressing  it  down  with  »u  iron 
spatula.  It  is  removed  firoin  the  crucible  by  means  of  a  spotul 
whilst  StJII  in  a  pasly  ooin\il\ow,  VV\»^  i^vvVvvrnxal  uid  thrown  into 
boiling  water  :  the  soluuou  couUMis*  \X«.  *«*»»*»  tA  t»fta.,  li^^ 
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greater  part  of  the  antimotiiafe  of  the  alkali  remains  nndis- 
Bolved,  and  is  well  washt-d  with  boiling  water.  From  this  witl- 
IDoniatc  of  soda  the  mtrtal  k  extracted  by  melting  it  with  half  ita 
weigiht  of  crude  tartar.  The  product  thus  obtained  is  au  alloy 
of  antiroony  with  potassium:  it  U  hrokou  into  timall  pieces  and 
thrown  into  water ;  a  copious  discn^gcmcnt  of  hydropcn  takw 
place,  the  potassium  in  osidixi:^  and  diciHolvoil,  and  the  allov 
Ml*  to  powder.  It  Etill  retains  irou,  and,  somctimce,  lead. 
One  third  of  the  roaw  is  convertc<l  into  oxide  liy  meaiis  of 
nitric  acid;  this  oxide  is  well  washed  with  water,  dried,  and 
then  incoqK>ratcd  with  the  powdered  metui  ;  the  mass  ia  again 
melted  in  a  coTered  crucible,  and  pure  antimony  is  obtained  » 
beneath  a  laytr  of  funed  oxide,  which  retains  the  oxides  of  iron 
aad  lead. 

KMr.  Core  {PMI.  TVajw.,  i8^R,  p.  185)  bn»  dwcribed  a  rcmarU- 
tuo<l  ill  cation  of  antimony  which  may  be  procured  by  electro- 
lytic action,  in  tlic  following  manner  : — Dissolve  i  part  of  tartar- 
emetic  in  4  parts  of  the  solution  obtained  hy  di^aolving  sulphide 
of  antimony,  nearly  to  saturation,  in  hydrochloric  acid,  and  subject 
the  solution  to  the  Action  nf  two  or  three  ccIIn  of  Smee's  battery, 
A  metallic  deposit  haring  the  colour  and  lustre  of  highly<polished 
steel,  with  a  peculiar  niamillatcd  surface  and  an  umorjiltous  atruc- 
tare,  is  formed.  Its  specific  gravity  is  about  6'55-  The  metal 
thus  depojiiled  retain*  5  or  rt  per  cent,  of  terchloride  of  antimony, 
and  if  suddenly  struck  sharply,  or  heated,  it  undergoes  a  rapid 
molecular  change  atletided  with  «  rice  of  tempenituri!  amounting 
KOmctimCB  to  450*,  accompanied  hy  the  disengagement  of  abundant 
fumes  of  teichloridc  of  antimony.  The  heat  evolved  i;"  duRlcient 
to  boil  water  or  even  to  fuse  small  pieces  of  tin.  After  this  change 
Iiaa  occurred  the  metal  is  found  to  retain  its  cohesion,  and  il* 
metallic  aspect,  hut  it  becomes  grey,  and  acquires  a  granular  frac- 
ture, and  an  increased  denm^.  A  corresponding  suhiitaiice  may 
be  obtained  if  terhromide  l)e  substituted  for  tcrchloridc  of  anti- 
mony ;  the  deposited  metal  in  this  caso  retaining  bromide  of 
sutimony. 

(714)  OsiDEs  or  AsTiMosY, — Antimony  forms  three  wcTl- 
niarkrd  osidcs:  the  first  is  the  most  important,  as  it  constitutes 
the  basis  of  the  antimonial  salts  employed  in  medicine  Tlic 
Diiidcs  hare  the  following  composition  : — 

OnfM-  Antimon. 

Tturoxi^ SbOj  =i<'44  +  83S» 

Aatimonic add     .    .    .    SbO»  =  j^Sg  +  73-31 

AntimiTtiioni  arid .     .     .    RbO,.8bOt  =  10 1^  -V  'i^'^i 

Teroxidf  0/  Anlimony,  formerly  caUed  tttc  SeiquioiM*  V?SieK>^ 
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=  146). — In  tlic  nnliydrous  state  this  osidv  is  found  cij'stiiilued 
prisms  in  a  ram  miiveral  called  wkite  ttnlimoitj/  ore,  of  epecil 
gravity  ,5',0.  Tlic  anliydrouB  tvroiidc  is  bc*t  procured  Ijy 
jiowdcrcd  metallic  iiii(iin<;iiy  to  dr^itcM  in  an  truii  ladle,  with  cxcoa 
of  strong  sulphuric  acid;  an  insoluble  sulphate  is  fortncd,  and 
sulphurous  acid  m  dincngugcd.  To  remove  the  sulphuric  add,  the 
residue  it  treated  with  carbonate  of  soda  and  iif  ncU  washed  1  the 
grvyish-vhite  insoluble  powder  which  remains  is  the  tenMdde. 
When  heated  it  assumes  a  yellow  colour,  but  rocorers  its  white- 
ness on  cooling.  When  lieat<-d  in  closed  vesi^U  tt  may  be  melted; 
at  a  high  temperature  it  may  be  volstiliaed,  and  the  vapour  nuy 
be  condensed  in  brilliant  erystalliue  needles  isomorphoiui  vilh  the 
iinu.iual  form  of  ai-scnious  acid.  Occasionally  it  crystallizes  ia 
octohcdra,  like  the  common  variety  of  arMMiioua  acid.  In 
open  air  it  burns  like  tinder,  and  is  converted  into  antimoni 
acid.  Hydroi^hlorio  and  tartaric  acids  diBSohc  it  freely.  Nitric 
acid  converts  it  into  one  of  higher  oxides  of  antimony.  With 
sulphuric  acid  it  forms  an  inwiubic  sulphate,  though  ita  haaic  pro- 
perties are  hut  feeble.  In  tlic  hydrated  state  it  may  be  obtained 
by  pouring  a  solution  of  terchloridc  uf  untimony  into  an  eitccM 
a  solution  of  carbonate  of  aoda.  In  this  form  it  is  readily  eolu' 
in  solutions  of  potash  uud  of  soda  1  but  the  simple  ebullitiou 
c\-aporalion  of  the  liqiiid  causes  a  separation  of  tcrosidc  of  an 
mony  in  prismatic  crystals. 

(715)  Antimonic  Aniigdride,  or  AnHmonlc  Add  (SbOj=i62). 
— This  compound  may  be  obtained  by  oxidiuing  the  tersulphidc  with 
nitrie  acid,  and  expelling  the  c-icesH  of  nitric  acid  by  a  heat  belov 
redness.  It  is  of  a  pale  yclloir  colour,  is  tasteless  and  insoluble  in 
water.  A  strong  beat  exjK^ln  one  fifth  of  its  oxygen,  and  eouveiU 
it  into  the  antimoniate  of  antimony  (SbOg,  SbO^},  nhicli  is  a  while 
powder,  oHeu  ternit^l  antimomoua  acid,  but  whieh  poeseauzs  no  acid 
characters ;  for  if  treated  with  bitartratc  of  potash  it  is  decomposed, 
tartrate  of  antimony  and  potash  (fartar-atutie),  being  formed, 
whilst  antimonic  acid  is  left. 

Anljviuniaks. — Antimonie  acid  forms  definite  compounds  with 
the  alkalies  :  a  boiling  »>lution  of  potash  dissolves  it,  and  on  the 
addition  of  an  acid,  the  liquid  deposits  hydrated  antimouic  acid  ia 
the  form  of  a  white  jiowder  (SljO^,  4  HO),  which  reddens  litmus, 
and  is  freely  soluble  in  <'old  solutions  of  the  alkalies,  and  in  hydro- 
chloric acid.  The  hydrated  aeid  may  also  be  obtained  by  treating 
metallic  antimony  wilb  nitric  acid,  or  by  decomposing  the  penla- 
I'liloride  of  anrimony  with  water.  Fremy  slatca  that  sutimouic 
id  mar,  like  bino^idc  ol  \\n, W  o\iV&\w:\\i:vV«^TOoftcv^^»s;vao»i'ettl3L 
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or  wliicli  combines  with  (lifTciviit  amounts  of  base,  aad  forms  a  dix- 
tiui-t  class  of  salU :  Ut  otic  of  llu-ve  modiHcaUoiis  he  gives  the  tiainfi 
ofaHtimouic  add ;  ila  normal  salt  witli  potash  ha«  the  formula  (KO, 
SbOj  +  5  Aq)  :  iJie  other  mod  ifi  wit  ion  \w  t<;niu  melivilhiwnir  acid. 
To  the  uorinal  potash  salt  of  the  latter  acid,  he  assigns  the  funuuhi 
(aKO,SbOj). 

According  to  Fremy,  antimonic  acid  is  monobasic,  but  it  is 
capable  of  forming  both  normal  and  acid  salts.  Xoriaal  antiiao- 
niate  tffpolaah  may  be  proRurtid  by  heating  i  part  of  metallic  anti- 
mony with  4  parts  of  nitre  in  an  earthen  crucible-  The  whitu 
mass  »o  obtained  ia  powdered,  and  wadied  with  warm  water,  to 
ivmove  tlie  excess  of  potash  and  nitrite  of  potash.  The  residue 
must  be  boiled  iu  water  for  aii  lionr  or  two;  the  insoluble  anhydram 
nntinioniale  is  thus  couverted  into  a  toluble  hydrutod  niwlificatioii 
cousUting  of  KO.SbOj+j  Aq.  Tlie  insoluble  reaidue  now  con- 
sists chicHy  uf  biantimoiiiate  of  potash.  Tbe  narmal  #aU  port^CJiiies 
tlie  property  of  freely  dissolving  the  biatitimouiate,  which  is  pre- 
cipitated whini  sueh  a  solution  i«  mixed  with  any  neutral  !<alt  of 
One  of  the  alkalies.  The  normal  antiinouiate  does  not  erystalUic, 
but  forms  n  gummy  mass,  which  has  an  alkaline  reaction  ;  it  i$ 
readily  decomi>o»ei)  hy  iwiids,  iiicludiug  the  carbonic,  whilst  the 
biantimoniutv  is  deposited.  When  heated  to  330°  it  loses  3  out 
of  its  5  atoms  of  water,  and  becomes  insoluble. 

Bianlimoniale  of  Polash  (KO,  a  SbOj  id  obtained  by  traus- 
mitting  a  current  of  ciirbouic  acid  through  a  solution  of  tlic  nor- 
mal antimouiate.  It  is  soluble  iu  a  hot  solution  of  the  normal 
antimoniate,  and  in  deposited  in  crystals  as  the  liquid  cools. 

If  anUmooic  acid  be  heated  with  oxide  of  lead  it  combines 
with  it  and  yields  a  yellow  compound,  which  is  used  an  a  pigment 
under  ihc  name  of  Naples  yellow. 

(716)  Metrmtimonic  Acitl{2llO,  SbOj). — This  compound  derives 
its  principal  interest  from  the  circumstance  of  its  yielding  a  soluble 
compound  with  potash,  which  may  be  employed  as  a  test  for  soda. 
The  bimetaiUimoHiate  of  potash  (KO,HO,SbOj  +  6  Aq)  is  the  salt 
which  is  used  for  this  purpose.  In  preparing  this  compound,  anti- 
moniate  of  potash  is  Urst  formed  by  dcdagrating  aulimony  with  nitre, 
washing  and  boiling  the  residue  in  the  manner  already  descril)ed, 
«o  as  to  bring  the  whole  of  the  normal  antimoniate  into  solution. 
The  liquid  thus  obtained  is  Rltered,  and  evaporated  to  a  syrupy 
coDsistcuce  in  a  silver  dish ;  fragments  of  hydrate  of  potash  are 
then  added,  and  tbe  evaporation  ia  contiifued  until  a  drop  of  tlie 
liquid  plueei]  n/wn  a  colli  slip  of  glass  licgins  to  ct^»tai\wi  ■,  A  ^■v 
ibca  aJhtrcd  to  cool,  aad  the  alkaliuc  sunernatanl  Vwv\\St  \*  ^aMX^ 
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off  tli«  crystals,  whicb  srr  allowed  to  dram  apoa  ■  porous  tile. 
When  the  salt  U  required  as  a  test  for  soda,  30  or  40  grum  of 
thifi  re»i<Uie  are  to  be  washitl  quJvkl j  with  about  twice  tlieir  we^ht 
of  cold  water,  and  allowed  to  subside ;  this  washing  i«  to  be  re- 
peated two  or  throe  times,  in  order  to  remove  trace*  of  uIlicTiu^ 
potash :    lastly,  a   little   cold    water  is  to  be  digested  for  a  fc» 
Diiniite!)  upon  the  residue,  and  the  filtered  liquid    may  t>e  uwd 
to  ascertain  the  preseuee  of  soda.     The  presence  of  free  potaih 
impiiir*   till-  ddicafy  of  the   rcactiou.     One  great  inconvenicace 
which  attends  the  usie  of  this  reagent  is  the  circumstance,  that  if 
the  HoUition  be  kept  for  a  few  days,  the  bimetnntimouiate  of  potad 
passes  spontaneously  into  the  normal  autimouiate,  and  this  salt 
dues  not  precipitate  the  compounds  of  eoda;  both  »alt»  contain 
exactly  the  same  amount  of  acid  and  of  base  (KO,HO,SbOJ= 
(KO|SbOj.HO),  the  diflcrcnce  in  properties  being  dnc  to  diflercncc 
in  the  moleenlar  con»liliitiou  of  the  two  Halts.     If  the  solution  of 
bimctantimoniatc  he  boiled,  its  conversiou  into  normal  antiinocitall 
is  eflected  in  a  few  mtniitcN.     The  bimetaaiimoniate  of  soda  (XaO, 
UO.SbOj  +  6  Aq)  is  an  insoluble  salt.which  crystslliees  in  octobcdn. 
(7 1  ?}  Antimoniurdtfd  Hydrogen  {H,SI)?}— The  coini»o»itioii  rf 
tbis  gas  is  not  known  with  certainty,  for  at  present  it   has  ncrtr 
been  obtaitiwl  free  from  hydrogen.     It  is  inferred,  however,  to  con- 
tain  3  atoms  of  hydrogen  to  one  atom  of  the  metal,  becan&r,  wbca 
transniittcd  through  a  solution  of  nitrate  of  silrcr,  a  preciintate  of 
antimoiiide  of  silver  ia  formed,  concisting  of  Ag,Sb  ;  3{AgO,N0j 
+  Hj,Sb  becoming  3(I10,N0g)  + Ag^Sb.     Antirooniurette<l  hydro- 
^et\  is  formed   by   dissolving   an  alloy  of  sine   and  antimony  ia 
diluted  sulphuric  acid.     When  any  salt  of  antimony  is  poured  iota 
a  mixture  of  zinc  and  sulphuric  acid  whieh  is  disengagin|;  bydrogm, 
the  antimonial  salt  becomes  decom]iosed ;  one  portion  of  tlie  auti- 
mony  is  deposited  in  the  form  of  a  black  powder  upon  tbe  sar&cc 
of  tlie  aine,  whilst  another  portion  combines  with  tbc  bydrogen, 
and  assume*  tJie  ga»cous  state.     It  forms  a  colourless  gas 
is  without  any  marked  odour.     When  burned,  it   deposit* 
fumes  of  oxide  of  antimony,  and  if  transmitted  through  a  glass  tube^' 
heated  to  low  redness,  the  gas  is  decomposed,  and  the  antimonf 
forms  a  brilliant  metallic  crust  upon  tlte  heated  portion  of  tbc  tube. 
(718)  Stn.PBiDKs  op  AxTiMo»Y. — ^Two  compounds  of  antirooof 
with  sidphnr  arc  known  ;  the  tersulpbidc  (SbS,),  and  tbe   {lentH' 
Butphide  (Si)S^],  corresjwnding  to  the  teroxide  and  to  antiroonl 
add.     They  arc    usuaHy  re^rdcd  as  sulphur-acids,    mucc  tbc; 
bme  with  the  sulpbldus  of  t.\w  «\V«.\\w«  metals,  and  form 
iahs. 
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Tersulpkide  of  Aniimny  (SbS,  =  l70;  Sp.  Gr.  4-6). — This«ib- 
Btance  conatitutcs  the  ouljr  ore  fTx>m  whicb  tho  metal  is  obtained. 
The  native  sulphide,  or  ffrrjf  aaliiionjf  ore,  U  ueuallj  found  in 
lite  or  alate  rock&,  and  generally  contains  lead  and  arsenic, 
ides  n  rarinble  aiiiutint  of  pyrites.  Tlic  pure  Kulphido  cousists  of 
1-76  per  cent,  of  antiniony  and  28'24  of  sulphur.  It  occurs 
crystallizcxl  in  fotir-iuded  striutod  prism*,  wliicli  have  a  bhiisb^black 
colour,  and  a  strong  metallic  lustre.  It  ia  friable,  and  melts  below 
a  red  heat,  cry»taUixiiig  n«  it  cuuLs.  It  may  be  distilled  uucliangcd 
in  closed  vessels,  at  a  very  high  temperature,  but  by  roasting  iu  the 
open  air  it  i»  converted  into  a  fuHJblc  mixture  of  tcroxidc  and  tcr- 
Niilphide  of  antimony.  This  oxyxulphide,  after  it  has  been  fiiM^l, 
constitutes  the  commercial  ffttua  0/  aniimony,  which  contains  about 
S  parta  of  Hie  teroxide  of  antimony  to  1  putt  of  terstilphide.  If 
the  oxide  be  in  excess,  the  glass  is  transparent,  and  of  a  fine  red 
colour:  tho  greater  the  projiortion  of  th<-  sulphide,  the  darker  is 
the  tint.  The  glass  attacks  the  silica  of  the  crucible  in  which  the 
fusion  in  performed,  and  dissolves  a  cousideruble  [lortiou  of  it.  A 
native  oxgmlphide  of  antimony  (SbOj,  JSbSj,  known  as  red  anti* 
tnony  ore)  occurs  «ry»tiiUixed  in  oblique  riiombic  prJNuis. 

The  tersulphide  of  antimony  may  be  obtained  in  crystals  by 
melting  together,  at  a  red  heat,  a  mixture  of  »)dphur  and  toroxidc 
of  antimony ;  snlphurons  acid  escapee,  and  the  tersulphide  is 
formed,  thus :  2  SbO,  +  98  =  3  SbS,  +  3  SO,. 

A  red  amorphous  auhydrous  tersulphide  may  be  obtained  by 
boiling  a  solution  of  tcrehloride  of  autimouy  iu  hydrochloric  acid 
with  one  of  bjjmMdphite  of  soda.  The  anhydrous  teraiUpbide  may 
aUo  be  obtained  of  a  benutifulorange  colour,  by  transmitting  sulphu- 
retted hydrogen  through  a  solution  of  any  »alt  of  the  metal :  on 
l>eing  heated  in  closed  vessels,  it  assumes  a  dark  metallic  appear- 
ance, nMCmbling  that  of  the  native  sulphide.  If  healed  in  a  cur- 
rent of  hydrogen  gas,  the  sulphur  is  remoTcd  and  metallic  antimony 
is  left.  The  tidpbidc,  whether  artificial  or  native,  is  dissolved  by 
hot  bydruchlorie  acid,  and  furuishcs  a  couvciueut  source  of  pure 
ftulphurettcd  hydrogen,  ]>rovidcd  that  the  gas  be  waslied,  to  free  it 
from  traces  of  antimony  and  hydrochloric  acid  whicb  it  ia  apt  to 
retaiji  in  suspension. 

Tersulphide  of  antimony  is  readily  soluble  in  solutions  of  the 
sulphides  of  the  alkaline  metals,  and  funus  colourless  compounds, 
nhieh  have  been  regarded  an  double  sulphides,  or  suip/iatthiwnilea ; 
n  hot  Bolutiou  of  the  alkaline  sulphide  can  di»c>lvc  much  more  of 
sulphide  of  antimony  than  it  can  retain  wWu  co\&.-,  dM^Jojb 
iiiaa  of  aa  acid,  the  suljjliide  uf  the  alkaliue  mc\a\  \&  ^vkais^- 
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posed,  and  tlic  siilpfaidc  of  antimoDf  u  rrprccipitated.  If  ntlphi^ 
of  antimony  iu  fine  jxttidcr  be  boiled  with  a  aolutioa  of  carlnmle 
of  potasli,  or  of  rauttic  potash,  it  is  dissolved  ;  the  filtcnd  liqtiid 
on  cooling  <le{Kisiu  it  n^ldtHh -brown  »ubataiice,  knowu  as  kerma 
■minrral.  This  substance  is  uot  a  di-finitc  compound,  bnt  ts  • 
variable  mixture  of  terxuljihiiie  and  Leroxide  of  antimoiij,  the  latter 
being  combined  with  a  timall  portion  of  the  alkali.  The  action 
carbonate  of  {xitasth  on  the  sniphide  is  repnaented  in  the  foDoTitg 
cqnatioti  ;— 

6(KO,COj)  +  3(8bS^)=3(KO,aCO^  +  3KS  +  2SbS„SbOr 

la  this  mixture  of  SbS,  ami  SbO,,  H.  Row  found  m-ittalB  of  ttr- 
oxide  of  antimony,  which  were  visible  by  the  aid  of  tltc  microacOfCL 
Bilartrate  of  |)otiu<h,  or  diluted  liydrochlonc  arid,  dt«K>lrca  ont  the 
tcroxidc,  leaving  the  tcr»ulpbide.  If  to  the  liqnid,  after  depositice 
of  the  l(i;rinfn,  Iiydrocliloric  arid  l>c  added,  efTiTvcsecucc  takes 
place,  with  escape  of  Hulj)hurctted  hydrogen,  owing  to  the  decon- 
pokition  of  v^ulpbidc  of  potassium,  and  the  cxe<.'>!>  of  sulphide  of 
tintimoDy  which  it  retained  is  precipitate<l  as  the  golden  tulpindt  if 
antimimy.  This  sulphide  contains  a  larger  proportion  of  sulpliar 
than  the  Icrsulphide,  from  the  gradual  oxidation  of  the  antimooy 
in  the  solution  before  the  precipitation  is  cffL>ctcd. 

Fentatttlphitte  of  Anlimoni/  (SbSj=302),  or   Sulphantimtmc 

Aciil  as  this  eompoiind  is  oficn  termed,  may  l)c  obtained  by  tram- 

niittiiig  a  current  of  sulphuretted  hydrogen  through  an  acid  solo- 

tiou  of  pentachloridc  of  antimony.     It  forms  an  onuige-yellow 

lirmpitate,  which  \»  anhydrouti,  hut  i*  remnrkahle  for  the  facility 

with  which  it  combines  with  the  sulphides  of  the  alkaline  metals. 

The  tribasic  mlphanlimoniate  of  »odiwn  (3  NaS,SbS(+  18  Aq),  at 

Schlippc'd  salt,  crystiilllzcs  in  large  and  very  brilliant  trans]>a»iil 

tetruhcdra.     It  may  be  obtained  in  various  ways  :  the  easiest  pin 

eonsisia  iu  thoroughly  mixing  18  parts  of  finely^powdcred  ter«al- 

phidc  of  antimony,  11  of  dried  carbonate  of  sods,  i'{  of  quicklime 

and  ;-l   of  milpbur;  the  mixture  is  groimd   up  with  water,  and 

placed  in   a  wcU-closcd  bottle,   which   ia  completely  filled   witb 

water;  it   is   allowed   to   digest,  with   frequent   agitation,   for  14 

hours;  the  clear  liijuid   is  tiltercd  off,  and  allowed  to  evaporate 

(■pontaiieously  in   a  closed  vesispl  over  sulphuric  acid.     Tliis  salt 

when  mixed  with  an  acid  deposits  pure  pejitasulphidcof  antimony. 

("ly)  CuLOHiDBs    0/   Antimonv.^ — Antimony  hiu>  a  powerful 

aflinity  for  chlorine.     It  forms  two  chlorides,  SbCI^  and  SbCl^: 

tiiey  correspond  in  composition  with  the  oxides  and  sulphides. 

Trrdiloride  of  .^Nlimtinji  ;S\>C\j=a-As-.  ^-  ^*-  "^S  Vajowr, 
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1*1;  Roiliitff  pf.  4j^i° ;  K<i])p]. — This  Aiibntiinoe,  fi-om  ilsi  vfsuiy 
f\mh\iity,  was  formerly  kuowii  under  the  uanic  of  buf/er  o/  anti- 
It  ma;  1>e  oIit»iiied  i»  the  aniiydroux  form  by  (lutilliiig 
intimnlc  mixture  of  8  parts  of  corrosive  sublimate  iritb  3  of 
dered  tiictallic  antimony  ;  calomel,  tvrcliloride  of  atitiinuiiy,  and 
an  amalgam  of  antimony  are  formed;  2  Sb  +  4  IIgCI  =  SbCIj,+ 
SbHg.j  +  HgjCl.  Tercbloride  of  Btitiniony  may  l)c  more  cbraply 
))reparcd  by  mixing  sulphate  of  aittiraouy  with  twice  its  weight  of 
chloride  of  sM>Jium,  and  thea  distilling  the  mixture.  It  may  also 
be  obtained  by  distilling  the  residue  left  on  dissolving  teraulpliide 
of  antimony  in  hydrochloric  acid.  Tlio  ti-ichloridc  of  antimony 
ia  a  volatile,  fusible,  crystallisable  compound,  which  is  deliquescent, 
iind  powerfully  corro»ive  in  it-i  action  on  itninml  tissues;  it  is 
solable  in  hydrochloric  acid,  and  in  a  small  quantity  of  water; 
but  if  thrown  into  a  large  mass  of  irtttcr  nn  iuNotuble  vxyehloridc 
falls,  which  gradually  assumes  a  compact  crystalline  form,  con- 
sisting of  SbClj,  'X  Sl»0, ;  it  was  fonncrly  caWeA powder  o/algarolfi. 
On  dilutii^  a  hot  solution  of  terchlorido  of  antimony  in  hydi-o- 
cbloric  acid  with  hot  wnter,  it  deposit*,  on  cooling,  brilliant  needles, 
which  may  be  represcutud  as  (Sb('l„  j  SbO,) :  by  heat,  the  chlo- 
ride is  sublimed,  leaving  the  oxide.  Tcrchloridu  of  antimony  is 
fyr  broosiiij  gun-barrels,   in   order  to  prevetit  them  from 


Perchloride  or  PeniacMoride  of  Antimony  {SliCl^^igg'^)  it 
prepared  by  exposing  powdered  antimony,  gently  heated  in  a  retort, 
to  a  current  of  dry  (Chlorine  in  cxcchk.  It  forms  a  volatile,  culotir- 
l«w  lif^nid,  which  emits  dense,  suffocating,  white  fumes  when  ex. 
posed  to  the  air.  With  a  omall  quantity  of  water  it  forms  white, 
licliqiK'seent  crystals;  but  it  is  decomposed  by  a  large  quantity  ot 
water,  and  mclnutimonic  arid,  \vhi<di  retains  a  little  hydrochloric 
acid,  i»  deposited :  SbClj  +  j;IU)=SbO,+5nCI.  Dry  perchloride 
of  aatimony  absorlw  sulphuretted  hydrogen,  aiu!  fornm  with  it  a 
vbitc  crystalline  fusible  solid  (SbCI^S,),  which  corresponds  in  com. 
potition  to  ihc  chloro^nlphidc  of  phosphorus.  Both  the  chlorides 
of  antimony  form  deRaite  compounds  with  ammonia.  The  per- 
chloride of  antimony  is  sometime*  tiscd  as  a  chlorinating  agent, 
aJuco  it  readily  parts  with  a  portion  of  its  chlorine  to  many 
compounds  of  organic  origin  which  contain  hydrogen. 

The  terfnvmiile  of  antimony  i«  a  colourless  cry^ttalliue  soliil. 
The  teriodiile  is  a  solid  of  a  red  colour.  Tartar-emetic  (KO,SbO^, 
C^H^Ojg  +  Aq)  is  an  important  salt  of  antimony  irhieh  is  used  in 
medicine ;  it  will  be  described  hereafter  ^i  lO'/). 

(j3q)    CuAtLiCTESif   or    THK     CoMPOUSDS    OT    ^.N^V■»QS.^ . ts.'S- , 
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cording  to  P^ligot  (Ann.  dt  Chimie,  1 1 1.  X3c.  397),  teroxwle  of  »nti- 
muiiy  formfl  salu  which  contain  i,  3,  ur  4  equivalents  of  add. 
Moat  of  thciu  wlieii  lurgely  dilutntl  vith  water  bccmiiv  milkjr  fron 
tlic  (Ivpo^itiou  of  a  i>ubuilt  of  sparing  solubilit}* ;  but  this  milkinctt 
di&ap{iears  on  ihc  addition  of  tartaric  acid,  or  of  bitnrtrntu  of  pot- 
wh.  They  arc  alt  of  them  colourless,  and  when  taken  iutcrnalljr 
in  large  du»cs,  produce  poisonont>  ciTeeta.  Infiuion  of  cinchomt 
bark  yields  a  copious  insoluble  precipitate  with  antimoaial  v3i,\», 
and  it  liii.->  bet^n  rcoumnicnded  to  cihibit  tliiif  medicine  in  caccsof 
poinouing  with  autimony  :  it  is  not  however  to  be  relied  on. 

Kxcept  when  turtiiric  acid  \*  proent,  the  caiutic  aHalir»  givt, 
with  autinionial  salts,  a  white  precipitate  soluble  in  excess  of  tlw 
alkidi ;  ammonia  and  tho  carbnuaStM  0/  the  alkalia,  a  white  preti- 
pitatc  nearly  insoluble  in  excess.  But  the  characteristic  reaction 
of  tlicsc  oalts  when  111  solution  in  the  formation  of  an  orange- 
coloured  precipitate  of  hydratcd  tersulphide  of  antimony,  when 
their  solutLons,  acidulated  vtth  hydrochloric  acid,  arc  acted  on  by 
Bulphwetted  hydrogen  ;  thid  precipitate  is  soluble  in  h}'dro«iilphaU 

.gf  ammonia.  In  detecting  antimony  for  medico-legal  purpotM, 
ktimouiuretted  hydrogen  is  first  prepared,  and  sul»eq»ciitly  de- 
composed by  heat.  In  order  to  effect  this,  the  suspected  liquid, 
after  boiling  with  hydrochlorie  acid  and  a  little  chlorate  of  potatli, 
ia  filtered  and  introduced  into  Marsh's  apparatus  j  the  experiment 
i»  then  proecedwl  with  a»  dir^ted  fi>r  antenio  (;o9).  The  suspected 
solution  may  also  be  acidulated  with  hydrochloric  acid,  and  boQcd 
with  a  xlip  of  bright  copper  foil,  which  bocomcn  ciiated  with  a  violet* 
coloured  film  of  reduced  antimony :  when  heated  tbc  antimony  dots 
not  subhme  In  octuheitru  like  arsenic  ;  but  tbc  metal  may  be  idcnti- 
fled  by  heating  the  slip  in  a  tube  with  a  soluUoii  of  pure  potadi, 
exposing  the  sur&ce  of  tbc  metal  trecly  to  tlie  air;  tbc  antimony 
i*  gradually  oxidized  and  dissolved.  The  solution  should  next  be 
somewhat  diluted,  submitted  to  the  action  of  sulphuretted  hydro* 
gen,  filtered  from  any  Hulpbide  of  copper  or  leml,  and  then  on  tlir 
addition  of  hydrochloric  acid  in  slight  excess  the  antimony  is  pre- 
cipitated aw  sulphide  iu  characteristic  orange  flocculi.  This  preci- 
pitate may  he  diMoked  iii  hydrochloric  add,  and  nill  tbeu  give  a 
crust  of  metallic  antimony  if  iittrudncud  into  Marsh's  apparatus. 

(721}  Eslimation  of  Antimoaif. — Iu  determining  the  quantity 
of  this  metal,  the  solution  is  first  acidulated  with  a  mixture  of 
liydrochloric  and  tartaric  acid,  then  subjected  to  a  current  of  sul- 
phuretted hydrogen,  and  exposed  for  a  few  hours  iu  an  opcu, 
ahallow  di.sli,  at  a  temperatuTe  uot  exceeding  100'  P. :  the  excess 

oi'^uJphurettud  hydrogen  »  Oio*  %<*  tv^  «^,  wA  "Cufc.  ^Nwift  i;&>!Hb 


A 


SEPARATIO^r   OP  AlweVtC    FKOH   AXTIHDNV. 


•miraonj-  is  separated  as  salphido,  but  the  weight  of  the  dricil  pre- 
cipicated  sulphide  of  imtimtiny  cjinnot  be  rvVwA  upon  ks  furni^liitig 
a  correct  datum  for  estimating  the  metal,  because  it  is  liable  to 
eontaiii  a  variable  exwss  of  iincoinbiiied  ''iilj)hiir.  It  must  there- 
fore be  dried  at  212°,  and  weighed;  a  certain  proporlirmof  it  is 
then  dtMolvetl  in  hot  aqua  regia,  after  whieh  the  solution  is  mixed 
with  a  little  tartarie  aeid  ;  and  the  sulphur,  which  has  by  this 
mpiiiis  bwii  comcrted  into  sulphuric  acid,  in  precipitated  by  the 
addition  of  ebloridc  of  barium :  the  sulphur  ia  ealciitnted  from  the 
weight  of  th;r  sulphate?  of  baryta  obtiittii-d ,  mid  dcibtr-ted  from  the 
weight  of  sulphide  of  antimony  employed  ;  the  diffiTcnci;  is  esti- 
mated an  antimony.  According  to  Buuscn,  the  sulphide  may  be 
convericil  into  antimonious  aeid  (Sb(\,SbOjl,  in  whieh  furm  it  may 
be  weighed  by  proceeding  as  follows : — ^place  the  sulphide  in  a 
ooantei'poised  porcelain  capsule,  with  a  concai-e  cover,  moisten  it 
with  rwi  concentrated  nitric  aeid,  mid  evnportite  to  dryness  by  the 
aid  of  a  water-bath:  the  white  mass  of  sulphate  of  antimony,  which 
■•  left,  is  converted  by  ignition  into  antimonious  acid,  100  parts  of 
which  corresjioiid  to  7<)'22of  the  metal.  The  oxidation  of  the;<nl- 
pliidc  of  antimony  may  also  be  efloctcd  by  mixing  it  intimately 
with  40  or  50  times  its  weight  of  red  oxide  of  mercury,  and  nimply 
igniting  the  mixture  in  a  covered  crucible  until  it  eea^«s  to  lose 
weight ;  »ulphurou4  acid  and  metallic  mercury  are  expelled,  and 
antimonious  acid  is  left  as  before.  If  the  precipitate  eontaiii  a 
large  excc*«  of  sulphur  it  may  be  dlgesteil  with  hixulphide  of  carbon 
before  proceeding  to  the  oxidation.  Antimony  may  be  sepa- 
rated, by  meant*  of  i^ulphun-tted  bydroy;en,  fi-om  all  the  nielals 
previously  described,  with  the  exception  of  cadmium,  tin,  tung- 
■ten,  molybdcDuni,  and  amenic.  Sulphide  of  cadmium  in  not 
Boluhlft  iu  hydroBulphate  of  ammonia,  whilst  that  of  antimony  is 
soluble  ;  this  liquid  may  therefore  be  employed  to  separate  these 
metals. 

(722)  In  order  to  sepriraltr  urxntic  from  antmony,  Butmen 
{Ufbif^a  AnnoL.cvi.  8)  digests  the  mixed  ftps  hly-prcci  pita  ted  snl- 
phidcs  in  bisulphite  of  potn."!!.  If  the  tem^icniturc  be  gradually 
raised  to  the  boding-poiiit,  the  sulphide  of  arsenic  iadixsolvcd,  and 
the  sulphides  of  antimony  and  tin,  if  the  tnlter  be  present,  arc  left 
behind  ;  the  itolution  contains  arsenitc  and  hyposulphite  of  potash 
produced  by  the  following  reaction  :■ —  J 

1  AaSj  +  8iKO,  2  SO^  =2  tKO.A^O.,)  +6  (KO,S,0,)  +S,  +  7  SO,. 

Tltc  same  object  n;n_v  he  attained  by  dVssoWinf  \.\\e  sviN^\V-s.\\i. 
J  falutioD  of  sulphide  of  pata.<t^iuul,  diluting  w'\fti  'wtAet,  \.T*a.'C\'«% 
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with  sulphurous  acid  g;t$,  itiiO  boiling  t\\e  liquid.  The  snlphida 
of  antimoaj  and  tin  are  precipitated,  aud  the  arseoic  can  bo  throviL 
down  from  the  filtriiti;  by  means  of  sulphuretted  hydrogen. 

'Vhe  separation  of  antimony  from  /tin  in  k  metallic  alloy  mif 
be  vfTcL-ti'd  with  tok-rablc  accurncy,  by  dissolving  the  alloy  in  hydro- 
chloric acid,  which  is  to  be  mixed  with  a  small  proportion  of  nitrio 
acid,  in  order  to  prevent  loss  of  antimony  as  an timouiu retted  hydro* 
gen.  The  tvro  metaU  are  then  precipitated  together  by  means  of 
metallic  zinc,  aud  the  pulverulent  metals  are  weighed.  This  pn- 
dpitate  is  rediasolved  in  weak  aqtia  rcgia,  aud  is  digested  at  a  geiitie 
heat  upon  a  bar  of  tin,  which  throws  down  antimony  only.  TIm 
precipitated  metal  ii  collected,  waalied,  dried,  and  weighed. 


§  IX.  Bismuth  (Bi=iio).    Sp.  Or.  9799. 
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(733)  BisMVTU  is  not  an  abundant  metal :  it  occurs  ^ocraU; 
ia  the  Dative  atatc  in  qnarlz  rock,  and  is  extracted  from  its  matiix 
by  simple  fusion,  the  mineral  being  usually  heated  in  iron  tube^ 
which  are  plaee<l  acroas  the  furnace  in  an  iacliued  position  ;   the 

ore  is  introdueed  at  tha 
^'*-  33'-  uppcrend.niid  the  mdtei 

metal  ia  drawn  off  iiils 
iron  basins  below,  bf 
opening  a  plugged  aper> 
t»rc  at  intemUa.  fig.- 
3'})  shows  a  section  of 
the  fiiraacc  tised  at 
Sohueeberg  in  tliis  ope- 
ration, where  the  bis- 
muth is  extracted  bom 
an  ore  rich  in  cobalt 
Oocorionalty  it  is  found  as  an  oxide,  or  as  »  sulphide,  and  soroft- 
times  it  is  met  with  combined  with  tclluritim.  It  generally  con- 
tains silver,  which  may  be  extracted  by  cupcllatton.  lbs  miDM 
occur  for  the  most  part  in  Saxony,  Transylvania,  and  Itohemia. 
Commercial  biHrnuth  i»  never  pure:  it  is  apt  to  contain  a  litlW 
sulphur  and  arsenic,  which  may  be  got  rid  of  by  fusing  the  metal 
with  about  one  tenth  of  iU  weight  of  nitre ;  but  it  still  retain* 
silver,  lead,  and  iron.  It  may  be  obtained  free  from  these  impun 
ties  by  solution  in  nitric  acid  :  the  acid  liquid  when  saturated  with 
the  metal  is  allowed  to  become  clear,  and  ia  poured  into  a  tar^a 
bulk  of  water.     A  BY>annij,\3  wAw\A)£  »jSKi4VM.\»(A\w»«i)i'i'i.'\3kV4i** 


Ijurccipitated :  it  ta  WAshed,  dried,  and  reduced  l)y  ignition  witli 
tone  tenth  of  its  weight  of  charcoal,  in  a  crucible :  pure  bismuth 
coUecta  at  the  bottom. 

Properties. — Bismuth  ia  s  hard,  brittle  metal  of  a  reddixh' 
Trlute  colour ;  it  fuse*  at  507',  according  to  Uudbcrg,  or  513°,  to 
Pcraon,  and  it  expands  considerably  at  the  moment  of  eoiigela- 
tion:  when  pure  it  nmy  he  ol)taiii«l  by  slow  cooling  after  fusion 
(iSy)  crystallized  in  largo  cubes,*  which  are  frequently  hollow. 
Alarchaud  and  Sohei^rtT  found  that  the  density  of  bismuth  was 
diminished  by  powerful  compression,  probably  owing  to  the  for- 
Ixaation  of  minute  internal  fissures;  they  thus  reduced  it  from 
9"79<)  to  9'.556.  Bismuth  is  slightly  volatile  when  atrougly  heali-d. 
It  ia  but  liillc  altered  by  exposure  to  the  air  at  ordinary  tempera- 
turcs,  but  is  rapidly  oxidised  if  eiLjiosed  to  the  air  at  a  red  heat ; 
if  thrown  in  powder  into  chlorine  it  takes  lire :  it  also  anites  easily 
with  bromine,  with  iodine,  and  with  sulphur.  Hydrochloric  at^id 
has  httle  action  it.  Boiling'sulphuricacid  oxidlecs  it  with  evolu- 
tion of  sulphurous  acid  ;  but  its  proper  aolreut  U  nitric  acid,  which 
oxidixcs  and  dissolves  it  rapidly. 

C/xef.— The  applications  of  bismuth  are  hut  limited ;  it  is  occa- 
nonally  employed  instead  of  lead  in  cupellation :  some  of  its  oora- 
pounda  arc  uved  »a  pigments,  and  llie  nuhtiitntte  is  cmplovnl 
'medicinally.  Its  moat  remarkable  alloy  is  that  known  as  fiiaible 
metal.  This  is  composed  of  z  parts  of  bismuth,  i  of  lead,  and  1 
of  tin,  or  I  atom  of  bismuth,  \  of  lead,  and  a  of  tin.  The  mix- 
ture fuNcs  nt  a  little  below  312":  piuuiing  through  a  pasty  condi- 
tion previous  to  complete  fusion.  It  dilates  in  an  anomalous 
manner,  when  exposed  to  hent ;  aocordiug  to  Erman  it  espandK 
regularly  from  31*  to  95°,  tlien  contracts  gradually  to  131",  at 
which  point  it  occupies  a  less  bulk  than  it  did  ut  33°;  it  then  ex- 
pands rapidly  till  it  reaches  176°,  and  from  that  point  till  it  ruelth 
its  expansion  is  uniform.  This  faculty  of  expanding  as  it  cools, 
while  still  in  the  soft  state,  renders  the  alloy  very  valuable  to  the 
die  sinker,  who  employs  it  to  test  the  [wrfectlon  of  his  die, — every 
line  being  faithfully  reproduced  on  taking  a  cast. 

Bismuth  increases  the  fusibility  of  those  metals  with  which  it 
is  alloyed,  tu  a  remarkable  extent. 

(724)  OsiDEs   OF    BisMCTH. — Bismuth    forme  two  principal 
oxides,  a  teroxide  {BiO^,  and  an  acid  oxide  (BiO^) ;  beaides  these 

gthnre  is  a  compound  oxide  (BiOj.BiOj),  formed  by  the  nnion  of 
The  er^stal*  of  bisroolh.  liow«cr,  belong  to  thi>  r)ioiiil>o]i(>[tral  ayslpm. 
,  a*  lucy  are  mil  Lru«<  etibv*.  but  rhouibokedra,  the  auglcs  ot  «\u,cV  wn  vS^hvoL 
f^  jo' of  right  aogha. 
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(it-l         TCROXIDI,  KBOXIDE,  AMD  TERSULPUIDE  Of  BIBHUTH. 


r 

I  the  two  preceding  combinations.     A  binoxide  (BiO^)  of  a  bronn 

I  culour  vtk»  alio  obtained  by  Schneider :  it  bunui  into  the  tcroxidc 

I  when  heated  in  the  air. 

^_  Teroride  o/  Jiitmutk  (BiOj  =  234) ;  Sp.  Gr.  8-211. — ^This  com. 

^f  puuiicl  may  be  obtiiiiied  iii  the  nnhydroua  funn,  by  heating  the 
nitrate  or  the  »ubnitratc  of  the  metal  to  low  redness.  It  is  a 
yellowf,  iiiMihible  powder,  nhich  fu»e»  at  a  red  hwt,  and  i»  cn^ily 
itxluccd  to  the  metallic  state  by  hcatinj?  it  with  charcoal.  A  while 
hydrate  of  thifi  oxide  (BiOj.HO)  may  »l«o  he  procnretl  by  precipi* 
tating  a  salt  of  bismuth  by  an  cxcew  of  ammonia. 

Peroxide  of  Bitjituih,  or  biamutb'tc  add  (BiOj=a5o),  may  he 

F  procured  by  digesting  the  washed  hydratcd  teroxide  of  bi^imnth  b 
a  CO ncL-nt rated  soltiticu  uf  potiL-th,  and  truu.-sinitling  chlorine  ga». 
A  blood-red  solution  of  bismutfaatc  of  {lotaah  is  tliui  obtained,  and 
a  rid  precipitate  is  formed,  which  i»  to  be  well  washed,  and  ibctt 
digested  in  cotd  iiitne  acid  to  remove  the  oxide  of  bismuth  with 
which  it  IN  always  mixed.  A  red  powder  is  thus  left,  wlticht) 
iiydrated  bisiuuthic  acid  (IlO.IliOj) ;  by  a  beat  of  270"  it  i« 
rendered  uiiliydru\i«,  and  M^uincM  a  brown  colour.  At  a  some- 
what higher  temperature  it  loses  oxygen,  and  becomes  conrertcil 
into  the  intennedinteoicido,  or  bi*tniitliut(^  of  bismuth.  According 
to  Arppe  more  than  one  of  these  intermediate  oxides  may  he 
formed.  Bismuthic  acid  combines  with  the  alkalies,  but  Ihoc 
eotujiouiids  are  decomposed  by  mere  naxhing  with  water.  Tlic 
acid  is  decomposed  by  coiiceiitittteil  sulphuric  acid  at  ordinary 
temperature*,  and  by  nitric  acid  if  the  tcmptTratun:  be  raiiod, 
osygen  being  expelled  and  a  suit  of  the  tcroxidc  formed. 

(735)  TcKsri-piiioK  OP  HiHMUTH  (HiSj  =  a58)  oreurs  natire  as 
biMUtth  glance  Jo  delicate  necdloi,  and  in  crystals  isomorphous  with 
those  of  tiTiiilphide  of  antimony.  It  may  ho  formed  artiGcially 
by  fuaing  the  metal  with  sulphur:  a  fusible  dark  grey  compound, 
with  a  feebly  metallic  luAtre,  is  thus  ohlniiied ;  in  closed  vessdi 
it  is  decomposed  into  a  subsulphidc,  and  into  five  sulphur,  wbidi 
distils  ;  in  the  open  air  Nulplinroii»  aetd  escapes,  and  teixtxide  of 
binmuth  remains.  ^Mica  solutious  of  bismuth  arc  treated  with 
sulphuretted  hydrogen,  a  black  precipitate  of  torsulpliide  of  the 
metid  ia  formed.  Tersulphidc  of  bismuth  is  di^olvcd  bv  the 
metal  in  all  proportions,  a  circumstance  which  allbnU  an  easy 
method  of  obtaining  it  in  crystals,  since  the  tersulphidc  crystnllixL-» 
at  a  tcrapcratiin;  «t  which  Die  metal  still  remains  fluid. 

(726)  TEttCHLOKiDK  OP  BisMiJTii  (BiClj  =  3i6-5)  may  be  oh- 

taiaed  by  heating  bismwtb  i«  chlorine,  or  by  mixing  the  metal  in 

Site  powder  ititb  l*ice  iU  wiiv^Vt  v>S  tsiiiofevsii  wMxwisJjt,  itsvi.  ■ij*. 


3 


CnAtUCTEBK  or  TUB  SALTS  OP  DtHUUTII. 

tilling.  It  U  a  vcrv  fusible,  Tolalitr,  d^liqneacciit  compouTiil ;  but 
ift  <lccomposeid  by  a  larg<:  quatilit}-  of  watir  into  fret  liydrocliloric 
■cid,  and  nn  oiycliloride  of  bismuth  (UiClj,  2  BiOj  +  6  Aql,  known 
umicr  tbe  name  of  prarl  tcAHr.  Tliin  compotiiifl  is  insoluble  in 
tartaric  ncid,  in  polaab,  and  in  hydroaulphate  of  ammonia,  cha- 
racters which  di«tiuguisb  it  from  the  corresponding  oom[iound  of 
antimony. 

Tebiodidb  or  Biiuuth  (BilJ  »  obtained  by  beating  in  closed 
T«9sels  3  parts  of  biimuUi  with  13  of  iodine;  it  sublimes  in  »\\- 
sidcd,  brilliaTit  plntcs.  It  is  rcadilr  fusible,  is  of  a  dnrk  brown 
colour,  and  is  inmluble  in  water;  but  it  forms  soluble  compounds 
vith  hydrochloric  acid,  and  with  iodide  of  potassium. 

(727)  Nilrate  0/ Rhimuth  {\V)(\.^'SO._  +  i).\(i);  Sp.  Gr.  2-^y6. 
— This  Halt  is  the  only  other  soluble  compound  of  bismuth  of  any 
iiDportutee,  and  iit  eiutily  procured  by  dinwdving  tbe  metal  in  nitric 
acid :  it  may  be  crystallized  from  the  acid  solution  in  Wge  trans- 
parent prisma.  If  the  soluliun,  not  too  strongly  acid,  be  largely 
diluted  with  water,  an  acid  salt  remains  in  the  solution,  and  mb- 
nitrate  fall*,  eomiKwed  of  (5  BiOj,  4  NO,  +  9  HO ;  Becker) ;  it  was 
called  by  the  old  writers  magUlery  of  bismuth. 

(738)  Chabacters  or  trk  Salts  op  BisurTB. — Bismuth  when 
iu  solution  procnts  characters  less  marked  than  many  metals, 
ltd  udts  arc  colourlesa  unless  the  acid  be  coloured ;  tlicy  arc 
]wL40non:t  in  large  doses ;  its  solutions  have  ou  acid  reaction ;  when 
diluted  they  become  milky,  owing  to  the  formation  of  sparingly 
voluble  «ul)Kalts,  unless  a  largo  excess  of  acid  l)c  present.  Iron, 
zinc,  copper,  and  tht  throw  down  bi!>muth  from  its  solutions  in 
the  metallic  state.  The  alkalies  give  a  white  precipitate  of  the 
bydratcd  oxide,  wbich  i»  insoluble  in  excess  of  the  precipitant,  and 
ln-comts  yellow  by  boiling  it  with  the  liquid.  Solutions  of  the 
carbonalet,  phosphalrs,  tartratm,  and  fermcyamdes  give  white  prc- 
npitatcH  with  its  salts.  Phosphate  of  bismuth  \»  insoluble  in 
diluted  nitric  and  acetic  acids,  and  it  has  in  coDBCqaence  been 
propo»o<1  by  Chancel  as  a  convenient  form  iu  whicli  phosphoric 
acid  may  be  prccripttatcd  from  acid  solutions  (370}.  This  phos- 
phate is,  however,  largely  soluble  iu  hydrochloric  acid,  whilst  if 
sulphuric  acid  is  present  the  precipitat*  generally  become*  con- 
taminated with  basic  sulphate  of  bismuth.  SuIphvreUed  hidrogen 
tlimw.H  down  a  black  sulphide  of  bi>>niuth,  Hbich  is  insoluble  iu 
hydrosulphate  of  ammonia.  Chromate  of  potash  gives  a  yellow 
prcci|iitatc  of  chromate  of  bismuth,  whi(;\i  i»  iwftoVwViVe  to  c».'i>'C\e, 
potasli.  Bad  it  tbaa  rfjstinguishcd  from  chtomaVc  o^  \eBA.     BtSwt 
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_■— lite   Lia  sals  are  easily 
r--i    -fjii  jf   bismuth,   aro 

- . .    Zjmaaiion  of  Biamttii 
■-^     :  -iid  Teroxide,  joo  parts 

V:   r;-Til.     Carbonate  of  ammoi 
-  -  /.:.u  3i^c  :10c  contain  any  cli 

^  u.^riitr  ;:  b;*nmth  would  in 
vf  iiu  ,-i  :be  bi^mutli  would  be 
^~.~jti  ■zhd  =:e:al  must  in  sue 
.:-::  :c  ju-'jii-ie.  It  may  be  « 
::u-:.LJi.  iz-£  ^."^s  all  the  nieta] 
■:i«  ;r..T:^cr:-^  iT'  cadoiium),  by  n 

-le  !i:l  iZ'."  iiTi:;g  been  first  ac 
::i,  i.-.d  fr:~  she  metals  of  the 
I-  .■::r:-s:ir£:  the  mised  sulphide 
:ii  LTic^i-i    hvdrogen    through    tl 
i.nx'.cii.  which  leaves  the  tersi 

w  ::i(r  sulphides.     The  sulph 
u;:-.  i^i  precipitated  by carbona! 

1^  :'■::  »  few  hours  throws  down 

'.T-^  ,■:'  -■arbonate :  it  must  be  ig 

.;i7  ■-;:■.,•  a"!,".  :s  :hu»  expelled,  am 

'r  ■.*".. v. t';l  rixj  he  separated  fi 

.1  ■,•.:■.,:■,■..>  ■."  ;\-5.-s*  :o  the  solutioi 

■  ;   ;.\,";.i:-.;::i  is  retained  in  solu 
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J  I.  Copper  (Cu=ii-j).     i 

-  jc)  The  ores  of  copper  ar 

.iitly  found  native,  crystallized 

'iiiis  :    or  else  in  mn^scs,  as  in  1 

1-.      In  the  neighbourhood  of 
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^    -.  On  ■.•!   ,1  -ijc  mines  of  C 
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titiiui.  Otlicr  leas  abundant  ores  are  the  blue  and  ^reen  carbonates, 
and  the  red  ami  black  oxiilcM  of  oop|)er. 

The  ComiBh  mines  furnish  more  than  a  third  of  the  copper 
which  ia  amclted  in  (irent  Britain,  hut  coiit«i(lcrabk-  supplioN  of  ore 
are  received  from  Chili,  Cuba,  and  South  Australia.  The  most 
imjmriant  seat  of  Uie  copper  amclting  in  Swansea,  which  scud» 
forth  annuollv  from  i8,ooo  to  20,000  tons  of  the  refined  metal. 
North  America  and  Saxony  supply  the  larger  portion  of  the 
remainder.  The  Australian  ore  consists  chiefly  of  the  ^een  and 
bine  carlxniate  iu  a  siliceoutt  roatni ;  t\\c»c  ore-t  contain  From  3,5 
to  35  per  cent,  of  copper.  Cuba  furnishes  both  the  oxides  and 
the  anlphidcN  of  the  metal.  Many  of  the  ores  from  Chili  are 
valaable  on  account  of  the  large  proportion  of  silver  which  they 
contain.  The  Corni»h  copper  pyrites  UMunlly  occurs  (mixed  with 
Bmal)  quantilica  of  oxide  of  tin  and  arsenical  pyrites)  in  a  matrix 
of  quarts,  fluor-spar,  and  clay. 

(731)  Extraction. — The  main  object  in  the  treatment  of  such 
an  ore  as  the  Cornish,  is  to  oxidize  and  remove  the  sulphur  and 
arsenic  in  the  form  of  sulphurous  and  arHenioua  acids,  and  to  get 
rid  of  the  (piartz  and  oxide  of  iron  in  the  form  of  a  fusible  itlHg, 
eomj)oscd  of  silicate  of  iron  combined  with  other  earthy  impurities, 
leaving  metallic  copper  free  from  admkturc. 

After  the  ore  has  l)een  raiaed  from  the  mine  it  is  sorted ;  the 
purest  portions  arc  broken  into  small  pieces  of  the  size  of  a  hnzcl 
nut,  and  the  earthy  portions  are  ent.ihed  and  sifted,  as  in  washing 
tin  ore.  The  English  ore  Is  usually  so  mixed  that  it  may  cuutaiu 
an  average  of  8'^  jicr  oeiil.  of  cop[»cr. 

The  theory  of  copper  smelting  as  practised  at  Swansea,  like 
that  of  many  other  oi)erations  in  the  art*,  is  simple,  tbongh  the 
working  details  have  the  appearance  of  being  complicated.*  Ho 
princigwl  proce»se«  may,  however,  be  enumerated  as  foUowa : — 

I.  Calcining  the  ore. 

s.   Melting  and  granitlating  for  eoiimc  metal. 

3.  Calcination  of  the  coarse  metal. 


*  The  apparent  compllcstion  of  the  prooeu  arlsei  ttaia  one  of  Its  grtai 
prs^ie«l  mvnl*— Tiz.,  from  th«  circuro«t«noe  that  it  adoiiu  of  beiujc  moilitiijd 
lo  *uit  ftliDott  (TSTj  Turioty  of  ore.  nnd  th(i»c  modiflontiiinn  nocrii'iirily  toii<1 
to  idl-ttoic  it*  complexity.  Lo  Piny  cminieralci  nx  principal  mrietioii  at  am* 
u  beinfc  wrounht  by  thii  method. — 1.  i'vritoiia  of«».  ponioinina  from  ^  to  15 
j>«r  cent,  of  cu|>pur.  >.  Rk'li«T  urci  I'f  lln'  Humu  kind.  ]'icldiri)(  frum  15  to  2% 
piT  cent,  of  «)i>per.  ^.  Silici'oii*  o\idi'8  of  Clipper,  yiclduis  from  u  to  10  per 
ci'nt.  of  laelsl.  4.  Ojtido*  nad  mrbonnt*-*  with  «ub"ulpliiiie  of  copper,  in  usili- 
onnu  matrii.  5.  Wry  puro  »i!ii>eoii»  milphidcg  of  uopper  atiil  iron.  vwUiuui, 
from  to  to  >s  pcrecjit.  of  copper;  nnd  6.  Puri"i(u\p\iiOie6aiv4w.45*iAi:*>"i'^» 
coalMiaiog  Ovm  60  to  So  por  cent,  of  the  metal. 
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4.  IkteUing  for  fine  metal. 

5.  Roanling  of  tlic  tine  metal. 

6.  llciiiiiiig  aiid  t»ii)jli<:iiiii^. 

Vie  rimii  make  a  fcir  rcmarka   upon   each  of  Uie*e  processes  ia 
succession. 

(732)  I.  Calcining  the  Ore. — Tlie  cslciiutioii  U  cuivdiieLcxl  iu 
lar^e  reverberator^-  ruriittci:K,  uix)ii  (lunntities  of  about  3  toas  lit « 
time ;  the  heat  is  iDocleratc,  so  as  to  avoid  fusing  th«  niiu*,  which  ii 
spread  evenly  over  the  Hoor  of  iht^  furiiiice,  and  stirred  atiutcnals 
of  3  hours:  this  roasting  is  coutiuucd  for  li  hours,  at  the  citil 
of  which  time  t]ie  Diasa  is  comerled  iuto  a  black  powder  coo- 
luiniiig  Kulphidc  of  copper,  oxide  and  undecum[i(j»otl  Mul|ihiile  of 
irou,  and  eartlijr  iinpuritivs.  Onygtni  tu»  a  atiijuger  alKuity  fui 
irou  than  for  copper,  but  the  affinity  of  sulphur  for  copper  ia 
greater  than  for  iron ;  and  the  elTcct  of  the  rousting  is  sc«u  ia  the 
production  of  oxide  of  iron  and  fulphurous  acid,  whiNt  the  miI- 
pbide  of  copper  remains  unacted  upon.  During  tliis  and  the  sub* 
scqucut  ])roccssc8,  abuudaut  white  dehtcrious  funics  are  given  ofl*; 
coutaiiiiug  OTKUiiou",  xulphuruiu,  vuljihnrie,  and  hydrofluoric  acidt, 
and  a  certain  portion  of  metallic  arsoiiic.  These  fumes  huug  like 
a  dcii^c  cauopy  over  tlie  ^niclting  work*  and  their  vicinity :  the 
cloud  of  copper  smok^,  a&  it  is  called,  may  he  disccruvd  at  the  dis- 
tance of  many  miles. 

The  ealcinint/  furnace  employed  in  Wales  is  shown  in  seclMn 
iu  fig.  33},  and  a  ptau  of  the  hearlh  is  exhibited  in  it^.  333.  a  is 
the  fireplace :  b,  the  liridge ;  c  c,  the  hearth  or  roa»tiiig  bed;  dd 
are  apertures  in  the  floor,  througli  nhicli,  by  wiUidrawiug  an  irva 
slide,  the  charge  can  lie  allowed  to  pa^a  iuto  the  ctii,  or  vault,  e, 
when  the  roosting  is  complete ;  /,  /  arc  the  flues  ;  jr  is  an  opeuiu^ 
for  the  admission  of  air  to  the  hearth ;  ii,  n  are  hoppers  for  chiu^giug 
the  furiiiiee,  and  t,  a  platform  over  which  the  horroas  of  ore  ore 
conveyed  to  the  iioppera. 

The  fuel  used  in  roasting  the  ore  is  cbicSy  anthracite,  a  coal 
which,  under  ordinary  management,  yieldii  no  Hanie.  Flame,  how* 
ever,  is  absolutely  necessary  to  the  proper  roasting  of  the  copper 
ore :  experience  has  taught  the  eopjwr  smelter  to  obtain  this  deu- 
deititum  by  limiting  the  supply  of  air  to  the  fuel  in  the  fire-grate, 
thus  causing  the  carlwuic  aetd  which  is  formed  at  the  lower  part 
of  the  Jirc  to  be  converted  into  carbonic  oxide.  By  a  uioe  adjust- 
ment of  the  supply  of  air  through  y,  the  other  apertures  of  the 
furuocc  being  closed,  the  carbonic  oxide  is  gradually  bunied  as  it 
piays  orer  the  ore  upou  the  hearth,  c  c  ;  the  maximum  of  heat  is 
thus  obtuiueil  at  the  Tmuunum  co&^.  ol  Vw^i  ^^^  ■n.'^KfWf^  w:<>^ 
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omplctt;!}-  burned  bofore  it  r^aolice  the  flue.    An  admirable 

k  uf   llii«   iijf.TAtiun   IN  givi^u  lij*  Lc  V]Ay  in  liia  elaboratu 

OH  tlif  Wclali  method  of  copper  smeltiug  [A/m,  da  Minfi, 

i.  1 28).* 

Fio.  XV- 


^)  a.  itrllMg  Ji^i  Li,;..,SL  -L'.i.jj,-  .u^  i„,.  iul  ore  i»  now 
cid  to  Tu^ivu  iu  tlie  ore  furnace  witli  ceruiii  iiroportiou*  of 
te  prwliico  of  a  suWciiicut  opcntion,  of  siliceous  ore  free 
|iUur,  lutd  of  tltior-Niuir  if  neceuarjr:  by  tim  ntc«nK  llic 
it  cuiivertcd  into  a  fuHibk-  slag,  consisting  cbicUy  of  fiilicata 

1 1i«at  emiUed  during  tUu  combuMion  of  a:>Uiriicit«  u  verriotonoo, 

B  rnjiid  uii<l&lioD  of  tlie  firo-lian  of  llip  furnsro.    Tbia  Furl 

'i^vrii>eai>4!  of  «(>liltiit)i  iitlo  rouU  fnEmrtit*,  wliivli  (ihokv  ibu 

ii  ''  -s,  if  tbo  liml  be  luddnil^v  spplii'd.      Tbe  coptMir 

I  ^Suallirs  by  praploymanijrnii.-  <-oiiPt»ling  only  of  n 

i:o  inlii  eouloct  <riOi  Ike  fud  ilai'lf.  bul  oul_v  w.Ti'<> 

rt  r  uKiiiuMd  dutiog  tbe  combuatkin  of  lk«  real.    A 

L^:  .    -    -  -       .'-bes  tbiclr,  nMUupfmthv  fire-ban.  and  nboTutliu 

^bami''!:  I'raa  lirar  to  liino  Uu  ffrpauui  raaiorM  portion*  of  tlie 
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of  iron,  and  into  Hulphides  of  copper  and  of  iron,  which  sinlc 
thnxigh  the  elng,  and  form  what  is  termed  a  malt.  This  fusion 
occupies  about  ^  hours,  each  olinr^c  containing  about  1 1  ton  of 
roasted  ore.  The  matt  thus  procured  conlaias  about  33  per  cent, 
of  copper :  it  is  run  off  while  litjuid  into  water,  by  which  it  it 
granulated.  The  product  goes  by  the  nttmc  of  the  coarte  infbi/- 
The  slag  which  RoatA  above  the  ni»tt  ih  raked  out  of  the  furnace 
at  a  ftcparmtc  apcitnre.  It  ought  to  contain  no  appreciable  qoaa- 
tity  of  copper. 

3.  Calcination  of  the  Coarte  Metal. — The  granulated  metal  i> 
again  roasted  for  34  honi»,  during  which  operation  a  large  prop<«^ 
lion  of  the  sulphide  of  iron  is  conTcrted  into  OKidc. 

4.  itelliij/  far  Fine  Metal. — A  second  fusion  ia  performed  npon 
tliiH  calcined  matt  with  the  addition  of  a  portion  of  copper  ore  known 
to  bo  rich  in  o\iiIe  of  copixir  and  in  ailicji,  and  to  contain  but  Htlle 
iron  pyrites.  By  this  means  the  oxide  of  iron  is  remoTcd  in  the 
form  of  a  freih  ijag  of  silicate  of  iron,  and  the  oxygen  containtd 
in  the  freshly  added  oxide  of  copper  completes  the  oxidation  of  aoy 
jwrtion  of  sulphide  of  iron  still  rcmaiuing ;  the  oxide  of  eoppc* 
and  the  whole  of  the  sulphide  of  this  metal  being  reduced  to  the 
state  of  disulphidc  of  copper  (CujS)  or  Jine  metal.  The  slags  from 
this  process,  and  all  the  sHbneiiiient  ones,  are  prcscnod.  Thii 
matt  contaitiH  about  80  per  cent,  of  copper.  It  U  cast  into  pigc 
The  lower  part  of  these  pig*  often  contains  a  considerable  quanti^ 
of  tin,  and,  the  alloy  being  the  Iteaficr,  it  sinkx  to  the  bottom.  If 
a  very  pure  metal  be  re^iuired,  the  upper  piarts  of  the  pigs  are  de- 
tached from  the  lower  portions,  and  the  metal  extracted  from  the 
upper  portions  of  the  ingota  is  kuown  in  the  market  a<  bell 
tetected  copper, 

5.  Rootling  for   lilhtlered  Capper. — ^The  metal  ts  now  to  be 
freed  from  the  sulphur,  nhicli  has  hitherto  been  useful  by  forming 
a  fusible  compound  with  the  copper,  thus  facilitating  its  separatiM 
from  the  impurities  by  which  it  was  accompanied.     With  this  rie» 
the  pigM  of  fine  mi.itul  are  next  subjected,  for  several  hours,  npoo 
the  bod  of  a  reverberatory,  to  a  heat  just  short  of  that  required  In 
fuse  thcra ;  the  metal  by  this  moans  become*  oxidated  at  the  sur- 
face, and  a  part  of  the  sulphur  which  it  still  retains  is  oMdized; 
at  last  it  is  fused :  a  remarkable  reaction  then  begins  to  uke  place. 
■When  oxide  of  copper  and  sulphide  of  copper  are  bcated  together, 
tbey  mutually  decomjioBe  each  other;  sulphurous  acid  and  aaetaltic 
•per  arc  liberated  ;  Cuj8  +  aCuO=SOj  +  4Cu.    It  is  not  desire 
J  Ijiat  the  tcmpctfttute  eVoaXi  W  too  swsw.'^V'j  tdwd,  »  the 
le  of  copper  wou\d  \\ico  coaiViwc  VAV  -Ottft  Tawa.i!a\yw3&- 
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llic  mass,  and  would  ccsAe  to  exert  it*  oxidizing  influence.  After 
tUe  churiffc  has  become  Uqaid,  the  temperature  of  the  fomacc  is 
therefore  allove<l  to  fall ;  tlie  melted  mam  tolidiflcii  upon  its  aur- 
face,  and  au  appearance  of  violent  chullition  is  produced  from  the 
formation  of  sulphurous  acid  gas,  and  it«  cflbrt«  to  oseapc?  from  the 
teuacioos  mixture :  whcu  this  ceases,  the  dcsulphuration  is  com- 
plete. The  heat  i*  now  n^ndered  vorj-  inten«e,  llie  eopper  melta, 
and  sinks  to  the  bottom,  and  separates  completely  from  the  slag, 
which  couitista  chicHy  of  ititioatc  of  copper  ;  tlie  reduoeil  metal  ia 
thei)  nin  off  into  sand  moulds.  The  ingots  thus  obtained,  being 
full  of  huhl)k'«,  arc  termed  pimpU  or  blixti-rtfd  copjifT. 

(734)  ^-  ftrfininif,  or  Toughening. — The  blistered  copper  now 
andergoe*  the  eoiiehiilitjg  o[«'ration  of  refining.  Prom  7  to  8  ton» 
of  the  metal  arc  placed  in  a  rcverlwratory  furnace  and  kept  in  a 
melted  state  for  upwards  of  so  hours,  in  order  to  oxidate  the  last 
traces  of  foreign  metals :  during  this  process  a  lat^  quantity  of 
oxide  of  copper  is  formed;  part  of  this  oxide  is  absorbed  by  the 
melted  metal,  and  the  copper,  if  examined  at  this  stage,  is  found 
to  be  of  a  dull  red  colour,  coarse  grained  and  brittle.  To  reduce 
this  oxide,  the  slags  are  skimmed  off,  and  the  surface  is  coTcrcd 
with  a  few  abovelfats  of  anthracite  or  of  eharcoal ;  the  metal  is 
then  subjected  to  the  proeewi  of  poling,  iu  whielt  the  trunk  of  a 
young  tree  is  thrust  into  the  molten  metal.  Tlic  inflammablu 
gaaes  disengaged  from  the  gruen  wood  as  it  cliars,  produce  a 
powerful  Imitation  of  the  whole  mass,  and  iu  about  30  minutes  the 
poling  is  (ini.ihcd.  The  reiluctug  intluenee  of  the  combustiblo 
gnsca  has  in  the  meantime  been  brought  to  bear  upon  every  por- 
tion of  the  melted  metal.  In  this  way  the  oxide  diffused  through 
the  mass  is  deprived  of  oxygen.  If  the  poling  be  carried  too  far, 
the  copper  again  becomes  brittle,  utid  is  said  to  be  overpoied.  This 
defect  may  be  remedied  by  exposing  the  surface  of  the  melted 
metal  to  a  current  of  air.  If  too  little  poling  be  used,  the  metal 
is  still  brittle,  and  it  b  then  said  to  be  wnderjjoled.  The  progroxs 
of  the  poling,  therefore,  requires  careful  watching :  the  refiner  tests 
the  metal  from  time  to  time  by  dipping  a  small  test  ladle  into  the 
mcite<I  mass ;  a  snmplc  of  copper  is  thint  removed,  and  cooled  sud- 
dctily  by  immersion  in  water:  the  grain  of  the  eopper  is  judged 
of,  by  cutting  the  hammered  button  piirtiiilly  through  with  a  chisel 
or  ahears,  and  then  Iteuding  it  by  placing  it  in  a  vice.  If  properly 
refined,  the  broken  surface  will  display  a  fibrouK  structure  with  a 
beautiful  silky  lustre.  If  underpoled,  the  fracture  will  be  granular, 
with  a  number  of  red  points.  If  ovcrpo\cd,  ^\vc  Witw  \iwAs\R,tt 
coarser,  and  the  Dracturc  has  a  strong  mctaMic  \v»\.TC,W\.'Cafi\W>j 
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appearanoe  in  unntiiig.  Wlicti  upon  testing,  the  ooiq>er  appenn  1 
be  fine  graiucd,  tibruus,  aud  eilky,  of  good  colour  a.ml  mdllcsblr, 
it  is  cither  ladled  out  ami  cu»t  into  ingota,  or  is  coo1d<)  suddedr 
Dt  tlie  utirfacc,  by  allowiug  water  to  run  upon  it;  raw  i^opprri^ 
thus  produced,  aiu)  ftuccvxsive  fUma  are  tlinii  made  aud  removed  tijj 
all  tlic  metal  U  conaumcd.  Tliepc  appears  to  be  uo  doubt  (tiai  I 
brittlenc«A  of  uudcrpulcd  copper  is  due  to  the  pre^euec  of  red  oiid.. 
H  of  copper  in  the  metal,  and  Mr.  Vivian  has  stiggested  tfaat  otti- 
poled  copper  may  Ik;  defcctirc  from  the  presence  of  a  little  carbon. 
Percy,  however,  ira«  unsuccessful  in  the  attempt  to  diMOvcr  catfhoaj 
in  orerpoled  itpccinien). 

The  »lns«  from  the  various  operations  are  csrefully 
and   the  copper    which    is   extracted   from  them    is  termed 

I   copper ;  it  is  run  into  pigs,  which  are  subsequently  refined, 
lite  prc«euce  of  a  Bcnall  quantity  of  tin  in  the  refined  copperi 
c<^«i()crcd  tobeudvanliigcoiiE',  as  the  tou);lme»a  and  tcuacity  of  the 
metal  are  thereby  increased.     Antimouy  \»  aiugidarly  injuriuot; 
Fo  small  a  quantity  as  lo  ounces  in  the  ton,  renders  copper  unfit 
for  making  brass  that  is  required  for  rolling  ^  aud  minute  traces  of 
nickel  are  alio  ^aiil  greatly  to  injure  the  tenadty  of  the  metal. 
{735}  In  the  Harts,  and  in  many  miue^  where  the  ores  coutxii 
*  large  quantity  of  sulphide  of  in>n,  and  only  about  4  per  ocitt.  of 
Copper,  the  crude  mineral  is  roasted  in  enormous   heaps  in  the 
open  air.     These  hea|M  are   in   the  form  of  a  truncated  square 
pyramid,  the  base  of  which  is  about  30  feet  Miunre  (340).     "Ric 
H    roasting  is  a  very  slow  operation,  retpiiring  from  j  to  (5  niunlhs 
^L  ^  its  completion.     Spring  aud  autumn  arc  the  mmt  favoiurali 
^p.aetsons  in  which  to  commence  it.     The  ro»»ted  ore  is  then  ik 
jectcd   to  processes   not  essentially  diflering  from  tho«:   air 

I  described. 
In  many  copper  uiinea  the  water  which  is  pumped  up  is  impnf- 
nntcd  with  sulphate  of  copper  derived  from  the  oxidation  of  tie 
Milphide  by  exposure  to  the  air:  tlic  copper  is  easily  separated ia 
the   metallic  form,   by  collecting  the  water  in  tanks  oontaini 

Iftcrap-iron :  the  iron  unites  with  the  oxygen  and  the  acid,  vbilif 
tlic  copper  is  set  at  liberty  :  CuO,SO,  +  Fc=FiO,SOj  +Cu. 
Wlien  tlie  ore  consinta  of  the  oxidm  and  carbonatca  of  eopjier, 
it  is  cawly  reduced  to  the  metallic  state  by  siuiple  foBJon  with  cflke 
or  eliarcoal ;  tlic  copper  is  rcudcicd  tough  by  a  jprocess  analogQ 
to  that  of  poling. 

I       The  copper  of  commerce  is  often  very  nearly  pure.     It  cont 
minute  quantities  of  arwuic^  of  iron,  of  lead,  and  sometimes  of  I 
ind  silver.     Copper  maj  \«;  tcaJA's  oVteAtitA  vu  ».  »"**.■«.  <* 
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''■   'TpcomixMing  «  solution  of  nulphate  of  copper  by  mcati« 

•AC.  buttery  :  it  in  tbcD  iL-pasitvd  iu  colicrcnt  plates  upau 

o  elrctnxle.  ^H 

fj  ■ :    I'rojterlies. — Copper  is  one  of  tlie  metals  irliidi  has  ImIH 

Iciiotvi)  to  mnn  :  before  tlie  art  of  working  iron  waH  uiidetC' 

it  wui  in  Q\ti-ni>ive  um,  citlit-r  Hloiicor  iilloyt-d  with  tiu,  for 

of  llic  pur|X)5ea  to  which  iron  ia  dow  applied.      It  is  of  a 

i)DH-a  rcO  ooluiir,  mid  ha»  a  prcutiur,  dinagrccablc  odour  and 

tbrii  mnifiiencd  and  rubbe<l.     It  is  ntlberabard  metal,  rcry 

gm,  diiclik-,  and  msllcublc ;  nflvr  it  linil  bccu  melted  boocatb 

'  of  cjontninii  salt,  to  exclude  atniospherio  air,  pure  copper  naa 

by  SeliM'rer  and  Marcbnnd  to  have  a  *p.  gr.  of  £  931 :  tbe 

By  wun  increased  by  hammering,  and  nheu  drawn  into  fine 

It  was  obtnincd  as  high  as  8*953 :  Daniclt  estimated  its  fusing 

V.     Ifexpowd  to  a  very  iiitcose  beiil,  it  Lieapablc 

_u,  but  it  is  usually  cousidcred  to  be  fixed  in  tbc  fire. 

'W  voltaic  action  it  may  be  obtained  crystallieed  in  cubct  and 

and   is  sotnctimcs   fonud  native  in   these  forms.     It 

L>^  tbe  be-it  i^niduelors  of  beat  and  electricity.     If  beated 

in  the  o|ic»  air,  copper  combines  with  oxygen  rapidly, 

'  '''■  in  formed  upon  tbe  aurfacc,  and  a.^  the  oxide  con- 

rit  ly  tbiin  the  metal  l>eacath,  it  scales  off  if  suddenly 

',  Wring  n  bright,  dean,  nietallie  nurface.     Kxpo«ure  to  a 

air   at   ordinary  temperature*  has  no  cfTcct  npou  copper; 

r  Iia.<i  jiiiro  water ;  Inil  in  sea  water,  or  in  Milution^t  of  the 

loi,  it  is  gradually  enrroded  with  tbe  formation  of  an  oxr- 

■  f  e«)pp<rr.      Finely  divided  enjiper  I>ecooie«  ignited  when 

lib  (I  glowing  coal,  and  bums  like  tinder,  being  converted 

le  b)n<:k  oxidc.     Chlorine  attacka  tbc  metal,  which  when  in 

)r  Ii-af  tnkca  fire  in  the  gas  spontaneously.     Nitric  acid 

lid  diMohc*  tbe  mctnl  with  rapidity.     Oil  of  vitriol  does 

;  on  it  in  the  cold,  but  if  heated  with  it,  tbc  acid  is  de* 

'I'burmts  acid   being  evoUoil  and   osiilc  of  copper 

1  mii(p4  with  tbe  eiecss  of  aeiJ  to  form  the  sulphate 

Hydrochloric  aeid  with  aece9«  of  air  diimolt-eii  it:  but  if 

'    'I,  it   has  no  such  effect  at  ordinary  temperatures; 

■1  ti\*>n  the  finely-divided  metal,  it  diKsolve*  it  very 

.-n  ia  evolved  [Orlling).    Copper  also  dceompoiteii 

■•■i  -JUS  wh-n  heated  in  it  to  redoes*,  snl>chlondc  o( 

irmc'd  and  hydrngcn  separated.     The  fixed  alkalies 

' .  I.   aetiun  on  cop[ier,  but  Rmmonia  gradually  di.ii>olres  tbc 

■'   ■    -IT    I1 :-   aecp*»   to   it,  slow  (ixiilntion  taking  place. 

'1  blow|iipcitbtirns  with  a  green  flame,  am} 
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if  introduced  into  a  flame  of  gas  or  of  kIcuIioI  it  oommuaicates  la 
it  a  green  colour. 

UiKi. — ^Ttic  applicatioto  of  copj*er  in  tlio  arts  arc  very  nurnerou. 
Indepeudent  of  its  uim;  iu  coiuage,  vast  quantities  of  it  arc  anuiiaU? 
coDKumcd  in  tlie  »1ieatliiugof  sbipv*  and  in  the  nunafiicturcorbuilen, 
and  of  vnriouB  utcneils  for  domestic  purposes.  It  also  forms  the 
bania  of  »  number  of  vuliiiiblc  alloj'H  iu  i-xt«UKive  Uvv  :  witti  unc  il 
fumisles  the  different  varieties  of  brass ;  and  vitb  different  pro 
portions  of  tin,  it  formv  bronzu,  bell-mctnl,  pui-inct.tl,  and  speru- 
luro-ntetal  (6j6) ;  nliiUt  its  oxides  and  salts  arc  largely  cniplovcd 
lus  pigments,  and  yield  articles  of  some  imiiortance  in  the  nutttM 
modica. 

An  alloy  of  copper  and  silicon  containing  12  per  cent,  ofllie 
latter  may  be  obtained  by  fusing  together  6  parts  of  ailicofluoriiie 
of  potassium,  (  part  of  so<lium  and  i  of  copper  turnings:  it  it 
bard,  brittle,  and  white,  like  bismuth.  Another  alloy  vitb  48 
per  cent,  silicon  is  of  a  fine  braaxc  colour.  It  is  as  fusible  ss 
bronze,  very  ductile,  and  yields  a  wire  a  little  softer  llum  inn, 
but  quite  as  tenacious :  it  may  be  worked  ncU  at  the  lathe. 

(737)  R^o>'- — The  combination  of  i\»c  with  cppi)er  liu  a  well* 
known  yellow  colour,  the  tint  of  which  becomes  paler  in  propor- 
tion as  the  quantity  of  ziuc  ia  increased.  A  curiou»  obacrvntios 
upon  this  point  wa^  made  by  Mr.  D.  Forbes,  who  found  tliat  a 
brittle  cr%*fttal]iue  alloy  of  a  silver-white  colour  may  bo  formed, 
contaiuing  5;V*9  P*""  *^°*-  °^  ''''"'»  ^^^  consisting  of  7  equivaleiiU 
of  oopi>er  and  8  of  siiiic ;  hut  if  the  iiuaiitity  of  wnc  were  citha 
increased  or  diminished,  the  alloy  had  the  usual  yellow  colour  of 
brass.  The  specific  gravity  of  brasN  is  greater  tlian  the  mean  t£ 
that  of  the  metals  which  form  il.  Ordinary  brass  has  a  sp.  gr.  of 
8*29  ;  it  contains  about  64  per  cent,  of  copper,  Wing  nearly  Cu^iB- 
Brass  which  coutaius  35  per  cent,  of  zinc  melts  at  1 7  jo'^  (Dauid)), 
and  a  lai^cr  proporlion  uf  xiuc  increases  its  fu«ibility.  Uy  ei. 
posurc  to  a  long<sustained  high  temperature  iu  closed  vesseU,  llie 
whole  of  the  xiuc  may  be  expelled,  and  it  is  not  possible  to  fucc 
the  alloy  without  losiiig  a  portion  of  the  ziue.  The  alloys  of  line 
aud  copper  are  malleuble  when  culd,  hut  arc  generally  brittle  wbeo 
hot.  An  alloy  largely  used  under  the  name  of  Munt:  metal,  Of 
yellow  mttal,  for  the  shenthing  of  »hips,  may  be  rolled  whilst  liot: 
it  contains  2  equivalents  of  zinc  to  3  of  co]tpcr,  or  Ao  per  cent.  OJ 
copper.     The  addition  of  about  2  per  cent,  of  lead  to  brMs  in- 


*  Percj'i  «i)]prinient8  sppnr  to  show  thaltlwprNCaMora  small  qutnlitf 
oT  pIiorjifioruH  in  tlu-  &>vv*^r  \iut  iiovnt  cSv^  vn  ^jTOtaRting  the  motal  uou  1^ 
eonotiie  action  of  sea  wsicr. 


oxinsi  or  corriB. 
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•AJ  at  the  latlic:  it  diminuhcs 
'  '<>-:tii]^  to  tlie   tool   aud 
iircftcnce  of  lead 
.   cTtn  if  it  does 
■  :  liardncss  of  the 
aa  alloy  coi»i*ting 
ualiy  made  by  tnclt- 
r  more  tliiu)  half  ita 
.  iiiiiinc  and  cbarcoal  wa« 
I.I-  Jtiiic.     AtSvraiiMsa,  the 
<     two  metals  in  a  rcvcrbe- 
"(t;  iiuaiitiij  of  tlie  altoj*  to  )>e 
I  "cess  is  attended  irith  a  con- 
'  ii»«d  for  coin  is  ail  klloy  ofioo 
^Il  4  of  tin  and  t  part  of  sine 
1  tii-re  are  two  salifiable  osidea  of 
.  1  in  tbc  nativo  state;  viz.,  the  red 
1.  contains  88*8  per  cent,  of  oi)p[>er 
lack  oxide  {CuO),  which  is  the  ba«i» 
Jtn  niMul.     It  contains  79'S5  per  oetit.  of 
Some  indications  have  been  obtained 
higher  oxide,  prolialdy  Cu^O,. 

(Cu,0  =  7i*5i  Sp.  Gr.  5-60),  oocnra 
in    the  octohedron,   or  in  wmc  of  its 
capillary  crystals  or  in  lamellar  masses. 
1»f»  of  obuininj;  tbia  oxi<lc  artificially  ;  one  of 
in   boiling  the    dibasic  ncctalc  of  copper  wilb 
\v  (if  copper  contained  iti  the  lialt  i»  tluiH  ilcprii-cd 
I,  uid  the  rod  oxide  is  deposited  in  small  octo- 
ftlso  be  procured  by  i^ttin^  5  i>arta  of  ]K>wdered 
tpper  with  4.  parU  of  eoppur  lilitigs,  in  a  covered 
kA  oxide  fiwea  at  a  full   red  beat.     By  dccom* 
liloride  of  copper  with  potash  it  is  obtained  as  an 
jiydrnto  (4CiL,0-i-A<i;  Mitscherlidi).     In  ttits  con- 
witb  adds.     A  sulpbatc  as  well  as  a  carbonate 
tills  oKidc  apjKar  to  esist.     The  «.altHof  tbc  sub- 
arc  unstable,  and  absorb  oxygen  reacliiy.     Som« 
■lt«  are  more  stable :  a  tuliiMte  oj  copper  and  potaah 
(KO,S(),) ;  Muspratt]  may  be  obtaiuod  as  a  yellow 
iutc,  by  mixing  solutions  of  sulphite  or  of  bisal> 
witli  nulphale  of  copper  ;  pnrt  of  tbc  snlphurou* 
[ttixcd  at  llie  expense  of  balf  of  the  oxygen  of  the 
■  copp<rr. 


6fi6  BLACK    OXIDE    OP   COPPER. 

Tbe  inhjrdrous  oxide  i»  resolved  hj  tnont  of  the  strong 
acids  into  a  salt  of  tbe  black  oxide,  and  into  metallic  copper. 
Nitric  acid  convert*  it  into  protoxidr  and  di!>«olve*  it :  liydrocMore 
acid  converts  it  into  the  subchloridc,  which  is  soluhlc  iu  cxccsa  of 
the  acid.  nydmt«il  vuboxide  of  copper  ii*  wIuMe  in  n  rotutiou  cf 
ammonia,  forming  with  it  a  colomlcss  liquid,  "nits  solution  is  u 
extremely  ddicatc  twt  of  the  pnrjvocc  of  oxygen  in  a  gnsroui 
mixture ;  a  mere  trace  of  oxygca  causes  it  to  assume  a  blue  titii 
from  llic  formution  of  the  black  oxide  of  eoppiT,  which  wbcD  din- 
solved  in  solution  of  ammonia  lias  an  intense  blue  colour.  Th* 
principEit  cmplorment  of  suboxide  of  copper  is  in  tl>c  manufitcttiie 
of  stained  glass,  to  nhich  it  imparts  a  beautiful  ruby  (h-  purple 
colour. 

C739)  ^'««*  0-""*  «/  Copper  (CnO=397;  Sp.  Gr.  6*4}. 
— Tliis  oxide  is  a  compound  of  considerable  importance  to  the 
chemist.  It  U  employe))  largely  as  a  means  of  furnishing  oxygen 
to  organic  substances  in  the  regulated  combustion  by  means  of 
nhich  their  comitosition  in  detpmiined  (904).  Tlie  beat  |)rOcen 
for  obtaining  the  black  oxide  of  copper  consists  in  dtssolnDf 
copper  in  pure  nitric  acid,  and  decom{>OHing  the  resulting  ttitmte  in 
an  earthen  crucible,  by  the  application  of  a  red  heat :  the  water 
and  the  nitric  acid  arc  tlui»  expelled,  and  the  black  oxide  rcnniw 
behind  in  a  state  of  purity :  the  heat  should  be  long  continued, 
but  not  too  violent ;  otherwise  the  oxide  winters  together  and  ooo- 
eretcs  into  hard  masses,  which  arc  pulverized  with  diffieully.  S 
very  pure  oxide  is  also  furnislicd  by  tlic  dccompuaition  of  the  ear- 
bonntc  by  licat;  or  still  more  simply  by  heating  a  plate  of  cnp|>cf  to 
rcdne-*."  in  a  brisk  mrreiit  of  air,  and  snililvnly  qiiencbing  it  in  wattr, 
in  wliich  case  the  oxide  separiitcs  in  black  scales.  It  may  beob- 
t;iiiicd  M  a  hydrate  of  a  light  blue  colour  (CuO.j  IIO),  Qromanr 
of  its  salts,  by  t!ic  addition  of  iiotasli  in  excess;  when  boiled  »riUi 
water  it  becomes  black  and  antiydroiis.  This  hydrate  is  FoInHe 
innmmonia.a  crysialliiiccompounil,eontainiugCnO,2  H.,N  +  4  110, 
being  deposited  from  the  liquid.  The  solution  of  the  oxide  in  eicc« 
of  ammonia  is  of  a  splendid  bine  colour:  if  shps  of  metallic cojiper 
he  introduced  into  a  Ijottlc  which  is  filled  with  this  liquid,  Riu) 
closed  so  as  completely  to  exclude  the  air,  a  i>ortion  of  the  mettl 
equal  to  tbnt  already  in  solution  is  dissolved,  the  metal  deriving 
oxygen  from  the  oxide  already  in  solution,  both  portions  beiiij 
thus  reduced  to  the  state  of  suboxide;  Cu  +  CuO  =  CujO;  the 
colour  gradually  dtsappeurs  since  the  suboxide  produces  a  coloor- 
J('ju>  solution  \rith  nmmouia;  but  the  moment  that  air  is  admitted, 
the  blue  colour  is  rcpvoduccA.     ISWcV  ti'j:\iR';^\.':<!i\.'i*s''&'«iJciiARia. 
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NtTBIDE,  AND   HCLrniVES  OP  COFPEK. 

ttiln  und  fats,  to  that  ^reasj'  mattcn  lioUcd  in  a  copper  sauccpau, 
which  is  not  kept  bright,  are  liable  to  become  iinprej^Mati-d  ntth 
this  metal.  Oxide  of  copper  combines  with  gla^s,  and  givca  it  a 
beautiful  green  colour.  The  oxide  is  hygroscopic,  piirtii-iiliirly  if 
in  K  finely  divided  Rtatc,  and  it  &h»orb»  water  rapidly  from  the  air. 
Ila  oxygen  cannot  be  expelled  from  it  by  mere  expo«ure  to  heat, 
but  if  the  oxide  be  pltuigcd  into  an  atmosphere  of  hydrogen  while 
warm,  it  is  deeompoi«ed  with  evolution  of  light  and  bent,  while 
water  i«  formed.  Black  oxide  of  copper  is  soluble  in  most  of  the 
acirU,  and  combines  with  them  to  form  snltn  which  have  a  green 
or  a  blue  colour.  When  fused  with  hydrate  of  potash  or  of  soda, 
the  oxide  of  cop|Jer  combine.^  with  the  alkali,  forming  a  greenish 
blue  mass,  which  ie  decom{)oscd  by  the  addition  of  water. 

"Hienard  obtained  a  eoiubinution  of  biuoNide  of  hydrogen  with 
oxide  of  copper;  it  was  of  a  yellowish -brown  colour,  and  when 
moirt  quickly  nndcrwent  decomposition  at  ordiiiiiry  temperature^!!. 

(740)  IlYDftiDE  Of  CopPEU  (CujII), — This  substance  was  ob> 
tained  by  Wurtj;,  us  a  browu  bydratt",  wlieu  bypopbosphorous  acid 
was  mixed  with  a  solution  of  sulphate  of  copper,  and  heated  to 
nearly  140",  It  ia  very  nuHtable  :  when  dry,  it  is  suddenly  resolved 
at  158*  F.,  into  hydrogen  gas  and  finely  divided  metallic  co]ii>er. 
It  tnke«  fire  .ipontaneoiisly  in  gaseous  chlorine.  Ilydroehloric 
acid  forms  with  it  subchloride  of  copper,  attended  with  a  biisk 
disengagement  of  hydrogen.  Tbi*  di.'cngammicnt  of  hydrogen 
ghs  in  remarkable;  Urodic  explains  it  by  snpjiosing  that  the 
hydrogen  of  the  hydride  and  that  lu  the  acid  are  in  oppoeite 
electrical  or  polar  conditions,  in  consequence  of  which  they  unite  at 
the  moment  of  liberation  and  form  hydride  0/  hifdrngen,  or  hydrogen 
gaa;  thua  CujH  +  HCl=Cu,Cl  +  HH. 

(740  a)  NUriiie  of  Copper  (Cu^N)  i»  obtained  by  transmitting 
a  current  of  dry  ammoaiacal  gas  over  finely  powdered  oxide  of 
copper  heated  to  480°;  water  and  nitrogen  ga«  are  evolved,  and 
the  nitride  U  iefl  as  a  dark  green  powder,  which  when  heated  to 
about  590°  explodes  feebly,  emitting  a  red  light;  strong  adds  decom- 
pOKC  it  with  evolution  of  nitrogen  gas. 

(741)  Sri.PHiDt»  or  CorPEH. — Tla-sc  are  three  in  number: 
CujS;  C«S;  and  CuSj. 

The  .Sw&rK/pAirfe  (CujS  =  79-5 ;  Sp.  Gr.  50}  is  a  sofl  mineral 
of  a  dark  grt^  colour,  oecaMonally  fonnd  native  in  masses,  but 
Komctimes  in  six-sided  prisms.  It  is  ea-ily  fused  by  heat  in 
elowd  vewelit ;  nitric  acid  and  atjna  regia  decompuae  it  i-cadily,  but 
hydrochloric  acid  does  not  diswlvc  it.  It  mav  V  ^otro'iiNi'^ 
melting  Uigether  j  jmrts  of  sulphur  and  S  oi  COVP*^'  'i  ''^"^'^  wvaw*- 


SULPHIDES    OP    COrPER. 


It  forms  thefiiu 


Av»eeave  occura  at  tite  moment  of  combination. 
foetal  of  the  copper  smelter. 

Tlie  S»lp/iide  ((?iiS=47'7)  may  lie  prwnrcd  hy  the  direct 
union  of  its  constituents;  it  is  aUo  occasionally  found  ualii« 
(*p.  gr.  3"85)  in  flexible  platen  of  a  blue  colour.  It  may  likcwtM! 
1)0  obtained  in  the  form  of  a  dark  brown  hydrate,  by  decomposing 
any  of  tbc  falls  of  eo|>peT  by  a  stream  of  »td|ihurett«d  hydrr^nii 
thin  hydrate  is  quickly  oxidized  by  exposure  to  the  dr,  beoomiug 
converted  into  oiiliihatc  of  copixT,  juid  it  i.«  ditcuilved  caxiiy  by 
uitric  acid  and  by  atiua  regis-  Sulpliidc  of  copper  is  insoluble  in 
n  solution  of  Kulphidc  of  potv»ium,  but  it  U  Nligbtly  nolable  m 
one  of  bisulphide  of  ammonium. 

The  capper  pyriUt  [ap.  gr.  4"j)  or  ordinary  ore  of  copper, 
consists  of  a  double  sulphide  of  copper  and  iron,  CUfS.FCjS,.  U 
is  of  a  ydluw  ciilmir,  mid  hHn  ti  briiKsy  lustre ;  it  ui  sometime* 
found  crystatliied  in  tetrahedra,  but  it  usually  occurs  in  amorpkoiu 
masfcSj  with  a  oonchoidal  granular  fracture,  and  is  less  ban)  than 
imu  [lyrites.  The  variety,  railed  variegated  or  peaeoek  ore,  con- 
tains a  largtT  proi«)rtion  of  culpiniU'  of  copiwr.  Tbc«;  cumpotutdt 
are  rapidly  oxidized  ami  dissolved  by  uitric  acid  or  by  aqua  r<^;ia, 
but  not  by  hydrochloric  acid. 

All  the  sulphides  of  copper  are  decomposed  by  roasting  then 
innir;  if  the  temperature  i>c  high,  sulphurous  ncid  cseapcs,  and 
oxide  of  eopj:er  reinaiiia  behind ;  at  a  lower  temperature,  Kuljiliale 
of  copper  is  formed. 

Sulphide  of  cop|>er  forms  likewise  a  nntural  rombiuatioii  nith 
sulphides  of  lead,  silver,  antimony,  and  arsenic,  con«titutiiig  grry 
copper  ore,  or  h'ahlerz :  this  miucral  iH  e^^ntially  a  iiuudnlKuic 
sulphantinionitc  and  sulpharscnitc  of  copper  and  iron ;  it  roriea  od» 
aiderably  in  the  relative  proportions  of  itn  coiiftitiieiits,  and  often 
contains  zinc,  lend,  silver,  and  mercury.  It  crystallize*  iu  form 
denveil  front  the  regular  titrahedron,  and  in  corD]>n«ilion  it  cor- 
responds to  the  general  formula  (4  MS,NSj  +  4  M^S.NSJ  in  which 
M  reprc-tcnta  the  electro-positive  nietitU,  M,S  being  usually  disul- 
phide  of  copper  or  disulphidc  of  silver :  whiUt  N  iodtcaics  tlie 
clectm-negative  mctuU,  arsenic  or  antimony.  The  priociptl 
varieties  of  the  ore  arc: — l.  Tennaiitiie  (FeS,  3  CuS,AsS,+ 
4Ch.S,A«S,  [  if?'- y- 4'3",5)i  ft  siilpharaeniie  of  copper  nnd  iron, 
of  a  Icadcn-ftrcy  colour;  the  copper  iu  tbid  ore  amounts  V> 
about  48  per  cent.  2.  Light  Greif  Copper  Ore  {sp.  gr.  4-5  to  47). 
a  mixture  of  sulpharscnite  and  sulphantimonitc  of  nine,  iron,  copper, 
and  silver:  colour,  ste*;l-grcy.  j.  Dark  Grey  Copper  Ore;  (tp.f- 
i#'7  to  4'9)  contaiiu  UllAe  ot  110  MMKiw,"A"wo\  wi^'-wmVWlt 


SRLENIDB   AND   ItVncllLORlDB  Or   COFPBR. 


L 


colour.  This  rarict}',  autt  the  one  preceding  it,  Dontoia  from  35 
lo  40  per  ceiiL  of  copper.  4.  SHwr  Fahlrrz  [sp.  f/r.  about  j-o), 
is  a  dark  grey  copper  ore,  ricb  io  silTcr.  Tlio  ulver  varies  in  this 
ore  from  1 3  to  30  per  cent.,  and  the  ropiKrr  from  1 4  to  35  per  cent. 
Tlic  pmtatulphide  of  copper  (CuSJ  was  obtained  by  Iterzelius 
ill  the  funu  of  a  blarkinh  bntwn  precipitate,  by  decomposing  a  udt 
of  copper  with  a  pcDta><iiIpbidc  of  one  of  the  metaU  of  the  alkalies. 
It  uiidei^oed  uo  obangc  by  iva.t!iiiig  when  exposed  to  the  air,  but 
is  completely  soluble  in  a  eolutiou  of  carbonate  of  potash. 

A  ii^li\e  Kltuide  of  copper  in  found  in  cumbiDatlun  with  seic- 
nidc  of  silver.  It  occurs  in  masM»  of  a  leaden  grey  colour,  and  ia 
very  rare,  baring,  hitherto,  been  found  only  in  Sweden  :  selenide 
of  copper  may  be  formed  artiBcially  by  precipitating  the  sulphate 
of  copper  by  neleiitu retted  hydrogen. 

PAotp/tide  of  Copper  (CUgP?), — This  compound  is  eaaily  obtained 
by  boiling  pho»phurii»  in  a  sulution  of  sulphate  of  eopper ;  the  liquid 
speedily  becomes  decolorized,  and  a  black  phosphide  of  copper,  with 
a  semimetallic  lu«tre  i*  formed.  It  is  not  soluble  in  hydiochloric 
actd,  but  if  ihrowu  iutoasolutionof  cyanide  of  potassium  ia  rapidly 
decomposed  witLout  the  application  of  heut,  bubblee  of  self-lighting 
pliospburt'tleil  hydrogen  being  disengaged.  Abel  preparer  phos- 
phide of  copper  by  tran»inittiug  the  vapour  of  phoxphurus  over 
finely  divided  copper  heated  in  a  tube ;  he  iiuds  that  this  phonpliide 
when  mixed  with  chlonitc  uf  potii»h  and  gunpoivder  furnishes 
a  powder  of  sufficient  conducting  power  for  electricity,  and  at  the 
same  time  pouewed  of  the  reqtiiutv  10  Ham  nubility  to  enable  it  to 
be  employed  with  great  advantage  aa  a  detonating  fuse  for  linng 
ordnance  by  n)Dgneto.elcctrie  currents. 

(74a}  Ciii.OKinEs  OP  Coffer. — Copper  forms   two  dtlorides, 
CujCl,  and  CuCL 

The  tabchlurule  (CojCl=99,  Sp.  Gr.  3*376,)  is  obtained  by  dis- 
tillit^  copper  filings  with  twice  their  weight  of  corrosive  eubli- 
nstu ;  or  by  ditwlving  4  parta  of  finely  divided  copper  and  5  of 
Uic  black  oxide  in  hydrochlorie  acid ;  or  by  builing  the  chloride 
with  sugar ;  or  by  digesting  the  chloride  in  closed  vessels  with  me- 
tallic copper :  the  last  is  a  slow  process,  but  part  of  the  subchlo- 
ride  is  then  deposited  in  tran>i]iui'ent  tetraliedra.  Subehloride  uf 
cop[»er  ia  a  white  conipoimd,  which  fuses  easily  into  a  yellowish 
mass.  It  is  insoluble  in  water,  but  (soluble  to  some  extent  in  strong 
hydrochloric  add,  with  which  it  forms  a  pale  brown  solution, 
wltich  deposits  most  of  tlie  sul>cMoride  on  dilution.  The  solution 
uf  the  Huhchloride  in  hydrochloric  acid  absorbs  carbocva  ov.&<^  ^^ 
vrith  Hidiity :  u  coiupQimd  ci^stalUxiug  in  ^eai\)  waiss  Va^'^'5^ 
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3  CO  +  7  HO  ? ;  Berthclot)  miiy  thiw  be  obtninod ;  it  is  insoloble  in 
vater,  wliich  however  decomposes  it,  acttiug  subchloriile  of  copper 
at  liberty  :  it  is  also  quickly  dccompo«cd  by  exposure  to  the  «ir. 
Subchloride  of  copper  is  suluble  iu  a  boiling  solution  of  cliloride 
of  potassium }  and  if  the  liquid  be  allovtcd  to  cool  excluded  fnm 
the  air,  octoliudral  crystals,  composed  of  (2  K('l,(VjCI),  arc  dcpo- 
Httcd.     \VhcD  the  solution  iu  hydrochloric  acid  is  exposed  to  lUe 
air,  it  ahsorb«  oxygen  rapidly,  and  a  pale  bluish-green  insoluble 
oxychloridc  of  copper  (CuCl,  3  CuO  +  4  Aq)  is  deposited.  Tbia  oxy- 
chloride  ui  vned   in  the  arts  as  a  pigment,  under  the  name  of 
Brvmnekk  green.     It  i«  bcrt  procured  by  expoeing  copper  clip- 
pingH  to  the  action  of  hydrochloric  acid,  or  to  a  nolutioii  of  saJ- 
ammouiae  ia  the  open  air.    It  occur*  native  in  the  form  of  a  green 
aand,  con)|iofted  of  small    rhombic    j»ri»ms,   which    u   found  *t 
Atacama  in  Peru;  it  has  hence  been  c»llfd   Alacamite.      Sotoe- 
timea  it  'x»  alKO  fouud  maiaivc.     OtJier  oxyohlondca  of  copper  of 
IcBB  importance  may  also  be  formed.     Whfu  finely  divided  copper 
is  boiled  in  a  nolutioti  of  sal-auimoiuao,  aiiinioniacjd  ffl»  is  cxpdld^ 
and  a  salt  is  formed  which  is  gradufllly  deposited  iu  white  rhombic 
ilodecaliedra,  H^CuN,(;uCI ;  it  may  be  regarded  a»  subchloride  of 
copper  in  which  the  st^oiid  equivalent  of  copper  has  been  dis- 
placed by  cvpratmnonimn  (IJ^CuN).     A  solution  of  this  salt  wlien 
exposed  to  the  air  depotits  blue  erystnls  consisting  of  (HjCoN, 
CuCI  +  H,CuN,C!  +  lIOl,  and   the  mother-liquor  on  further  ex- 
posure yidds  cubic  crjstaU  of  the  salt  (HjCuN,('l+  H,N,C1). 

(743)  TheCWoride  [CuCI,=67-2;  Sp.  Gr.  3-054)  may  be  ob- 
tained by  the  spontaneous  combustion  of  copper  in  clilorine,  but  it 
is  more  advaulageoutdy  prepared  by  dissolving  the  oxide  or  the  car- 
bonate in  hydrochloric  acid,  when  on  evaporation  it  crystalliict 
iu  green  necdlfis,  with  the  formula  (CuCl  +  j  Aq)  of  *p.  gr.  3-554. 
A  concentrated  solution  of  chloride  of  copper  is  of  a  green  coloar, 
hut  it  becuniex  blue  on  dilution,  and  when  the  salt  is  anhydrout 
it  is  liver-coloured.  When  heated  it  fuses,  and  at  a  red  heat  half 
its  chlorine  i°>  expollvd,  and  the  subchloride  remains-  It  form* 
double  chlorides  nith  the  chlorides  of  potanciiuni  and  ammoniuiik 
The  chloride  is  deliquescent,  and  very  soluble  iu  alcohol.  Tliii 
solution  bums  with  a  sp!cudi<l  green  flame. 

A  dottbte  chloridv  of  cojiprr  and  amnwnmm  (U,\Cl,CaCl  + 
2  HO]  in  obtained  in  blue  square-based  uctoliedrabymixiog  hot  eon* 
ccntrated  solution*  of  llie  two  salt*  in  the  proportion  of  one  cquivalcflt 
of  each.  Another  double  chloride  (H,NC1+  j  CuCl+4  llO}  i»ob- 
biiuccl  ia  fine,  bluish-green  ct56tiii.ls,  h^  evaporating  a  «ofution  of  l 
BjoiWcut  of  sal  ammoniae,  iuA  i  e'V"^*^'^*'*  *A  t\iiovSift  A 
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Aufair<1rt>uit  cliloridc  of  copper  absorbs  atnrnoiiin  rapidly  ftnd 
forms  a  hlae  powder  (CuCl,  3  H,N ;  Knse),  which  by  a  beat  of 
300*  loses  3  equivalents  of  amtnonin,  nnd  bccomoif  green  {CuCI, 
UjN  ;  Kane).  Qraham  and  Katie  regard  thi»  latter  compound  as 
chloride  of  ammonium,  >n  which  the  fourth  equivalent  of  liydrogen 
has  ita  j>lac«  occupied  bycopjicr ;  hence  (iraham  terms  it  chhride 
Iff  ctg/rammonium  (CulI^N.Cl).  If  ammoaiacal  ga*  lie  trauftinilted 
Ifarottgb  a  hot  concentrated  itotntion  of  chloride  of  copper,  till  the 
precipitate  at  first  formed  is  rcdissolvcd,  the  liquid  on  cooling 
deposits  small  dark-hiue,  square  prinina,  and  octohedra,  (li,CuK, 
CI  +  H,N,HO). 

It  api>cars  therefore  that  the  following  well -defined  com- 
pounds may  be  obtained  by  the  reaction  of  the  chlorides  of  copiwr 
upon  ammonia  or  muriate  of  ammonia : — 

(3.)  H,CuN,C1  +  jH,N 

(4.)  H,CuN,CI  +  H,N,HO 

(5.)  U3CuN,Cl 

(6.)  H,,CuN,CH-H,N,Cl 

{7.}  II^N.Cl  +  CuCl  +  allO 

(8.)  H^N,Cl+aCuCl  +  4H0 

The  mi-bromide  of  copper  (CUjBr)  is  insoluble  in  water. 

[744]  The  tubindiiie  of  copper  (CujI  +  Aq),  is  a  white  insoluble 
powder,  which  becomes  yellow  when  heated.  It  ia  formed  by 
pouring  a  mixture  of  i  equivalent  of  protosiilplintc  of  iron  and  i  of 
)tutpliat«  of  copiier  into  a  solution  of  any  iodide;  thus  i  (CuO, 
SO;,)  +  2  (FeO.SOj)  +  K I  =  KO, SO,  +  Kc,0„  3  SO,  +  Cu.,!.  Sul- 
phite  of  sodn  may  be  substituted  for  the  sulphate  of  iron  in  this 
experiment.  It  has  been  proposed  to  employ  such  n  mixture  of 
the  two  Bulpbotosof  iron  and  copper  us  a  tc^t  for  determining  the 
quantity  of  iodine  in  kelp,  in  order  to  fix  ita  commerciid  value. 

SfLPUATEs  or  Coi-rsB. — Copper  forms  a  normal  sulphate,  nnd 
several  suhtulphates. 

(745)  Sutpbale  of  Copper,  Blw  Vitriol  (CuO,S03  +  5  Aq= 
797+4,5)  ^P-  ^''-  Bnktjdrous,  yd^i,  enj$talii:;ed,  1-19. — -This  salt 
i«  manufiietured  on  a  large  senle,  by  boiling  copper  in  an  iron  pot 
with  sulphuric  acid,  dilutecl  with  half  it*  bulk  of  water  :  Uie  acid 
is  decomposed  and  the  copper  is  oxidized  at  its  expense  whilst  the 
saU  u  precipitated.     It  may  also  be  formed  ?ioav  wi  »t»SS\tJiTi».  "s^- 
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pbide  of  copper,  hj  routing  it  witli  (rve  &coe»  of  air,  and  lixiria- 
ting  the  roasted  mass  to  dissolve  the  sulphate  thus  produced :  tbo 
liait  mirtt  t)c  inwlcratc,  or  rl*c  the  sulphate  would  !»  decoinpoMxI 
during  the  roasting.  If  copper  pvritcs  he  used  instead  of  the  arti- 
ficiul  «idphidc,  the  »alt  will  contain  a  Urge  quantity  of  tntlpliiite  of 
iron,  which  cannot  be  separated  by  ci-ysialliiation  ;  for  aJthoi^ti 
the  sulphate  of  copper  doev  not  cry»lalliiu:  idoiic  with  more  Ihu 
5  Aq,  yet  when  mixed  with  sulpliate  of  iron,  it,  like  this  salt,  assDuws 
7  Aq  an<l  then  i»  Lsoninqihouit  niih  the  rerroiis  *a\t.  The  oalj 
jilan  in  such  a  case  is  feebly  to  ignite  the  mixed  sulphatea :  the 
iron  iMirtK  with  its  at^id  at  a  lower  temperature  thnn  the  copper, 
and  by  a  second  solution  the  iron  is  scpttratetl  in  the  form  of  au 
insoluble  oxide.  Sidpliate  of  copper  is  alxo  uhtiiiuod  in  considrr- 
able  quantity  as  a  secuiidftiy  product  in  the  refining  of  silver  (803): 
the  silver  is  preHpital^d  from  lliv  »»Iutiou  of  its  sulphate  in  &t 
metallic  form,  by  platc«  of  copper,  and  a  pure  sulphate  of  copper  ii 
thus  furnished.  ico  parts  of  the  ciystals  with  5  Aq.  ooDtaia 
51*85  of  oxide  of  copper,  ^I'O}  of  sulphuric  acid,  and  36'c8  of  water. 

Ijargc  cpiuntiticH  of  the  Kuljilintv  of  copper  arc  used  >n  calico 
printiug,  and  it  is  the  salt  from  which  most  of  the  pigineiits  of  capper 
are  formed.  It  iKNoliible  in  four  times  its  weightof  waterat  60°,  and 
crystaUixea  in  beautiful  blue  eryata1»  of  tho  doubly  oblique  rhombic 
form.  The  powdered  crystals  absorb  hydrochloric  add  gas  rapidly 
with  erolulion  of  heat,  and  funiixh  a  detiqtiejiccnt  mass.  AVheo 
sulphate  of  copjKT  is  hcntcd  to  212"  it  loses  4  Aq,  and  by  a  leni- 
pcniturc  of  400°  the  salt  is  rendered  anhydrous ;  it  then  aswumcs 
the  apjiearancc  of  u  white  powder,  which  becomes  blue  on  the 
addition  of  water.  The  act  of  combination  with  water  is  attended 
with  a  hissing  noise,  owing  to  the  great  rise  of  temperature  which 
attends  the  action  ;  a  oonaiderable  evolution  of  heat  aluo  attend* 
the  combination  of  the  compound  CaO,SOj,HO,  with  water. 
Sulphate  of  eopper  is  insoluble  in  alcohol.  When  heated  to  briglit 
redness  the  acid  is  expelled,  and  black,  oside  of  coi)per  is  left, 

Sulphali;  of  copper  forms  doable  snlphaten  both  with  potash 
and  with  ammonia;  they  are  easily  obtained  by  mixing  solutions 
of  the  salts  in  equivalent  proportions,  and  allowing  them  to  cryv 
tallizc.  Tlie  potaih  salt  is  comimsed  of  {CuO.SO,  +  KO.SO,  +  6  Aq; 
»p.ffr.  2'244) ;  the  ammonia  sidt  of  (CiiO,SOj  +  H,NO,SOj  + 6  Aq; 
«p.  ffr.  i'89i}.  According  to  (iraliam  a  hot  itatiirated  solution  of 
(louble  Aulphatc  of  copper  and  potftsh  deposits  a  double  salt,  the 
comiiosition  of  which  is  represented  by  the  remarkable  formula 
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copper  w  boiled  with  lew  than  i  equivalent  of  Iiydrated  oxide  of 
copiier,  a  green  inaoluhle  trisulphale  (3  CuO.SOg  +  a  Aq)  is  formed. 
Broc&aiitite  u  a  native  Kubsulpliate  of  the  metal,  compoacd  of 
[4CuO,S0j+4  At)) ;  and  Denham  Smith  olttaincd  a  »ul)»iil(iliate 
tonsialiug  of  (jCuO.SOj  +  fi  Aq). 

Anhydroim  sulphate  of  copper  absorbe  dry  ammouiacul  gas  j 
the  compouud  coiwiets  of  [1  (CuO,SOj)+5  H,N ;  It.  Rose].  If 
aaimonia  be  add«d  ia  excesa  to  a  Bolutiou  of  sulphate  of  cupper, 
the  liquid  on  cvaporatioQ  yii-lds  dark  blue  crvi<tal»,  (CuO,SOg, 
2  H,N,lIO;  BerEelius] ;  the  salt,  when  heated  to  300°,  becwmes 
grccD,  loMitg  otic  equivalent  of  amiuoiiin  aud  otio  of  water. 

(746)  Nilrate  of  Copper  {Cu(),N0j  +  6  Aq),  is  easily  made  by 
dissolviug  copper  in  nitric  acid  ;  it  forms  a  beautiful  blue  delique»* 
OCDt  salt,  vhich  cryalalliiea  in  rhomhoidal  prisms.  At  tempera- 
tures above  60°  it  crystallizes  with  3  Aq  in  deliquescent  needles 
oi *p.  ffr.  2'047-  It  i»  very  soluble  in  alcohol;  by  heat  it  it  de- 
GoiDpoaed,  first  into  a  green  iubmtratt  [CuO,NOj,  3  (CuO.HO) ; 
Ocrhardl ;  sp.  gr.  2765J,  which  is  insoluble  ;  and  if  the  hcut  be 
iucreHewd,  it  is  converted  wholly  into  the  block  oxide  of  copper, 
the  whole  of  the  aeid  being  expelled.      It  is  this  subuitratc  which 

^M  foruiwl  when  oxi<ie  of  copper  \*  heated  with  tiionoliyd  rated  uitrie 
ncid,  althouj^h  the  aeiil  may  be  in  eoiiHiderable  excess.     If  a  few 
OI7*tal8  of  nitrate  of  copper  are  moistened  and  wrapped  up  iu  tin- 
foil they  act  violently  U|Jon  tlie  metal  and  convert  it  rapidly  into 
peroiidc  of  tin  with  emission  of  sparks. 

Several  basic  phoitpfiates  of  copper  are  found  native  iu  small 
quantities, 

(747)  Cabboxates  op  Copper. — All  attempts  to  procure  the 
nentral  carbonate  of  copper  have  hitherto  failed.  A  hfdrated  oxy- 
earbomtle,  cilled  Chfs»fflUe  [CuO.HO  +  a  (CnO.COj) ;  sp. gr.  3-8], 
fbrms  a  beautiful  blue  mineral,  which  cryt>tallize»  in  Qblique  rhombic 
priama.  But  Uie  moat  abundant  of  the  carbonates  of  copper  is  tlie 
bydratcd  dicarbonatc,  or  mafacfiite  (CuO,lIO  +  CuO,CO, ;  nji. gr.  37 
to  4'0].  It  furnm  a  very  hard  mineral  of  a  silky  lustre,  and  a  bcau- 
tiftil  green  colour ;  it  is  susceptible  of  a  high  polish,  by  w  liieh  its 
ooncentnc  and  often  beautifully  veined  structure  is  advnatai;cou'<ly 
dtspUycd.  It  is  often  employed  for  ornamental  purposes.  Malachite 
is  occanoiiatly  found  in  oblique  pri.im*.  Both  the  blue  and  the 
green  carbonate  arc  abundant  iu  the  copper  ore  furniHheil  frani 
Australia.  A  green  precipitate,  sometimes  used  as  a  pigment, 
which  has  the  same  composition  as  malachite,  and  is  known  as 

I   tnina-ai  j/run,  maylw  obtained  by  mixing  hot  Bolutioos  of  sul- 
I  jAate  or  nitrate  of  copper  and  carbonate  ot  ^&a.    M.  SJwa  "wAMfciKiW. 
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be  mixed  colli,  a  [nle  blue  robiiniiious  j)T«ci])ilate  U  formod,  wtiidi, 
according  to  Bniuncr,  is  tlic  same  compound,  nitb  nn  additiuuiil 
equivalent  of  nater  (CuO.HO  +  CuO.CO^  +  HO).  B;  boiling  Um 
procii>>talei]  carbomitc,  it  becomes  first  grccu  and  tbcn  blade,  loodng 
nearly  all  ita  w»l«r  and  carbonic  acid.  A  double  carbooate  of 
poUfb  and  copper  (KO,COj  +  5CuO,4CO,+ lo Aq)  may  be  ob- 
tained by  di};e»ting  the  green  earljonale  in  a  solution  of  hica^b(^ 
natc  of  potii»Ii :  it  is  deposited  in  blue  erri^tals  by  spoutancoas  evapo- 
ration.    Similar  sallH  may  al$o  be  formed  wilh  soda  and  ammoiiiL 

(748)  CnAKACTERS  or  THE  SaLTA  Ol-  CoPPER. —  I.  Salla  of  tie 
Dioitide,  or  Cupreous  Sal/g. — Nearly  all  of  them  are  iutrolublc  in 
water,  but  soluble  in  liydrochloric  ntiid ;  in  tliis  form  ihcy  absort) 
oxygen  rapidly,  and  are  converted  into  salts  of  the  blaeli  oiidc. 
They  are  unimportant,  and  Iiave  been  b>it  little  studied;  oiMof 
their  most  remarkable  properties  ia  tbeir  power  wkea  in  Bolutjoa 
in  hydrocldorie  acid  of  absorbing  carbonic  oxide,  with  which  tbc; 
form  a  crystalline  compound. 

a.  Saiti  <if  the  Black  Oxide,  or  Cupric  S«H*.— Most  of  tlioe 
nlta  of  copper  have  a  green  or  a  blue  colour  when  hydrated,  hot 
tliey  arc  white  when  anhydrous ;  they  arc  almost  all  voluble.  Thef 
have  a  strong,  di»agi'eeable  metallic  taste,  and  act  aa  poisons  to 
the  animnl  frame,  producing  violent  and  irrepressible  vomitio; 
and  purging,  followed  by  exhaustion  and  death.  They  form  aa 
inwluble  compound  with  albnmen,  which  is  nearly  inert ;  n* 
whites  of  eggs  should  theiefore  be  administered  in  cases  of  poison- 
ing suspected  to  be  occasioned  by  this  metal.  Milk  or  «ug»r  miicd 
with  iron  fdingx,  by  reducing  the  salta  of  the  black  oxide  of  copper 
to  salts  of  the  suboxide,  or  to  the  metallic  state,  arc  also  valuaUe 
ailjtnicts. 

The  salts  of  the  black  oxide  of  copper  are  easily  recognised 
when  in  solution :  though  neutral  iu  com|[)Ositia»  they  redden 
litmus.  Potash  and  soda  give  in  their  solutions  a  pale  hluc 
voluminous  precipitate  of  hydratcd  subsalt ;  an  excess  of  llie 
alkali  does  not  dissolve  it,  hut  converts  it  into  a  blue  bydraled 
oxide,  whioh  becomes  blaek  and  aubydrous  when  the  liquid  is 
boiled  with  it.  If  sugar  or  tartarie  acid,  or  certain  other  organic 
suhstauees  be  present,  the  blue  precipitate  is  rcdissolrcd  by  an 
PXCCM)  of  the  alkaline  liquid,  and  forms  a  blue  solution,  jtmmoma 
gives  a  similar  blue  precipitate,  but  sii  excess  of  the  alkali  nia- 
cs  it,  forming  a  deep  blue  solution,  which  is  very  charactcrtslic. 
earlionales  of  potash  and  soda  give  a  palt?  hluc  hydratcd  basic 
Wiafe,  which  becomes  ci>u"(ftT\jiA  KvAsi  ftisi  \&bi5s.  «»&%  VMsa. 
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n  the  liquid.  CarboMtle  of  ammonia  aUo  gives  a  blue 
ic,  Itat  rctlisBolrCH  it  if  udili^d  in  (rxoc^  formiug  nu  iu- 
lilue  •olulion.  Frrrofyanide  i^  potattium  j-jclds  u  bulky 
ncipitate,  inwliible  in  Iivdrocliloric  «ci<)  but  soluble  in 
0,  wbicli  loarCM  it  uualt<.'rod  oil  evaporation.  Sulphttreiltd 
({ires  CTcu  iu  acid  soliitiouH  a  brown isli- black  hydrated 
Tlic  last  t»o  characlcrB  distinguish  tbe  aalW  of  copper 
io«e  of  iiickel,  which  al»o  fona  a  blue  noliition  with  am- 
Sulphide  of  copper  is  almost  ioEolubIc  in  ammonia,  aud 
Ipliate  of  ammonia,  hut  is  diuiolvcd  by  cyanide  of  |>ota»- 
'Anoilter  clinrnctvristic  and  very  delicate  teat  of  the  prc- 
oopprr  is  aAbrdod  by  the  action  of  a  {tolinlied  pliilcof  tn»i, 
a  feebly  acid  solution,  is  speedily  covered  with  a  red 
i  metallic  copjter.  Zinc  precipitates  copper  in  tbe  form 
powder,  which  assumes  n  metallic  lustre  under  the 
If  a  talt  of  copper  be  lieated  with  aoda  on  charcoal 
blowpipe  in  the  reducing  flame,  a  bead  of  metallic 
lay  be  obtained,  and  may  be  recogniaed  by  ita  colour 
tnllcability.  Most  copper  salts  when  heated  on  platinum 
itnunicate  an  iutciiHe  green  colour  to  the  oxidizing  flame, 
in  which  the  presence  of  copper  is  suspected  iu  admix* 
organic  mutlera,  as  in  the  eontents  of  the  stomnchj  where 
pofcd  to  have  acted  es  a  poison,  tbe  material  must  be  rc< 
diynots,  will  ineinemlwi  in  an  enrlhcu  cnicible.  The  ash 
>  be  treated  with  nitric  add,  and  the  liquid  tested  with 
,  with  ferrocyanide  of  {wtaiwiuin,  and  with  a  *teel  needle. 
■er-eoloim:d  deposit  on  the  steel  may  he  further  identified 
ig  it  in  a  nnrruw  tube  with  a  few  Amya.  of  amniunta,  nhich 
sine  bloe  in  the  course  of  24  hours  if  copper  bo  present 

aallA  of  copper  hare  considerable  tendency  to  form  double 
\&B  with  other  nail*,  find  frequently  subselts  of  this  metal 
irocured  witli  various  acida:  those  with  tlie  sulphuric,  nitric, 
,  mid  acetic  acids,  arc  the  moat  important. 
}  Ealimation  of  Copper. — This  is  generally  effected  in  the 
tlio  black  oxide,  too  parts  of  which  correspond  to  7981  of 
ll.  If  thcsohitiou  contain  no  metal  prr«ipila)ilc  by  potash, 
%  of  iwtasli  is  addul,  and  the  liquid  ia  boiled ;  tlie  prccipi- 
dl  washed  with  Ixtiling  water. 
m»  {AnH.  <k  CAiwh-,  IIl.xTi.426)  has  described  a  method 
■ting  tlie  quantity  of  copper,  by  bringing  it  into  solution 
ca«  of  ammonia,  and  ascertaining  the  quantity  of  a  standard 
anlpbJde  of  sodium  which  is  required  to  decolorize  tlie 
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be  mixed  ooM,  a  H«  '^"^  toIubbk 
ftccoriling  to  Bniiiiier,  is  Uic  ion'. 
equivaloHt  of  vratcr  (CuO.HO  ^ ' 
Iirccipitdtcd  carbonate,  it  Ijccoim 
n<»rly  all  it«  water  iu»d   Cftrbon 
]>ota«ti  and  copjKT  (KO,CO  • 
(nincd  by  digesting  the  grc-i 
natc  of  potasli :  it  is  dfpo&itci 
ration.     Similar  mIIr  may  nl 
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(748)  CUAiucTBiBt  or  •" 
Dioxide,  or  CupreotiM  Sa!'  ■ 
water,  but  soluble  in  liy  '  > 
osygPD  rapidly,  and  arr  * 
Tliey  arc  uniniiwri;  ■  1 
ibeir  most  rcniwrk;i   , 
in  liydroclilorio  add  ol 
form  a  cryfitallinp  1    ■ 
3.   Salti  (,J  It"    : 
solu  of  copper  havu  ft  if^^ 
tlicy  arcwiiitc  wtui 
Imve  a  strong,  di«. 
tlio  animal  fnuni , 
and  purging,  '  '■ 
ioHulublc  ccn  < 
vliitcB  of  egj: 
iiig  si»i];<<  !■ 
with  iri>i. 
to  salto  of  ttti' 
adjniK^ts. 

•I'bc  sals 
vinm  iu   BOl 
litmns.       f 
voluniiii 
alkali  (i. 
oxide,  "' 
builnl  u 
stiliBtaii 
rxrc- ' 
gi«, 
Mih 
77» 
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."lip.  Or.  ir^S. 

'  I'  is  obtained  from  Batoni, 

.  iiiiicil  with  i|iiiirt7.,  blende, 

r-8|iiir,  in  Teins  travcrsiiig  tlic 

lie  dny-Klftte  in  Cornwall,  and 

Sioall  quantities  of  cdrbo- 

ir«iuc(itly  met  uith,  but  the/  arc 

Galena  aliraifs  contains  a  small 

vrliMi  the  mincnU  i*  found  in  bold, 

-lally  nearly  pure.    The  proportion 

:  '  txiiiHidaralile  vitriation ;    a  mineral 

r  to  the  ton,  or  0-36  per  cent.,  is  eon. 

■1.-I1.      Knglnnd  and   Spain  alTord   the 

■  Hiatal,  about  65,000  tons  of  lead  being 

^ud,  which  fnntisb  on  thtiaverngc  560.DOO 

After  the  ]ea<l  ore  hM  been  raised  to  the 

1  rarcful  mechanical  prcpumtion,  conducted 

:    lily  L-xplaincd  (436)  ;  ami  biiTiug  bwn  thu* 

<  :  I'rom  ita  earthy  impurities,  it  is  ready  for 

^(■n:t  Ix!   tolerably  free  from  siliceous  Rann^c,  this 
itij  »iuiplc.     Alwut  I  f  ton  of  the  drcwe-d  ore 
vV  to  vV  of  >t^  weight  of  lime,  and  is  heated 
"^ii  ■  reverbcmtorr  fnnnuie.  through  which  a.  strong 
a  jiossing.    Fi|;.  334  exhibits  a  section  of  thu  rcduoiiig 

Fio.  J34. 


(EXTHACTION    OF  LIAD. 

l>rWgc,  A  the  hopper  by  which  the  charge  is  introduced  ;  e  c,  the  bed 
on  vlitch  the  ore  i*  pluccd,  nlopiiig  downwards  towards  a  ^ttcr  is 
the  cciitrc  by  which  the  melted  metal  is  dravn  off;  d,d,d,&n 
doors  f»r  working  the  t-hiir^e  nnd  for  admitting  air,  tb*^  dntight 
of  the  furnace  Iwing  completely  under  control  by  a  dftmper  placed 
in  the  tturf. 

During  the  roasting  a  large  qnantity  of  the  sulphur  bums  off 
as  aniphiirous  atid,  and  u  portion  of  oxide  of  lead  is  formed :  anotW 
])UTtion  of  the  sulphide  of  lead  is  converted  into  Kulphate  of  lead, 
and  much  of  the  ore  still  remainx  undecompoaed.  In  the  conne 
of  the  operation,  the  inasa  is  frequently  stirred,  and  care  is  takoL 
not  to  allow  the  temperature  to  ri«R  sufficiently  high  to  fiuc  H. 
When  it  is  considered  that  the  roasting  hn«  been  carried  ta 
enough,  the  materials  in  the  bed  of  the  furnace  are  thorougUy 
mixed  together,  the  furnace  doors  nrc  closed,  and  the  heat  ia  ffod* 
denly  ruiscd.  The  oxide  and  the  siulphuteof  lead  then  react  npa 
the  undecompoaed  sulphide  of  the  metal ;  a  large  quantity  of  mL 
|tlturou»  acid  is  evolved,  whilst  nu-tullic  lead  runs  copiously  from 
the  uua».  The  aucee:»ive  otages  of  this  operation  may  be  Iraotit 
as  follows : — 

One  equivalent  of  sulphide  of  lead,  by  combining  with  3  eqni 
valents  of  oxygen,  furnishes  1  equivalent  of  oxide  of  lead  and  1 
sulphurous  acid,  ta  i»  exhibited  by  the  equation:  PbS+30 
PbO  4-  SOj.  If  the  equivalent  of  galeon  unite  with  4  cquiralent 
of  oxygen,  i  equivalent  of  sulphate  of  lead  is  formed:  PbS+41 
=  PbO.SOj.  Both  oxide  of  lead  and  Nulpliate  of  li-nd,  wbeu  bcale 
with  fresh  sulphide  of  Intil,  arc  dccornpoaed,  metallic  lead  and  si 
phurous  acid  being  in  each  ease  the  result  of  the  reaction.  Tv 
equivalents  of  oxide  of  lead  aud  i  of  galena  furnish  3  of  lead 
I  of  sulphurous  acid  :  2Pb04-PbS=3Pb  +  SO,.  One  cquiralcn 
of  sulphate  of  lead,  when  heated  with  1  of  galena,  yields  a  equi' 
Icnts  of  lead  and  2  of  sulphurous  acid:  thus  PbS  +  PbO,S0,= 
aPb  +  aSOj.  During  the  roasting  a  portion  of  subsulphide 
lead,  PbgS,  is  also  produced.  This  substance  forms  a  ^U 
matt,  which  Hows  from  the  ftirnace  with  the  metallic  lead, 
etituting  a  stratum  which  floats  above  the  melted  metal.  Th 
aulisulpliide  of  lead  is  again  returned  to  the  fumncc  and  roasti 
with  fresh  ore. 

After  the  melted  mass  has  been  drawn  off  into  oast-iron  buii 
placed  for  its  reception,  a  few  spadefuls  of  lime  to  which  a  quanti 
of  fiuor-spar  is  sometimes  added,  are  thrown  into  the  furnace,  wil 
a  view  to  act  upon  the  scoria;  which  remain  behind  in  confiidcrat 
quantity  :  tlie  lime  dccom'gQscs  \V<t  W'Wift  ««\caV«.«AVa&.,'\&«o& 
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'lead  and  forms  a  less  fimhle  silkaite  of  lime,  ani]  t!»c  fluor- 

)  a  ftuibic  compound  with  the  sulphiUi  of  Limi;,  or  sulplute 

if  cither  of  them  is  present.     The  ftcoriv  usiully  cod- 

I  eioen  of  oxide  and  sulphate  of  lead  ;  they  arc  tkerefora 

ritli  coke  or  charcoal,  and  expuaeil  to  beait  on  the  bed  of  the 

aflcr  the  doon  hare  bc«n  carefully  closed  ;  tfac  oxide  of 

beootnes  re<luced  by  t]ie  I'arbcm. 

^  Ijtad. — Lend  which  contain*  antimony  or  tto  u 

the  pure  metal,  and  la  subjected  to  a  further  opcratioa, 

improvtHff,  in  order  to  refine  it.     This  coiuisU  nmply  ia 

the  lead,  and  heating  it  for  a  period,  longer  or  shorter, 

!  he  ncecMary,  in  n  shallow  cast-iron  pan  set  in  the  bed  of 

itory  furnace;  the  antimony  and  tin  being  more  osidi- 

thc  lend,  are  thus  remorcd   in  the  pellicle  of  oxide 

|a  coutiuualty  forming.     From  time  to  time  the  irorkmaa 

It  a  small  sample  of  the  metal  to  examine  the  appeamncc 

presents  on  cooling.     Aa  soon  as  it  exhibits  a  (icciiliar 

ratailiue  appcnrunce  on  the  surface,  the  oxidation  has  twcn 

tr  ciiougb,  and  the  metal  ia  then  mu  off  and  ea«t  into 


|a)    Concentration  of  SUver  in  Lead  by  I'allinjion't  proceu.-~- 

ay  be  profitably  extracted  from  lead,  even  when  tlic  quan* 

not  exceed  from  three  to  four  ounces  of  silver  to  the  ton, 

inlrotliicol  by  2fr.  Puttinson,  of  Newcastle.      Tlua 

ciboer>'ed  that  if  melted  argentiferous  lead  be  bri&kly 

luriug  slow  cooling,  a  |x>rtio&  of  tlie  metal  solidilirn  first, 

of  crystalliue  grains,  which  sink  to  the  bottom  of  Ilie 

vbich   remains  melted.     These  crystals   contist   of  lend 

from  silver  ;  the  liisiiig  poiut  of  the  argentiferous  alloy 

Bg  at  a  lower  tcm|)critlure  thau  that  of  pun^  tciul.     This 

ia  turned  to  account  in  the  following  simple  manner . — 

k(  or  utuc  cast-tron  pots,  each  capable  of  containing  about 

of  mi'lt'ii  li'ad,  are  arranged  id  a  row,  set  in  brickwork, 

provided  with  a  separiitc  Grcptace  underiii-ath.     A  quan- 

jlead  is  intnxluced  into  tlio  middle  pot,  and  melted;  the 

[thrn  withdntwn,  and  the  metal   if  briskly  Ktirrcd  by  tho 

■u  wbiiNt  it  cools:  the  crystals  of  lead  subside  as  theyform, 

I  Femored  at  intervals  by  means  of  a  largo  jicrforatctl  iron 

-.^1  to  the  next  pot  on  tlie  right  hand.      When 

I   the  melal  hnvcbccn  thus  removed  ingrains,  the 

ited  argentiferous  alloy  is  ladled  out  into  the  next  put  on  the 

M       I  '  '' .    empty  pot  is  cliarged  with  ii  frwh  portion 

«]'     .  ted  to  a  similar  treatnirnt.      \Vlicn  the  pot 
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to  the  right  nnil  to  the  IcA  ho*  in  thU  mnnner  recen'ed  a  sofficii 
quantitj-  eitlier  of  poor  or  of  argentiferoiu  lead,  it  is  subjected 
II  simiUr  opi:rfltio»  ;  the  concentrated  ar^i-mifrrous  portian  Iks: 
paaaed  off  cutitinuaUy  to  the  next  pat  on  the  left,  whilst  the 
talliuc  or  poorer  portion  is  luinded  over  to  the  itest  pot  on 
i'i;^ht-Iiand  side  'i'lic  Inst  pot  to  the  left  thus  nt  length  bccom 
filled  with  Ind  which  may  coiidiin  300  ounces  of  silver  to 
ton ;  it  iii  tiot  foun<I  advantageous  to  conceotnitc  it  bejond  tl 
point;  the  lend  nhicli  nocumulntes  in  the  last  pot  on  the  rigli 
hand  side  does  not  contain  more  than  half  nn  ounce  of  *ilrer 
ttiototi.  This  poor  lead  is  much  improved  inqualitjrbytheoperatt 
vhich  it  has  undergone,  and  is  at  once  cast  into  pigs  fur  the  mwk^ 

(753)  E^lractiun  0/  SUver  from  Lead  by  VnpeUatioit. — ' 
rich  argentiferous  lead  is  now  subjected  to  cupeUation.  This  pr 
cess  is  founded  upon  the  circum»(ancc  that  lead,  if  exposed  at 
liigh  temperature  to  a  current  of  air,  rapitllj-  abM}i'l)s  oxvgcn, 
is  converted  into  n  ftwiblc  oxide,  whilst  silver  doc»  uot  becoa 
oxidized,  but  ift  left  behind  in  the  metallic  state.  The  litharge 
oxide  of  tend  melts  at  a  high  temperature,  and  flows  otf  the  couv 
surface  of  the  melted  metal,  and  thus  continualljr  exposes  a  fra 
surface  of  lead  to  tlic  uctiou  of  the  air. 

In   Kn};taiiil  the  cupellatiou   is  performed   in   a  low-cro' 

rcverberatory  furuacc,  the   henrth  of  which   is   moveable.     11 

hearth  or  cupel  i»  ahewu  in  the  plan  of  the  furnace  (Pig.  335); 

_  consists  of  a  shallow 

'  basin,   e,   composed   of 

mixture  of  bone  ash  «il 

fern  or  woo<I   ashes;  (I 

mixture  is   slightly   mot 

I    u-jiod,  and  beaten  iuto 

■    iron  ring  about  4  feet  in  t 

_^_-J  long  diameter,  and  3  fi 

L^       in  the  shorter :  tlie  cupd 

introduced  into  the  furuM 

Jkpm  beneath,  and  is  supported  by  bricks,  mi  that  it  can  be  rcadil 

innovvd  and  renewed, — an  operation  which  is  generally  Feqnire 

ouce  a  week.     When  dry,   the  fire  is  cautiously  ligblird  and  t 

lead  introdnecd  ;  a  continual  blast  of  air  from  a  tuyere,  T,  is  mad 

to  play  over  the  surface  of  the  melted  metal ;  lithai^e  ie  foi 

abundantly,  and  runs  off  through  a  gutter,  g,  for  the  purpose,  inl 

an  iron  pot,  p,  pl«rcd  henesith   the  furnat*  for  its  rcccptioa ;  i 

fn>nt  is   a   hood,  A,  for  carrying  off  the  fiimes  of  oxide  of  ten 

iriich   notild  otherwise  c»ca.\wj  Wi4  XstyMtt  SJoft  Nns^wswax,     P 
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uldetl  from  time  to  timD  to  supply  the  place  of  that  irhicb 
mi;  until  at  k'n^tli  a  fiiiniitity  of  Inul,  originally  aiuoiinting 
t,  J  toiiB,  )8  rnlticuil  to  bctvocii  3  ami  3  cwt.     This  melted   1 
i  witttdnkwn   by  making  n  hole  through  the  bottom  o(  tbo   I 
Ltlie  npt*rtiiru  is  aAurwitnls  closed  with  fresh  bouc  ash,  stid  | 
t  c)iftr((i!  ia  prooeeiled  with.     When  a  quantity  of  rich  lead 
pt  Co  yiL-U  from   3000  to  5000  ounces  of  silver,  has  thus 
plained,  it  is  again  pl»oed  in  a  cupel,  and  the  last  ])ortioii« 
I  arm  minovi-d.      tt  i«  foutKl  advautogvous  to  cffGct  tlua  final 
ujiin   of  the  eonoentnted  Hilvcr-lead  separately,  Ikcuusc  id 
K  sta^m  of  the  operation  the  lithai^  carries  a  gogd  deal  of 
lovrti  with  it:  Dte&e  poriimts  of  litharge,  tlicfcfbre,  ou  being    1 
k,  an]  agaiu  subjected  to  the  dcsilrcring  process. 
m  litluirge  from  the   first   fusion   is  either  sofal  as  oxide  of 
V  it  U  reduced   in   a  »mall  revcrbcratory  furnace  with  an*  i 
m,  or    povdercd   cual.     The  porou!)  cupels  absorb  a  large 
■r   of  litharge,  and   thry  likcwiHc   arc  passed  through  the 
I  in  nnli-r  to  extract  the  metal. 

ftry  hruutiful  phenomenon,  ktiowm  as  the /alffuration  o{  tho 
wtttruih  tlie  removal  of  the  last  portions  of  lead  from  the 
I  D(ir!'i»  the  earlier  utages  of  tlio  procuui  the  lilm  of  oxide 
Lirhicli  is  coiiHtantly  forming  over  the  surface  of  the  mdtcl 
Irenewed  as  rapidly  as  it  is  reuiovvd;  hut  when  the  lead 
pTtfn  (tiidiiced,  the  lilm  of  litharifc  upon  the  silver  bcoomea  . 
Luid  thitincr  as  it  fhiws  off;  it  then  fxhiliils  a  suciccssion  of 
btifal  iriilbweut  tints  of  N'eirtou's  rings ;  anil  at  length  tlic 
suddenly  diKupjieBnt,  and  rercols  tlic  brilliant  surface 
n  *ilver  beneath. 

||m>  Hurts  (be  hearth  of  the  cuijcllalion  furnace  is  fixed, 
I  .r  brirk,  cHivered  with  marl,  which  is   renewed  uf\cr 

b  ■  -<,  but  the  euvcr  of  the  furnnee  in  moveable,  Karsteu 
but  the;  advanliige  of  this  method  is,  that  the  lilluirge  riiu< 
|e  y.  and  tliat  there  is  Icm  waUe  of  silver  from  ah< 

L  ii.  .  iijiel   niid   less  expenditure  of  labour  and  fuel 

pooverinjf  U»c  lead  from  the  bottom  of  the  furnace,  which 
■  hat  cDHtj^aratively  little  litharge. 

ft)  lit  til'.'  North  of  Hnglnnd,  the  galena  is  smelted  by  a 
m  wmewbat  difTerent :  the  ore  is  first  roasted,  and  then 
Ug  a  smiU  s*|uare  blast  furnace,  or  forge  hearth, — dried 
HHthr-  ftiL'l  principally  employed.  ThU  form  of  furnace  It 
f       tbo  Scotch  furnace. 

^  r-    nf  tilt;  Hartu,  where  the  ores  arc  largely  mixed 

H^  :ers,  the  Kiiglish  method  of  smelting  is  not  «p>J 
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plicable,  an  ttic  silicn  comljinei*  witli  tbc  oxide  of  Ind,  luid  fonns  » 
fusible  elag.  It  is  found  ucceesary  in  these  cases  to  reduce  the 
Kiii]ihi(Ic  of  lead  by  mcuius  of  metallic  iron,  whidi  is  added  io  the 
form  of  ^aoulated  cast-iron,  in  the  proportion  of  about  i  part  oi 
iron  to  so  of  pure  galena.  Tlic  fuxion  in  iterformcd  in  a  small  Uut 
furnace,  about  20  foet  high,  and  3  feet  across  at  tlic  wide«t  part. 

T)i(-A*c  vuriou«  furnace  0[KTntionx  iirc  ntteudcd  by  a  continas] 
discngagemcut  of  white  fiimes,  which  conaiat  principally  of  oxide 
and  Hutphate  of  k-itd,  ami  itrc  tcclinicnily  termed  froth  of  lead; 
in  this  way  nearly  a  seventh  of  the  whole  lead  is  volatilized.  Id> 
(U-|)eudcntly  of  the  waste  thus  occasioned,  the  fumes  arc  liigU; 
dcicterioua ;  it  is  therefore  of  great  im()ortance  to  preretit  as  &r 
an  possible  their  diffusion  through  llic  air.  It  is  stated,  thnt  in 
the  Hartz  about  -^  of  the  volatilized  portion  is  arretted  by  caosiu^ 
the  gases  Irom  tlie  furnaces  to  piixs  through  a  sucocssioti  of  coo- 
densing  chambers,  before  they  finally  cscai>e  into  the  air. 

(7jj]  Proprrlica. — Lead' is  a  blutsh-whitc  metal,  so  sofl  that 
it  may  easily  be  made  to  take  impressions;  it  learca  a  vtrak 
upoD  paper,  and  may  be  cut  with  the  uail.  It  may  be  laminated 
into  tolerably  thin  sJieets,  as  well  as  drawn  into  wire ;  but  bolh 
in  ductility  and  tenacity  it  is  low  in  the  scale.  It  fuses  at  620° 
(PerKon;  or  61;'^  Rudbei^),  and  may  with  some  diflicultj  be  ob- 
tinned  in  cubic  or  in  octohedral  crystals  as  it  oools.  Lead  con- 
tracts eonsiderahly  at  the  moment  of  its  soIidiRcalion,  and  it  i 
therefore  not  well  adapted  for  castings.  It  appears  to  bare  (lit 
power,  when  melted,  of  dissolving  a  small  <piantity  of  oside  of 
lead,  by  wliich  the  hardness  of  the  metal  is  much  increased ;  but 
its  softness  may  \w  rontored  by  keeping  it  melted  under  charcoal 
for  some  time,  with  occasional  agitation.  As  a  conductor  c^  beat 
and  eledrieity,  it  is  inferior  to  many  of  the  metals. 

{756)  Combined  Act iim  of  Air  and  If'altron  Lead. — Theaur&os 
of  a  piece  of  lead  when  freshly  cut  presents  a  high  metallic  lustre, 
bnt  it  soon  taniishcs  by  r\[)0Kurc  to  air,  owing  to  the  formalioi 
of  H  thin,  closely  adhering  film  of  oxide,  which  prutoctn  the  metil 
from  further  change.  Lead  undergoes  no  alteration  io  a  perfcdif 
dry  Jitmosphere,  and  even  when  sealed  np  in  a  <rcs»cl  of  port 
water,  which  has  been  Ixiiled  for  some  time  to  cspcl  the  air,  the 
metttl  will  retain  its  brilliancy  for  an  iiulelinite  period;  but  if 
it  be  exposed  to  the  united  action  of  air  and  ptire  water,  it  ii 
subject  to  a  powerful  corrosion.  As  the  result  of  this  cspoavn 
the  lead  becomes  oxidated  at  the  surface,  and  the  water  distmlves  tit 
oxide  o{  Icud;  this  solution  absorbs  earlwnic  acid,  a  film  of  hy 
drated  oxycarbonate  ol  \eai  i^?>aO,\\0\VVKiS:Xii^  \»  ^me^^vjij 
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to  silky  wales,  and  a  fresh  portion  of  oxide  is  formed  and  dis- 

colred  by  the  nutvr;    tliu»  a  rapid  corrosion  of   tlic  metal  takc§ 

(Imcc     Tliis  actiou    is    mudlBcd  very  materially  by  the  ))rcHencie 

flf  variouh  anlt«  in  the  irutcr,  «vi;ii  though  the  ijimutity  of  these 

tdta  may  not  exceed  3  or  4  graioH  in  the  gallon.     Tlie  corrosion 

ii  much  incrcuwd  hy  the  cldoridi-s  nnd  nitrates.     The  presence 

p(  rery  minute  ()uantitie&  of  the  nitrites  in  water  confers  upon  it 

a  corrosive  ntction  on  leud.     Botli  tiltriUn  and  nitrates  are  ol\cn 

|irc»cnt  iu  spriug  and  river  waters,  owing  to  the  deeompoutiou  uf 

organic   matter,  and   it  is  not   imprulKtble  that   the  unexplained 

Dorrosive  action  of  certain  soflwat^^ra  upon  lead  may  be  due  to  the 

preaenoe  of  these  snitt,  nliicli    might    easily  be  overlooked    in   the 

course   of  the  aualyais  (Mcdiock).     Small  quantities  of  ammonia 

also  favour  the  solution  of  the  metal.     On  tlic  other  hand,  tlic  cor- 

Yoeioii  is  diminialied  by  the  aiilpliates,  the  phosphates,  and  tlie  car- 

bonBles,      Oxide  of  Iciid,  indeed,  is  soaroely  Boluble  in  water  which 

contains  tlicee  salts  in  solution.     Bicarbonalo  of  lime  is  espeoially 

remarkable  for  the  preservative  indiienett  whioh  it  cxerU,  and  as  this 

latter  is  a  very  usual  impurity  in  water,  few  spring  waters  act  ou  the 

iRCtal  to  any  dangerous  extent.     In  these  cases  n  film  of  insoluble 

carbonate  of  lead  is  formed  upon  llic  snrfaee,  and  the  metal  beneath 

;is  protected  from  further  injury.     The  action  of  water  on  lead  i» 

a  matter  ol  great  importance  in  its  sanitary  bearings,  on  account  of 

.the  extensive  employment  of  tliis  mettil  in  cisterns  and  pljien  for  the 

Storage  and  supply  of  water.     Rain  water  as  eollected  fram  the  roofs 

,of  bouses,  is  for  the  mo«t  port  auSicicntly  impure,  especially  in  Inrge 

.towua,  to  prereut  ita  action  upon  the  metal.     Of  all  the  salts  of 

ilead  the  hydratcd  uxyciirhonate  Ls  the  least  soluble,   pure  natcr 

not   taking  up    more  than  t  part  in  4   roillious,  or  about    ^^Vth 

of  a  grain  per  gallon.     If  a  solution  of  oxide  of  lead  in  distilled 

water,  containing  4  or  5  grains   to  the  gallon,  be  exposed  to  the 

air,   it  soon   becomes   filled   with   silky  crystals  of  the  hy<lrate(l 

oxycarbon.ttc,   owing  to  the  absorption   of  carbonic  ncid ;  and  in 

a  few  hours  the  water  does  not  contain  more  than  ,- „  ^ .;  j-a-g  of  ihe 

metal  in  solution.     Water  highly  charged  with  earbonie  acid  may 

.  neveithclcss  dissolrc  lead   to   a  dangerous  extent,  owing   to  the 

Solubility  of  carbonate  of  lead  in  excess  of  carbonic  acid ;  when 

water  thus  imprecated  with  lend   in   boiled,  the  gas  is  expellal, 

and  the  carbonate  subsides.     So  general,  however,  is  the  action 

of  water  upon  ka<l,  that  it  is  rare  to   find  any  that  has  been  kept 

in  citterns  of  this  metal  perfectly  free  from  all  truces  of  it.     Slate 

cisterns  arc  therefore  greatly  to  be  preferred  to  leaden  onc-t. 

At  high  temjicratureij  lead  al}aocl>»  oxji^en  ta^\i\N  Iwiva  "Coa. 
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pUcable,  &a  the  sOicB  oomi 
fbsible  sUg.  It  U  fimnd 
Bulphide  of  lead  hy  nkeuu 
fonn  of  granulated  cut-ix 
iron  to  20  of  pore  gakoR. 
fomacej  about  30  feet  big 

These  varioiu  fomaoe 
diBengagement  of  white  1 
and  Bulphate  of  lead,  and 
in  thia  way  neariy  a  aevei 
dependently  of  the  waste 
deleteriotu ;  it  is  tbeiefei 
as  possible  their  iliffuBioD 
the  Harti  about  tI.^  of  tli« 
the  gases  trom  the  funia^i 
detising  chambers,  before 

(755)  J'ropertieg.—lM 
it  may  easily  )jc  nmib  '. 
upon  paper,  aud  niiiy  \n:  <• 
into  tolerably  thin  sln^•^ 
in  dnctility  aud  tcun 
(Person;  or  617"  Rud 
tained  in  cubic  or  in 
tracts  considerably  at  . 
therefore  not  well  adai  - 
power,  when  melted,  f* 
lead,  by  which  the  hff*^ 
its  softiieas  may  be  if^^ 
for  some  time,  with-*- 
and  electricity,  it  is  *"'^j 

(756)  tw««***^, 

of  a  piece  of  k  ^^-| 

but  it  soon  tan 

of  a  thin,  closcli 

from  further  dt* 

dry  atmoBphc/. 

water,  which  ' 

metal  will    ' 

it  be  espost" 

SulijrL't  to    1-     ^ 

the  )«m1  bf 

oxide  of  ]<   ^. 

drated 
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and  tia  (676).     When  lead  U  melted  with  zinc,  a  white,  bard, 
uctile  alloy  U  formc-d.    Pot  mvtal  is  ttn  idio}'  of  lead  nod  copper, 
btaincd  b;  throwiug   lumps  of  copper  into  red-hot  melted  lead 
|i(iir^u(le) :  it  is  of  a  %Ky  colour,  brittle,  UTid  gruuular. 

Other  compounds  of  lead  are  also  largely  employed  in  the  arts. 
lie  red  oxide  enters  in  large  proportion  into  the  constitution  of 
iut  glass.     The  carbonates,  the  oxychlorides,  and  the  chromutcs 
extetuively  used  as  pigments. 

(758)  CuMPULSus  OK  Leao  with  OxroEN. — Lead  forms  four 
\Aft»; — an  uiiitiiportuiU  Iji.nk  dioxidi',  PhjO,  obtained  by  heating 
lie  oxalate  to  about  600'',  in  a  glass  retort.  A  protoxide,  FbO, 
[which  U  the  baxi*  of  the  ordinnry  wilt*  of  the  metnl,  consistin;;  in 
J  CO  parts  of  9382  of  lead  and  718  of  oxygen  ;  a  binoxide,  I'liOj, 
which  ia  in«olublc  in  acidn,  100  parts  of  which  contain  86-61  of 
lend  and  I3"39  of  oxygen ;  and  red  lead,  which  is  a  compound  of 
^tlie  two  oxides  lust  mentioned,  usually  in  the  proportions  indicated 
,by  the  formula  [aPbO,Pb04). 

Protoxlik  of  Lrad  (PhO=lli'6)  ;  %  Gr.  9s  to  9,5.— This 
oxide  is  well  knoHU  under  the  name  of  Litharge.  Its  colour  varies 
according  to  the  mode  of  its  preparation.  Usually  it  is  obtained 
on  a  large  scale  by  tlic  oxidatiou  of  lead  in  a  current  of  air,  in 
which  ca»e  it  forms  a  ecidy  mass,  which,  if  of  a  yellow  colour,  is 
commonly  termed  litharge  of  silver ;  if  redder,  it  is  termed  litharge 
of  gold.  The  former  is  the  purer,  115  the  red  colour  is  due  in 
many  cases  to  the  presence  of  a  small  quantity  of  minium.  If 
the  oxidation  be  effected  at  u  temperature  below  that  required  for 
the  fuaiou  of  the  oxide,  a  ycUow  powder  termed  maaaicol  ia 
obtained.  Coiumon  litharge,  when  reduced  to  a  fnic  powder,  also 
has  a  dull  yellow  colour ;  when  heated,  it  assumes  a  browu-rcd 
colour,  which  disappcui's  again  as  it  cooU.  If  a  hot  Huhttiou  of 
caustic  »oda,  of  sji.  gr.  i'4J,  be  saturated  with  Utharge,  the  oxide  is 
deposited,  as  the  liquid  cools,  in  beutitifnl  anliydrous  roac-culourcd 
crystals.  If  the  solution  of  oxide  of  lead  iu  caustic  soda  be  allowed 
to  evaporate  spoutaueously  by  exposure  to  the  air,  the  alkali 
gradually  absorbs  carliouic  acid,  and  the  oxide  is  deposited  iu 
transparent  anhydrous  dotlccnbedriLl  crystals. 

If  a  salt  of  lead  be  precipitated  by  the  addition  of  a  caustic 
alkali,  in  slight  excess,  the  oxide  of  lead  in  precipitated  in  the 
form  of  a  white  hydrate  (2l'i)(),U0).  Another  hydrate  (s^bO, 
HO)  may  be  obtained  in  groups  of  tmiispareut  octohedrons,  or  of 
four-sided  prisms  mixed  with  anhydrous  crystals,  by  precipitating 
a  MlutioQ  of  triacetate  of  lead  by  au  excess  of  ammonia,  at  a  tem< 
jxrature  of  86". 


the  oxide ;  the  solution  absorbs  carb( 
air,  and  mere  filtratioa  in  many  cases 
large  portion  of  the  oxide  in  the  form  i 

Oxide  of  lead  is  soluble  in  solutions 
deed  it  forms  compounds  with  the  alkalii 
have  been  obtained  in  crystals  j  they  ai 
simple  exposure  to  the  atmosphere,  owii 
bo.iic  acid.  The  solutiou  of  the  oxide 
used  as  a  hair  dye:  the  lime  softens  and  p 
and  the  lead  of  the  oxide,  combining  n 
forms  sulphide  of  lead,  which  stains  tht 
Litharge  is  in  continual  requisition  by  tl 
enters  largely  into  the  composition  of  th 
ware.  A  mixture  of  i  part  of  massii 
dust,  made  into  a  paste  vith  linseed 
sets  exceedingly  bard  and  is  frequently 
in  stone  facings.  The  stone  should  be 
the  mastic. 

Oside  of  lead  is  a  powerful  base, 
to  form  subsalts ;  those  which  it  yields 
of  those  with  nitric  acid,  are  soluble ; 
line  reaction  upon  test-paper,  and  i 
avidity.  Indeed,  owing  to  the  very  spi 
carbonate  of  lead,  a  solution  of  a  subsal 
test  for  the  presence  of  carbonic  acid,  ei 
water ;  a  mere  trace  of  carbonic  acid 
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,vc  Iwcii  fonaeil,  whk-Ii  (^uiisintixl  of  j  PUO.PbO,.  All 
jiuuiiiU  pMAscAB  a  lirilliaut  red  colour.  If  tlit;  liUtcr  two 
rl  with  a  solution  of  potosti,  or  with  one  of  normal  acetate 
the  exceM  of  oxidi:  of  k-ai]  ma;  be  dissotrcd  oat,  aud  the 
id  rW.PbOj  U  leO. 
leul  is  obtained  by  heating  metallic  Irad,  to  u  first  to 
tbe  protoxide  or  moMlrDt,  ket^jiing  the  t«in|>eraliire  below 
mg  point  of  the  oxtile ;  the  oxide  m)  obtained  is  tiiicly  Icri. 
in  water,  and  the  irartieles  wliieh  are  hc]d  in  suspension  arc 
sutiude,  dried,  and  exposed  in  iron  trap,  to  a  hcnt  of 
',  in  a  reverberatory  furnace.  The  additional  quantity 
JB  gratlually  abaorbni.  If  white  lead  is  submitted  to  a 
rooMtiog,  the  carbonic  acid  ia  expelled,  and  inininmof  rery 
klity  tH  ubtAini-d  by  the  gradual  alieorplion  of  oxygen.  Tlie 
use  of  red  lead  is  in  the  manufacture  of  flint  gtafls. 
care  i*  required  in  the  preparation  of  minitim  for  thiH  pur- 
Mt  is  uccesaary  that  it  aliouUi  be  free  from  the  oxides  of  other 
which  would  imiiart  colour  to  the  glaM.  In  the  oxidation 
lead,  which  ooiistitutea  the  lir«t  atago  ia  the  preparation  of 
]j  tlic  raetiiU  which  are  more  oxidiuiblc  than  leail  arc  re- 
ith  tlie  lir^t  portions  of  oxide ;  whilat  the  copper  and  silrcr 
''  ''<■  in  the  portions  of  oxide  which  arc  produced  Iai>t.  The 
te  stage  of  the  operation  is  therefore  that  which  fiir- 
the  pun»t  OAiile.  Minium  is  tetter  suited  to  the  gliut»> 
tluku  litharge,  because  the  excess  of  oxygen  burns  ofl'  any 
ibiv  matti-r  which  may  accidentally  be  ]>reNent,  and  converts 
toxiilc  of  iron  into  peroxide.  Red  lead  is  also  used 
iug  the  inferior  kinds  of  red  acaling  wax,  anil  fur  paper 


liniuni  be  cxi>0M.-d  to  a  hi;;h  tcmpcmtnn!  it  i*  deoonipo»e<l, 

is  evolved,  aud  the  protoxide  of  lead  remains.     Minium  is 

'  in  the  acids,  but  by  many  of  them,  especially  by  nilric 

'mjtoficd ;  a  salt  of  the  proto.ude  is  formed,  and  the 

k-  u(  iciul  reiuaini  behind. 

a)  Perotide  t^  Lead  (PbOj=Ji9-6;  Sp.  Gr.  9-45).— This 

ittd    i»   oocaHioiiully   found    native   in    irou-blaek    brilliant 

Imt  prisms,  forming  Actfi-y  leadorc.     It  is  usually  prejULrcd 

{fating  mintutu   very   finely,  and  digesting  tlie  powder  in 

[  nitric  acid,  diluted  with  4  or  5  times  its  bulk  of  water ;  tlic 

ia  wssliod  with  freitlt  nilric  acid,  and  then  vith  water,  till 

ag  aoluble  i»  removed.     It  may  also  be  obtained  by  gently 

a  mtxtnre  of  4  parta  of  lit)i:irge  in  tiue  powder,  with  1 

uitratn  of  potaali,  aud  washing  the  product  with  water. 
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'WoUer  prepares  the  peroxide  b 
dilarine  throogfa  the  magma  < 
4  putB  of  acetate  of  lead  with  ( 
Bate  of  loda :  the  carbonate  of 
pktelj  amrerted  into  peroxide 
washed ;  diloride  of  aodium  ii 
adda  are  set  free,  as  follows  :— 

PbOjC^HjO, + NaO,CO, + C 

N« 

Yariooa  other  oxidising  agenti 
protoxide  into  the  peroxide  oi 
heated  with  a  solotion  ctf  bleac 
crfstals. 

Peroxide  oil  lead  is  insoluhl 
verted  by  heat  nnder  disengage 
snlphmooB  acid  instantly  deco 
protoxide;  PbO^  +  SO^-PbO,! 
in  the  JMbontory  to  absorb  buIj 
gases.  If  digested  in  a  soluti 
current  of  this  gas,  mutual  decc 
ammonia,  and  protoxide  of  leai 
chloric  acid  dissolves  this  oxide 
from  which  the  alkalies  repn 
Bcid  be  employed  hot,  or  in  a 
is  produced,  and  chlorine  is  s( 
with  a  fifth  of  its  weight  of  snlj 
tion  ;  sulphurous  acid  and  snip 

Peroxide  of  lead  appears  I 
acid.  By  fusing  the  pure  pero 
of  soda,  in  a  silver  crucible,  ai 
quantity  of  hot  water,  crystal; 
are  formed  as  the  solution  coc 
KO,Pb03  +  3Aq;  (Preray).  : 
pounds,  and  the  peroxide  of  lei 
sih'er  and  manganese,  the  pen 
tricity,  aud  is  formed  at  the  zit 
solutions  of  the  protosalts  of  1 
corrent. 

(761)  Compounds  of  Sulpi 
tant  of  these  is  the  protoenlph 
gists.  Besides  this  a  sufasolphi 
in  redooing  galena;   and  a  n 


oalcna — ciiLoBioe  or  leas. 
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Bi  ite  composition  U  not  ncctinitcly  kuowu  :  it  a  quicklv  rc- 
I  to  the  litiitid  into  protoAulpltide  of  Icsd  and  free  siilpUiir. 
■cnulittiUIc  is  procured  \}j  adding  at  xilution  of  a  pcnulphidc 
■  of  the  mi-taU  of  the  alkalies  to  a  solution  of  a  rait  of  lead. 
tnlMulfMJe,    or    Oalaia    (PItS  =  iiy6 ;    Sp.    Gr.   7jy}. — 
k  is  ui  nbiindojit  fDincral,  and  forms  tbc  principal  ore  of  lead  ;] 
k  briuiti  %aUUiice,  aiid  in  found  cryctidlixed,  more  or  lew] 
ptly,  in  cuImm  of  a  deep  leaden  colour  aud  strong  metalUe ' 
L     It  inaf  be  formed  artificmll}'  hy  fusing  lead  with  *idpliur ; 
BBajr  Iw  prccipiutnl  as  a  liydraie  by  treating  any  of  ita  saJts, 
I  in  solution  or  in  i>u.<pen»iuu  in  wat«r,  witli  Hulpliuruttwl  liy- 
m.     ^V|tcn   heated  in  closed  veHaeU,  part  of  the  sulphur  is 
led,  :i[iil  atHbimlphiA;  {V\S)  left ;  thi«  oubitulphidc  \h  formnl 
b  Ur|t«  Matin  in  the  process  foe  r«dudng  galena  ;  it  is,  how- 
Imooipuwd  by  a  luotlcrnte  beat,  «s  the  lead  nieltA  out  in  the 
Be  form,  leaviug  tbc  prutoenlphidc,  which,  though  fusible, 
I  to  tbsQ  the  metal  itself.     Galena,  wbeu  heated  in  t-ontaet 
lir,  id  oxidated,  part  of  the  sulphur  hums  off,  ai>d  a  mixture 
me  of  lead  and  sulphate  of  lead  ia  formed.     Nitric  aeid  and 
ngia  decoinpoAC  it,ooaTerti»g  it  into  sulphate:  hydrochloric 
ns  hnt  aluvily  ujmu  it  in  the  cold,  hut  at  ii  boiliitg  temperature 
Inipnart  it  fret^ly  and  cvolres  sulphuretted  hydrogen.    When 
Upbiilo  it  fused  irith  lime  or  with  the  alkalies,  metallic  lead 
^Hd.      If  heatal  with  oxide  of  lead  or  of  iron,  it  i«  reduced 
HHlpc  of  Butphuroiu   iteid.       When   heated   uith   a  small 
nr  uf  nitre  a  similar  result  i«  obtained.     Wbco  the  >ulpIiido 
I  in  bcatcd  with  metolhc  iron  it  is  deoompoocd,  sulphide  of 
pd  ooet-Ulic  lc«d  being  the  mult.     Advaiitagt;  ia  taken  of 
bt  in  the  ii«»y  of  galena ;  200  grains  of  the  powdered  ore 
txeil  wiUi  300  of  black   ftiix,  3  or  4  blar)(Mnith'.t  luiils  are 
Ita  a  Cornish  crudhle  with  their  heads  downwards,  tlie  niii- 
k  introtlnnnl,  and  corcnd  with  a  soioll  (|uaiitity  of  fused  and 
!i    '  '     i-ix.     It  islieated  to  full  redness  for  10  minutes  :  the 
t  ilrawn,  and,  when  cold,  the  crucible  in  broken,  aud 

BCon  of  tnetallic  lead  is  weighed. 

fz)  CiuoaitiK  or  Lkio  (PbCI=i39-i)  is  bo«t  prepared  bj 
katiiig  a  wUttion  of  nitrate  of  lead  by  the  additwn  of  a 
p  of  chlonde  uf  Hodium  ;  a  Mpikringly  wluhle,  white,  heavy 
EtAtc  occurs.  It  is  Eoluhlc  in  about  53  parts  of  boiling  wBt«r, 
Li*  Lakeii  up  more  Kpuringiy  if  aii  exc<.->.t  of  hydrochloric  acid 
I  oat ;  tlni  concentrated  acid,  however,  dissolves  it  readily.  It 
I  Auihtr  inUi  a  scmi-trRnvparent,  horny,  scctilc  man,  and 
I     cmiictaUirca  may  be  volatilized.     If  ktpt  fuiicd  in  air  till 


no  more  fomea  arise,  it  is  conver 

'Ri.e  alkalies  at  first  convert  it  i 

be  prolonged,  into  pnre  oxide. 

Oxt/chlorides  of  Lead.—'Sh 

lead  in  several  proportions.     C 

lacent,  fusible,  colourless  mini 

in  the  Mendip  Hills  crystalliBi 

Pattinaon  manniacttiies  a  vhit 

by  acting  on  powdered  galena  i 

of  lead  thns  obtained  is  diaaoW 

tbe  addition '  of  lime-water  in 

half  the  chlorine ;  CaO+a  Pfa 

chloride  has  been  nsed  to  son 

vhite  lead.     Another  ozycbloi 

some  importance,   known  und 

Tktmar's  yelltno;  it  forms  a 

yellow  colour,  which  may  be  o 

of  sal  ammoniac  and  lo  parts  < 

When  an  acid  solution  of  i 

cnrrent  of  sulphuretted  hydrt 

formed  is  of  a  bright  red  colot 

gas  it  becomes  black,  and  fumi 

pound  is  a  ehlorosulpfade  of  la 

BaouinE   or  Lead   (PbB 

sparingly  soluble,  and  fusible  t 

(763)  Iodide  of  Lead  (P 
obtained  by  precipitating  a  sol 
lead  by  one  of  iodide  of  potass 
yellow  powder,  sparingly  solub 
in  hot  water ;  the  solution  as 
spangles  of  a  silky  lustre ;  the; 

The  iodide  of  lead  forms  d 
alkaline  metals.     Several  oxyii 

A  remarkable  compound  o 
lead  (PbI,PbOI)+4(PbO,COj 
by  precipitating  the  tribasic  a 
equivalent  of  biniodide  of  pota 
potash. 

Fluoride  of  Lead  (PbF)  is 

(764)  Sulphate  of  Lead,  ( 
This  compound  occurs  native 
crystals ;  it  is  also  found  in  o 
When  procured  artificially,  it  ft 
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he  Acw),  ftvdjT  BO  in  a  ralutioa  of  acetate  of  ammoDia  of  sp.  gr. 
5o,  or  iipH-iinlft.  Au  exceu  of  nuliiburic  aciii,  Uowevcr,  tlirows 
rn  llie  whole  of  tlie  lead  tw  sulphate  from  the  acetic  solution. 
■Atlior  mIU  of  ammoaia  al!K>  posftots  tii«  property  of  (li«- 
H|>  sulphftte  of  leiul,  but  to  a  tsioBllcr  cstcnt.  Tlicy  form 
H  mlbi  Mith  the  sulphate  of  lead,  a»i)  these  compoundu  arc 
^n  wliible.  Sulphate  of  leail  is  (lissolml  also,  to  some  ei- 
^^7  eoQcoutrated  sulphnrio  acid,  but  it  is  inwoluhic  in  pure 
ft.      Hot  livdrtKhlofie  acid  alM>  cliwolrM  it  sfiosibly,  aud  de- 

IoyRtaU  u{  chloride  of  lead  on  cooling,  leaving  a  portion  of  huI- 
:  add  frceiii  the  aolutiou.  loo  part*  of  the  »alt  contain  7361 
^  III  and  2ft'3(>  of  sulphuric  acid.    It  may  be  obtained  bjr 

;  :L..,  :..iricftcid,  or  a  uolutiou  of  uiiv  »ulphatc,  to  a  solution  of 
I  the  ultK  of  lead.  It  la  fumiahed  in  large  quantitica  tu  n 
lary  prtidijct   during  the   pre|>nrnttoii  of  nectatv  of  aintnina. 

■  ail  tlie  initoluhic  compounds  of  lead,  it  is  gradually  decom* 
■1  by  aulphurctted  hydrogen;  «  black  sulphide  of  lead  U 
mti  feu4  il»  acid  is  set  fnc.  Before  the  blowpipe  it  yields 
■flle  lead  in  the  rodueiiij;  llanie,  though  it  will  bear  a  high 
KntUFc  without  docoiDposition  when  heated  alone.  Sulphate 
Hllphidc  of  lead  uheii  hentc-d  together  dccumpoHc  each  other, 
^■hunul  vrhcu  speaking  of  the  process  of  lead  snieltiog  (75i)< 
Hllpliate  is  reduced  nhen  heated  witli  carbon,  but  the  pro- 
Bnry  with  the  proportion  of  carbon  used,  oa  may  be  seen 
B  annexed  etiuatiuiiK  ; — 

■  3  (Pl)0,S0,)  +  C  =  3  Pb0  +  CO,+  2S0j 

■  PbO.SO,  +C=  Pb  +  CO,  +  SO,  j 

■  PbO.SOj  +4  C=  PbS  +4  CO 

K/fiAffr  0/  Lead  (PliOjSOj)  is  a   white  powder  inraluhle  ia 
Hbitt  koliibte  in  acids  witb  escape  of  sulphurous  acid  :  when 
H  it  is  i>ai'tially  dccompovcd,  with  cwapc  of  snlphurona  acid. 
B*  : '    ^    I  KATES  or  Lead. — Oxide  of  lead  combines  with  nitric 
■:  .1  proportions,  vix.,  PbO.XO,  ;  aPbO.XOjj  3  PI)0, 

kid  6  PbO.NO,. 

^^1^  of  Uati  {VhO,SO^=i6s-6  ;  S;i.  Gr.  4-,58i}.—Thi*  salt 
^^^KMiiiei)  by  diHwlviiig  litlmrgc  or  mclallic  lead  in  ex- 
^■uilric  acid  aumenhat  dilutwl  ;  it  cr}->tiil  lines  in  n^lar 
^k)Uk  octuhedra,  which  are  sometiiuee  trau'^parcnt,  but  more 
^nihr  milk  white  and  opacpic :  thi-y  contain  6j-iz  |icr  cent. 
^HbIIcju),  and  337^  of  nitric  acid.  It  is  soluble  in  about 
^^HfioUl  water,  is  njMiriugly  toliible  in  nitric  acid,  aud  in- 
^^Kloohul.     If  beatfd  to  redness,  it  decrcpitat«a  strongly, 
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thtni  fu»cs  &ud  is  decomposed  ;  osygvo,  nnd  pCTOxUie  of  nitrogai 
(NO^),  in  the  aiitiydrous  stale,  are  evolved  (309),  wbUc  protoxide 
of  lend  remains.  Caustic  amniotiia,  if  added  to  a  solution  of  llie 
nitrate,  in  quantity  inaufBcieiit  to  combine  with  the  whole  of  the 
»cid,  throws  down  a  sparingly  soluble  dinttrate  of  lead  (a  PbO, 
NO^].  Tliia  suit  may  be  alio  procured  by  boiling  ilie  normal 
nitrate  vith  litharge.  It  is  said  to  be  deposited  from  its  solution  in 
bat  vater,  in  small  opaqiie  auhrdrons  cryBtale,  which  decrepitate 
forcibly  when  heated ;  I  liav*?,  howwcr,  always  fiinnd  it  to  crtv 
tallize  in  leaHets  with  i  Aq,  atut  thia  accords  with  P^igot's  ob- 
BCrvation.  ])y  precipitating  the  nitrate  witlt  a  slight  exccM  oF 
amiDoiiin,  a  trixnilrate  is  formed,  which  t'alU  as  a  while  powder, 
containing  i ;  Aq ;  by  adding  a  large  excess  of  wnmouia  to  the 
normal  nitrate,  a  hexantlirate  is  formed;  it  also  oontaina  if  Aq 
(Bcraclius). 

(7I>6)  NiTRiTKs  nr  Lkad. — The  action  of  metallic  lead  on  t 
solution  of  the  nitrate  of  lead  is  rcmitrkable ;  the  acid  of  tlw 
normal  salt  tmparla  oxygen  to  the  metal,  which  in  dissolved, 
whilst  Bubsalts  of  the  lower  oxides  of  nitrogen  are  produced. 
Several  of  these  compound*  may  be  obtained ;  the  oompositioa 
of  the  subsalt  rwrying  aeeordiog  to  the  proportions  of  the  oonad 
nitrate  and  of  tlic  metal  pinpluycd.  When  a  solution  of  166  part* 
or  1  equivalent  of  nitrate  of  lead,  ia  heated  to  about  140°,  with 
104  parts  or  1  equivalent  of  metallic  leiut,  {if^rfect  solution  takes 
place,  and  a  salt  having  the  formula  (1  l'bO,NO,  + Aq},  or  more 
probably  (2  PI)0,NOj,2  PbO,NOj  +  a  Aq),cry»lalliiea  ou  cooling, 
in  yellow  plates;  for  PbO,>JOj+Pb=a  PbO.NO^.  If  M  cqni- 
Talent  of  letul  he  em]>loyi-(l  insu-nd  of  1  equiniteat,  another  salt, 
composed  of  (7  PbO.HO,  2  NO^  +  i  Aq),  or,  as  is  more  probable, 
(4  PbOjNO;  +  HO,3  Pl>O.NOj  +  2  Aq),  crystallijic*  in  heavy  orange- 
rc<l  iiccdlea.  By  boiling  a  very  dilute  solution  of  the  nitrate  with 
2  equivalents  of  lead  for  some  time,  a  third  salt,  which  is  a  tttrt- 
aiVriVf  q/'/eflrf,  composed  of  (4  PbO,NOj  +  Aq;  P^ligot),  cryatalliao 
in  hard  rose-red  silky  nc<?dU:!i,  which  are  but  spuringly  soluble  in 
hot  water,  and  still  less  so  in  oold  ;  a  normal  nitrite  of  lead,  PbO, 
K0(,  may  be  formed  by  transmitting  a  current  of  carbouic  acid 
through  the  solution  of  the  basic  nitrite  just  mentioned:  a 
dibasic  nitrite,  1  PbO.NOj.HO,  as  well  as  a  trihwic  uitrile,  3  PbO, 
NOj,  have  also  been  formed. 

(767)  Piiiisi'iiATRa  or  Lkad. — The  salts  of  lead  give  «  wldta 
precipitate  with  the  soluble  salts  of  each  modiGcalion   of  pbos- 
jiioric  acid ;  these  pbo»^\ieitcs  atw  Yi^inci^lly  interesting  m  for- 
njahinc  an  easy  uteaus  o£  pxocyr^tt%^^^«^"S'^''*^**''^^5^****^ifiS**■* 
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acids,  by  saspendmg  th«  com?apoDdin|;  aaU  in  water,  and  deconi' 
powiiig  it  by  mcAii«  of  a  ciirrciit  of  siitphuruttcd  hydrogcti.  All 
the  pboapbaies  of  lead  are  Aoluble  in  nitric  acid.  The  diphoiphate 
of  lead  (j  PbOiPOj),  bi'fore  the  blowpipe,  furnishes  a  sera i •trims - 
p&rent  globule,  which  becomes  remarkably  cryst^liue  on  cooling, 
Triphasphatf  of  lead  occurs  both  ninssivc  and  crystnllir.ed  in  aix- 
■idod  prisms  ;  the  produce  of  a  smalt  mine  at  Wisserabourg  con- 
««ta  principally  of  this  compound,  mixed  with  the  cnrlmnate  of 
lead.  A  ehloropko»phate  of  lead,  PbCI  +  j  (3  PbO.PO^),  is  found 
native  in  yellow  itix-sided  prisms  :  it  is  rcndity  fusible. 

Baracie  add  may  be  fnsed  with  oxide  of  lead  in  all  proportions ; 
borate  of  lead  enters  into  the  composition  of  Fnrndny's  optical  glnM. 
The  ailiealea  of  had  enter  largely  into  the  formation  of  flint  glass. 
Stticn  and  oxide  of  lend  may  be  fii«inl  together  in  almost  all  pro- 
portions ;  the  larger  the  proportion  of  silica  the  less  fusible  is  the 
compound,  and  the  freer  from  colour :  with  an  excess  of  oxide  the 
glass  is  yellow. 

{768}  CrtnuoNATEB  OF  Lkad. — Nativc  carbonate  of  lead  {PbO, 
CO,:  Sp.  Gr.  646)  is  a  beautiful  mineral  met  with  crystallized  in 
transparent  needles,  or  in  fibrous  masses,  which  are  generally 
opaque.  It  is  soft  and  brittle,  and  usually  accompanies  the  de- 
posits of  galena,  in  small  quantity.  The  manufacture  of  carbonate 
of  lead,  or  lekiie  lead  for  tlie  painter,  is  carried  011  upon  a  large 
scale.  Several  methods  are  in  use  in  the  preparation  of  this  com- 
ponnd:  in  all  of  them,  however,  certain  peculiaritiea  in  the  pro- 
pcsrtiea  of  the  acctntes  of  lead  are  taken  advantage  of.  There  are 
two  acetates  of  lead,  a  normal  salt,  PbO.CJjII.^O^,  and  a  tribasic 
acetate,  3  PbO,C,HjOj.  A  solution  of  tha  normal  acetrtte  in  the 
presence  of  an  excess  of  osidc  of  lead  readily  unites  with  it  to  form 
the  ba^ic  salt,  and  'this  sulwtcctiite,  if  exposed  to  an  atmosphere 
containing  carbonic  acid,  rapidly  absorbs  this  gaa,  and  is  thus  con- 
verted into  carbonate  of  lead  and  normal  acetate.  These  ehaiiges 
may  be  thus  represented . — 

AMlUr  af  Lctd.  Oi.  Ltid.  TrU«I>I«  of  IhwI. 

PbOJCJlA  +  a'PbO  =  ^'PbO.C.H^, ;  and 

IViHMU*  or  Lcitd,  Cirb,  ^ciit,        AbfuEf  of  Lrrul.  CMhonitle  of  L«*d. 

3'l*bO,C»H,6j  +  aCO,  =  PbO,C.H]6,  -h  j^PlACOi)- 

The  fallowing  is  the  plan  which  is  known  as  the  Duteli  method 
of  making  white  lend ;  it  in  rtill  carried  on  extensively  at  Lille : — 
A  number  of  small  glazed  earthen  pots  arc  partially  fdlcd  wUK  a 
wvttic  ainH  rta^fur,  and  in  each  pot  a  tliinslticet  ot  tafts.v\«aA.iyJ^'A. 


t  CaRBOXATCS    op    lead — WHITE    LEAD. 

iato  a  Hpiral  form  is  placol ;  t1i<MC  pots  are  each  cohered  vitb  a 
pUte  of  Icttd,  aiiil  arranged  in  rows ;  they  are  then  placed  iu  ticn 
ODC  abort  another  to  a  depth  of  i8  or  30  fvct,  aiid  imbedded  in 
spent  tan  or  in  diic^mpiMiiiig  hone-dung ;  the  warmth  given  oat 
daring  its  putrc&ctioo  Tolatiliics  the  vinegar,  and,  undvr  tbc  niutal 
iiitlufRci;  of  the  air  and  acid  fitmei>,  an  oxide  of  lead  is  formed 
upon  ihc  surface  of  the  coils  of  metal;  this  osidc  combiMW  with 
the  acetic  add  irhich  ri«cs  in  vapour  from  the  vinegar,  and  a  banc 
acetate  of  lead  is  thus  produecd.  The  carbonic  acid  which  is  »ap. 
plied  from  the  di«ompo*ing  liot-l)ed  nradily  convert*  this  salt 
into  carbonate  of  lead  and  the  normal  acetate  ^  whilst  the  latter 
again  comhintM  with  n  frnh  portion  of  newly-formed  oxide,  anil 
produces  the  subaeetate,  which  is  decomposed  as  before  :  hucdcsmtc 
dcconipositiuiiH  and  rccomptwitions  eottue,  as  the  nonnal  acetate 
immediately  tlissolvea  any  oxide  of  lead  presented  to  it,  forming 
the  subacelJile,  which  again  is  decomposed  under  the  influenoe  of 
carbonic  acid.  Uolled  lead  cannot  be  advantageously  sultstitutol 
for  caat  Iciid  in  thin  process  (Brande),  and  the  purest  lead  b 
always  preferred,  traces  of  irou  being  saffidcnt  to  impart  an 
objWTtionnblo  yellow  tinge  to  the  product. 

Since  the  lead  in  this  process  deriven  oxygen  from  the  air,  it 
is  necessary  that  the  ntmui^phcrc  be  allowed  to  come  sufficieDtly 
into  contact  with  the  coiU.  The  (luantity  of  vinegar  which  ia  re- 
quired is  very  small,  i  part  of  pure  acetic  acid  to  too  parts  oE 
lead  being  amply  suthcieiit.  The  carbonate  is  thus  produced  very 
slowly,  and  forms  a  compact  layer  upon  the  surface  of  the  coils.  It 
atwavK  contain.*  an  excesa  of  hydrated  oxide  of  lead,  but  tlie  pro* 
portion  of  this  oxide  is  liable  to  vary.  Mulder  found  a  specimen 
wliicli  he  examined,  to  contain  PbO,HO  +  3  (PhO.COJ  ;  but  more 
usually  it  consists  of  PbO,IIO  +  2  (PbO,cb,).  By  luirolling  the 
coils,  the  carbonate  breaks  off  in  Rakes  of  n  dead-white  colour,  jur* 
Dishing  the  kind  of  white  lend  most  approved  byartistaand  colour- 
men.  Hefore  it  is  fitted  for  their  use,  it  is  subjected  to  tlie  pro- 
cesses of  grinding  and  le*-igation,  by  which  it  is  reduced  to  an  itn- 
palpable  powiler.  Although  this  pulvcrixation  is  pcrfonne<i  under 
water. the  fine  particles  of  the  carbonate  become  diffused  through  the 
air,  rendering  the  operation  very  deleterious  to  the  worknieu. 

This  circumstance,  combined  with  the  length  of  time  requisite  for 
the  formation  i>f  the  curl)oiiale,  iuduoed  Tlienard  to  substitute  for  the 
forcRoing  process  the  direct  decomposition  of  asolutlon  of  the  sub- 
acetate  of  lead,  by  meana  of  a  current  of  carbonic  acid  ;  the  car- 
bonate is  thus  procured  in  a  state  of  extreme  division,  and  as 
ntpidly  as  can  be  deawcA-.  it\iaLa,\\<i«cx"i^,\'»*  tt^wavj*  w.  ■"w&\» 
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owing  to  ita  being  dciitwiU^l  in  cxcecditigly  minute  crystals,  and 
i»  inferior  as  a  pigment  to  that  procured  l>y  the  Dutch  method. 

A  third  procesd,  at  one  time  employed  at  Birmingham,  cuusi«tcd 
in  exposing  litharge,  moistened  nith  a  solution  of  acetate  of  lead, 
to  a  current  of  impure  carhonic acid,  obtained  from  the  combustion 
of  coke. 

Carbonate  of  lenil  is  easily  decomposed  by  he&t,  ^vii^  off  car> 
bonic  acid,  and  leaving  a  residue  of  protoxide  of  lead.  It  ir  in- 
soluble in  water,  unless  the  water  be  charged  with  carbouic  acid 
to  a  large  extent,  vhen  it  i*  slightly  nohiblc.  Tt  is  also  sutuble  in 
most  of  the  acidit  with  etferve»ccncc,  and  is  likewise  dissolved  by 
solutions  of  )K)lash  ami  *oda.  Tt  is  (piickly  liliiokened  by  c,\\to- 
•ure  to  nuiphu retted  hydrogen  both  in  tlic  form  of  gas  and  when 
in  solution  in  water.  This  liability  to  blacfccn  by  the  action  uf 
thcga«  posscswd  by  the  carbonate  in  common  with  all  the  salts 
of  Icati,  is  a  serious  objection  to  the  nne  of  the  compounds  of  lead 
in  pigments. 

Carbonate  nf  lead  in  often  fraodalently  mixed  with  a  couHidernble 
quantity  of  sulphate  of  baryta,  which  is  much  cheaper,  though  its 
whiteneita  is  less  intense;  a  small  iitiantity  of  indij^o,  diareoal,  or 
sulphide  of  lead  is  usually  aiMcd  to  white  lead,  in  order  to  sub- 
Niitute  a  bluish  tint  for  the  natural  tendency  of  the  white  towards 
velJow, 

> 

(7S9)  CHAB.tcTKRs  OP  THi!  CoMPOCXDS  OP  Lead, — The  salts 
oflentlwith  colourless  acida  arc  colourless.  The  soluble  salts, 
liven  when  neutral  iu  composition,  redden  litmus;  but  its  battic 
»alts  have  an  alkaliuo  reaction.  Tlicy  have  a  sweetish  metallic 
laxte  and  exert  a  poisonous  action  on  the  system.  In  ca-ies  of 
poisoning  by  a  dose  of  the  soluble  salt*  of  tend,  the  best  antidote 
in  Kulplute  of  magnesia,  or  of  soda,  which  forms  an  insoluble  and 
inert  sulphate  of  lesid.  This,  however,  is  of  no  avail  in  the  more 
usual  forma  of  lead  jxti^toning,  tn  which  the  metal  is  introduced  in 
minute  quantities,  nniutcntioualiy,  iu  water,  or  in  articles  of  diet, 

Tlie  best  testt  for  lead  are  the  formation  of  a  white  uisoluble 
sulphate  when  tufphuric  acid  or  any  of  the  soluble  ttifpJuitrs  arc 
added  to  its  solutions ;  a  black  snlphide  with  sulphuretffd  Itydroytn 
and  with  fiydroimlphalc  ^  ammonia,  insoluble  in  excess  of  the  pre- 
cipitant ;  a  yellow  cbromate  with  chromale  of  potash ;  and  a 
yellow  iodide  with  iodide  of  potnssium.  Ihjdrochloric  acid  and 
the  soluble  chlorides  give  in  moderaiely  diluted  notutions  of  lead, 
a  white  crystalline  precipitate  of  chloride  of  lead,  ixaAiW  w>\'o^^\ft 
in   CAccw  of  potash.     Polask   gives  a  n\i'iVi  i^TCC\\;\VsA)t  <A  "^t 
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hydraled  oxide,  which  is  reilissolved  id  mi  exceu  of  tlie  fixed 
nlkalic*,  but  is  ui-arl y  in^ohible  m  amiDonia.  Cardoitaie  of  potati, 
or  of  »oda,  gives  a  dciiftc  wliite  precipitate  of  white  leud,  whic^ 
is  insoluble  in  cxcc«8  of  the  procipitaot.  Many  other  insoluble 
,*bite  salts  may  be  fonned,  a»  the  phwphnic,  nriteiiiutc,  tlie  fcrro- 
cyanide,  and  th«  cyanide :  the  latter  is  inuilublc  in  excess  ft 
cyanide  of  pota»ium,  hut  soluble  in  diluted  nitric  acid.  All  the 
insoluble  «alts  of  lead  arc  soluble  in  a  solution  of  potash.  Lead 
ha-i  n  reuiarka)jl«  tendency  to  form  aub»alt»,  litit  llie  numl>er  of  itt 
double  salts  is  not  grcnt.  From  the  insolubihty  of  many  of  in 
organic  c(>inpouud»,  it  ban  benn  much  used  to  determine  t]ie  com- 
bining proportion  of  organic  bo<lics.  It  is,  howci-cr,  more  admi' 
tageoti^  to  (!mpliH-  the  oxide  of  silver  for  ihiit  purpose,  becaww  iim 
oxide  of  lead  is  to  a  small  extent  Tolatilc. 

Lead,  like  mot>t  otlur  metaU  of  comparatively  weak  affinity  for 
oxygen,  is  easily  precipitated  from  its  solutions  in  the  mclollir 
state,  by  the  metals  more  oxidahle  than  itself:  if,  for  iuataace,a 
piece  of  xine  be'suspcudcd  in  a  solution  containing  lead,  crystals  of 
lead  are  de|>oi<ited  in  a  beautiful  aiboreMMmt  form. 

B^ore  the  blowpipe  on  charcoal  the  salts  of  lead  yield  a  a 
white  malleable  bead  of  the  metal,  Kurrounded  by  a  yellow  ring  d 
oxide. 

(770)  Extimatian  of  Lead. — licad  is  gcuerally  e«tJniatcd  ia  tit 
form  of  the  sulphate,  which  contains  fiS'^t  per  cent,  of  the  nietii 
More  rnn-.ly  it  in  determined  from  the  protoxide,  of  which  100 
parts  correspond  to  93*82  c^  lead  :  porcelain  cruciblea  must  bt 
employed  for  these  experiments,  ntnee  oxide  of  lead  is  easily 
reduced  to  the  metallic  state,  in  ivhich  case  it  would  form  an  alloy 
with  plntinom,  and  would  niin  a  crucible  compo«ed  of  this  metal 

Ijcad  may  be  separated  by  means  of  sulphuric  acid  from  all 
the  metals,  except  its  insoluble  combina.tious  with  the  metallio 
add*.  The  following  is  the  method  to  be  adopted: — If  a  galeu 
or  an  alloy  of  lead  is  to  he  analysed,  it  should  be  treated  witli  con- 
centrated nitric  acid  until  it  is  completely  decomposed,  and  then 
evaporated  nearly  to  dryneM  with  a  small  excels  of  sulphuric  acid; 
the  nitnc  acid  is  thus  expelled,  and  the  metals  are  converted  iato 
sulphates ;  the  mass  is  treated  with  water,  which  dissolves  out  aO 
the  mctaU  except  lead,  tin,  and  antimony :  quartz,  or  sulpliaie  of 
baiyta,  if  present,  would  idm  be  coutaiiied  in  this  insoluble  porticn. 
The  in>oltd>lc  resi<lue  is  collected  and  weighed,  and  tliea  digested 
peatedly  in  a  solution  uf  acetate  of  ammonia,  of  sp.  gr.  ro6j; 
'tcr  which  the  rvsidue  ia  attain  washed,  dried,  and  weighed:  the 
liriVieiJcc  indicates  tVic  ^to'^oixwtto^  »vi^wji  iA'\x»&.-«\a^\s<li*' 


solved  out  from  the  oxid**  of  antimony  and  tin,  and  from  tlie 
quartz  and  sulphate  of  baryta.  The  l«itd  innv  bu  obtained  from  its 
Kolutioii  in  the  acclatc  of  ammonia  hy  the  addition  of  hydrownliihttte 
of  ammonia :  and  the  sulphide  of  lead  thus  precipitated  may  be 
converted  into  sulphate  by  mcana  of  a  mixture  of  nitric  and  «ul- 
phiiric  acids.  It  is  evaporated  down  to  dryness,  ignited,  dried, 
and  trei^faed. 

Th«  »alts  of  lead  with  the  metallic  acid*  may  be  decomposed 
by  fusing  tliem  nilh  n  mixture  of  caustic  potash  and  carboii:ile  of 
potash :  the  raetallic  acid  combines  with  tin;  potiwh,  and  may  be 
dissolved  by  the  addiUon  of  water,  and  a  portion  of  the  oxide  of 
lead  itt  left. 


CHAPTER  XVn. 
OBODP  Til. — THIS    HOOLS   MBTAM. 

§  I.  Mbhcukv  ([Ig=ioo).     Sp.  Gr.  m  Hguid  at  32*  F.,  lyS^G, 
at  vapour,  6'g'j6 ;    Comb.  Vol.  a. 

(771)  "MERcray  or  QiikksUver'in  one  of  the  mrtals  irhich  have 
been  longest  known  ;  it  is  found  in  hut  few  localities,  and  occurs 
inoRt  frequently  in  the  form  of  the  sulphide  [cinnabar),  tisunlly 
accompanied  with  Kniall  quantities  of  the  metal  in  its  native  state. 
Occasionally  it  is  met  with  oomhincd  as  an  amalgam  witJi  silver, 
and  sometimct  in  the  form  of  Bul>cliIoride  or  calomel,  and  more 
rarely  in  the  form  of  iodide.  Gaierally  speaking,  ita  ores  ue 
found  in  clay-sl»te,  or  in  the  red  sandstone  nmlerlying  tlie  coal, 
and  not  onfrequently  among  the  coal  measures  themselves.  The 
most  productive  mine*  are  lhfi»e  of  Almaden,  in  Spain  ;  very  ex- 
tensive and  valuable  deposits  of  cinnabar  have  likewise  been  lately 
found  in  Caiifomia ;  and  the  mines  of  Idria,  in  Transylvania,  have 
also  been  eilcnsively  worked.  Considerable  quantities  are  Ukewiite 
raised  iu  China  and  Japan,  an<l  from  the  mine  of  HuancavcUca, 
in  Peru. 

Exiraciion. — The  metal  may  be  obtained  from  its  uro  cither 
by  burning  off  the  sulphur  and  distilling  the  mcreury, — a  process 
which  applies  both  to  cinnabar  and  to  the  native  metal ;  or  by 
heating  the  cinnabar  with  some  substance  capable  of  combining 
with  the  sulphur,  and  forming  a  fixed  compound,  from  which  the 
mercury  ia  aejtaratcd  by  heat.     At  Aliii&den,tWmtX^\%  esJtAwX* 


i 


L 


EXTBACTIOX    OP    MERCVRr. 

by  the  first  process.  The  ore  employed  yields  itbout  lo  per  cent 
of  mercury.  Fig.  336  »tiow»  a  ncctioii  ofthe  furnace  employ<^  :— 
each  furnace  oootains  two  grates,  and  on  tlte  lover  one,  a,  ptiv 
vtdH  iiith  n  chimnry,  i,  11  fire  of  brushwood  u  kindled ;  the  upiwr 
■  gtatin<r  is  formed  by  a  brick  arch,  ft,  pcrforatod  with  numerous 
a[)t^rltireft ;  ou  tliiii  aroli  the  aulphide  re&ts,  the  poorer  piecesofoie 
being  placed  at  the  bottom.  The  lirusbwood  quickly  kindles  tlie 
sulphur  in  th«  ore,  which  afterwardii  by  its  combustion  oiMntBtiu 
sufficient  heat  to  continue  the  opemtion  without  the  use  of  taf 

Flo.  336. 


other  fuel :  aulphumius  acid  in  formed,  niid  the  li]A-nitt.-d  incrciiiy 
dbtiltt,  and  ia  couitensed  in  wide  earthen  pipes,  d,  d,  connected 
■with  the  upper  aperture,  c,  of  tlif  funiaces ;  tlnwc  pipe*  arc  termed 
atudeh.  The  aiudela  are  supported  on  a  doubly  inclined  plane  of 
masonry ;  at  the  lowest  point  a  perforation  is  made,  to  allow  of  tlie 
CKcapc  of  the  mercury  into  a  brick  chaiiuet,  e,  through  which  it 
runs  into  a  well ;  the  fnrlhLT  end,  /,  of  the  alndclit  opens  into  a 
condensing  ehaniber,  in  which  an  ad<litional  quantity  of  mercury 
is  deposited  iu  the  trough,  g  :  tlic  sulphurous  acid  tBi<uii)e!(  into  the 
air,  through  the  chimney,  A.  Considerable  waste  of  metal  is  in- 
curred during  thiit  procr»»,  from  the  lucomplete  manner  in  which 
the  condensation  is  effceted.  Iron  pipes,  however,  cannot  be  sub- 
ttituted  for  the  enrtlicn  onm,  as  they  become  com>dcd  rapidly  by 
the  acid  vapours  produced  in  the  operation. 

At  IdHa  the  prwcss  uf  extraction  is  the  same  in  principle 
a>  at  Almaden,  but  the  condensation  is  effected  more  completely 
by  transmitting  tlie  mercurial  rapours  Ihrougb  »  sacccssion  of 
chambers  of  masonrj',  instead  of  through  aludels. 

Another  plan  which  is  practised  in  the  Palatinate  consists  ia 
mixing  the  sulphide  V\V\»  sAaVtA  \Kttfc,«B4.  <:na&QiidS.'a%  \\tc  •iwtil' 
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ition  in  cast-iron  furnaces  and  retorts.  The  mercurj'  is  conilensec! 
ill  receivers  pnrtly  filled  with  water,  wliilu  etilphidc  ofcalciutu  and 
mlphatc  of  lime  remain  behind  in  the  retiirt:  4  HgS  +  4CaO  = 
4  IIg  +  _j  CnS  +  CjiO,SOj.  Iron  rdingx  also  ilccom|)Os(;  dnntibnr 
*hcu  heated  with  it,  sulphide  of  iron  being  formed  while  nu-rcury 
19  iiltenitcd.  Experience  has  t^hown  that  unless  the  ore  contain  at 
)cast  eli  of  its  weight  of  the  metal,  or  3*8  lb.  |K-r  ton,  it  is  too  jtoor 
to  be  ndrantagcously  worked  by  the  methods  at  present  in  use. 

PurificaiioH. — If  the  ore  contuin  any  lulniixtnre  of  xinc  and 
t)ismut!i,  small  portions  of  these  metals  are  liable  to  be  distilled 
orcr  with  the  mercury.  In  thi«  case  a  film  forms  upon  the  aur> 
face  of  tlic  fluid  metal  when  it  is  agitated  in  contact  with  air. 
The  purity  of  the  product  '»  easily  seen  by  the  absence  of  this 
film,  and  hy  the  perfect  mobility  and  sphericity  of  the  globules, 
[which  do  not  wet  the  surface  of  nuu-metaUic  objecta.  Violctta 
!fiud«  that  the  distillation  of  mercury  on  the  large  scale  is  much 
lacililatcd  by  transmitting  a  current  of  superheated  steam  at 
sbout  700°  ihrongb  the  retort  in  which  the  distillation  is  being 
cffdclcd.  A  small  quantity  of  mercury  may  be  speedily  puritied 
l>y  placing  it  in  a  bottle,  with  a  little  finely  [wwdercd  loaf-sugar; 
the  mercury  should  not  occupy  more  than  duo  fourtli  of  the 
capacity  of  the  bottle;  tlie  bottle  in  then  clo.-'ed,  and  briskly  agi- 
jtxtoi]  for  a  few  minutes  i  after  which  the  stopper  is  withdrawn,  and 
p«8h  air  is  blown  into  the  bottle  with  a  |iair  of  bellows,  and  the 
■gitation  is  repeated;  this  is  done  three  or  four  time*,  and  the 
inerctuy  Li  then  poured  into  a  cone  of  smooth  writing  paper,  ia 
tbe  apex  of  which  a  pin  hole  is  made;  the  metal  nurs  through, 
wd   leaves   the  powdered  i^ugar  mixed  with   the  osides  of  the 

Fgn  metals,  and  a  considerable  quantity  of  finely  divided 
!ury. 
Generally  speaking,  the  mercury,  imported  into  this  couutry  x* 
almost  cbcmtcatly  pure.  Any  foreign  metaU  which  may  be  present 
)n  it  may  be  removed  by  digesting  it  for  some  days  with  diluted 
nitric  acid  in  the  cold :  the  mercury  should  bit  placed  iu  a  shallow 
diab,  to  as  to  e-xpose  a  large  surface  to  the  acid,  and  it  vliould  be 
frequently  agitated ;  the  acid  exertfl  but  little  action  on  the  mer- 
cury so  long  a*  any  more  onidizable  metals  are  present.  A 
•olution  of  nitrate  of  mercury  may  lie  substituted  for  the  nitric 
scid  with  advantage;  in  this  case  the  mercury  is  deposited  from 
the  solution  and  takes  tbe  place  of  the  other  metals,  which  arc 
dissolTcd. 

(;j2}  Properliet. — Mercury  powiesse*  a  lustre  resembling  that 
of  pohMhcd  nilvcT.     It  i$  the  only  mclal  xUaA  \%  ?wi\4,  »x  "aOTssw**. 
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tcmpCTuturcs.  It  frocxc!)  at  — 39°  F.,  and  contracts  ounadvnbly 
at  tho  moment  of  onngeUtion,  when  it  ciTataUties  in  oetofaedn,  of 
sp.  gr.  about  14;  in  this  state  it  w  moJIcubtc.  \VhGii  Iientcd  to 
661°  it  boil!),  and  forms  an  inmible,  Iranaparent  vapoar,  of  sp. 
gr.  6*976.  TI1C  metal,  at  nil  tcmpcrnttirw  above  40*,  nndcrgocs 
slight  »pontaii(!fliis  evaporation.  Its  specilie  grarit}'  at  60"  ii 
13'54.  'When  pure,  it  is  not  tarnished  by  expoeun:  to  air  and 
moiMure  at  ordinary  t«mperaturefl,  but  if  heated  to  about  700**  or 
800"  it  abftorbis  oxygen,  and  is  grmhtnlly  converted  into  the  rod 
osiile.  Mercury  enters  into  com  hi  nation  with  eliloriue,  bromine, 
and  with  many  of  the  metals  at  ordinary  tomperntnrcs.  It  alw 
unitcfl  with  sulphur  and  with  iodine  ivithout  the  atd  of  heat,  if  tri- 
turiitvd  with  them.  Hydrochloric  acid  is  without  action  upon  the 
metal,  either  when  cold  or  hot.  Hydriodic  aeid  and  aulphurctted 
hydrogen  are  dccom])OM-d  slowly  by  it,  with  evolution  of  hydrogen. 
Concentrated  aiiljihuric  add  in  the  cold  produoCH  no  diangr,  bnl 
when  heated  with  it  is  decomposed ;  sulphurous  aeid  being  ewJvod, 
whilf  the  nieccury  ift  oxidixed  ami  conihini^^  with  a  portion  of 
uudeconiposcd  acid.  Strong  nitric  acid  dissolves  it  with  rapidity, 
extricating  dentoxide  of  nitrogen  in  abundance,  while  uitnite  of 
mercury  is  formed.  If  the  acid  bo  dilute,  and  the  metal  in  exceai, 
the  meroiry  is  dixsolvcd  slowly,  and  at  ordinary  tem|x;raturce  the 
nitrate  nf  the  saboildc  is  the  result.  Mcrcutr  may  be  obtained 
in  a  state  of  oxlrc-me  divi»ion,  by  precipitating  a  solution  of  corro- 
sive sublimate,  by  means  of  tho  solution  of  protochloride  of  tin  ; 
the  chloride  of  tin,  if  added  in  »ufl)cient  quantity,  absorbs  all 
the  chlorine,  and  a  grey  metallic  pow<ler  aubaides ;  HgCI  -t-  SnCl— 
Hg  +  SnClj. 

(/«■*. — Mercury  is  employed  estcnsively  in  the  extraction  of  gold 
and  *ilvcr  from  their  orC!<,  by  the  processes  of  amulgamatiou ;  great 
quantities  are  annually  sent  to  South  America  for  this  pnq>o»e.  Its 
amalgams  are  Inrgi-ly  employed  in  the  processes  of  silvcriug  and 
gilding.  Mercury  also  combines  readily  with  lead,  copper,  biHrnntli, 
tin,  and  xiiic,  fttrming  amalgams  which  are  cosily  dissolved  by  an  ex- 
cess of  iitercury.  Joule  i^uceeeded  in  many  caiws  in  obtaining  definite 
Lcompoundsof  various  metals  with  mercury,  by  subjecting  tbeir  semi- 
solid  amalgams  to  hydraulic  pressure,  amouuling  to  the  cnormont 
extent  of  60  tons  upon  the  equare  inch  :  with  platinum  and  with 
silver,  i  atom  of  each  of  these  metal»  were  iniit«d  with  2  ntoms 
of  mercury.  With  cupper  and  with  iron,  the  amalgams  contained 
1  atom  of  each  ract.1I :  with  zinc  and  with  lead  the  amalgam  in  each 
case  contHined  i  atom  of  mercury  with  2  atoms  of  the  other  metals, 
while  the  amalgam  of  tin  «w8  tc:^(«.Msa\»A\vj  W»  VKTO.>i\».%tt_\'Sv 
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Mcrtnirj'  is  kIbo  used  iu  thv  prcparfttion  of  vermilioa,  which  is 
highly  mltiKl  as  a  pigment,  for  the  (iiirity  and  pc nil ii  notice  of  its 
tint.  It  is  indispensable  in  the  construction  of  phitoeophical 
irtfttniraenla ;  and  it  ia  well  known  in  various  forms  a»  nn  invslunblc 
medicine.  It  cxcrti  a  powerful  action  upon  the  animat  economy, 
prodncing  salivation,  and  scriouiily  impairing  tiit  heitlth  of  the 
workmen  exposed  to  its  vapours,  ginng  rise  to  a  remarkable 
tremutoas  niKtc,  known  as  merairial  palttf,  cniist^uciit  upon  a 
peculiar  form  of  nervous  debility.  By  trituration  with  saccharine 
or  oleaginnuH  HuUitanoes,  it  admits  of  being  minntely  subdi\'icle(l, 
and  a  small  ]>ortion  of  it  t)ecomes  oxidized,  to  which  the  active 
properlicw  of  bine  pill  appear  to  be  owing:  the  same  remark 
applies  to  the  mcreurial  ointment,  and  the  pulvia  hyttrargyri 
cum  eretd. 

(773)  Oxides  op  MEBcuRr. — Mercury  forms  two  oxides,  the 
hhi^  suboxide,  Hg^O,  and  the  red  oxide,  HgO :  both  of  them  form 
salts  with  acids. 

SttlnKridf  of  Mfrmry  ;  Mermroiia  Oritle  {!IgjO=  108  ;  Sp.  Gr. 
jo'68). — This  oxide,  though  a  powerful  saline  base,  is  very  unstalde 
wfaea  isotntcd.  It  is  best  procured  by  triturating  finely  levjj^ted 
calomel  with  a  solution  of  potash  or  of  soda,  and  washing  the 
blade  precipitate  thus  obtained  with  eoKl  wat«r.  It  must  be 
allowed  to  dry  spontaneously  in  a  dark  place;  even  nhen  ilry, 
mcro  exposure  to  light,  or  a  very  gentle  heat,  is  sufficient  to  coa- 
itrl  it  into  red  oxide  and  the  metal. 

(774)  ^l^c  Oxide,  Mercuric  Oxide,  or  lied  Oxide  of  Mercury 
(HgO=  loH  ;  Bp.  Gr.  1 1'lf)). — This  oxide  may  be  obtained  in  red 
sales  by  heating  metallic  mercury  to  700°  or  800°  in  a  matrass : 

l^t  this  process  i.'*  very  slow,  and  not  prodHCtire  :  it  is  more  con- 
veniently prepared  by  the  decomposition  of  the  nitrate  by  heat,  and 
it  then  has  a  bright  orange  colour.  It  may  also  be  thrown  down 
in  the  form  of  a  yellow  powder,  when  potash  or  soda  is  added  to  a 
solution  of  curnwive  Mihlimale,  or  of  nitrate  of  mercury.  The 
precipitated  oxide  does  not  differ  iu  compoitition  from  the  red 
erystalliicd  form,  but  it  enters  more  readily  into  combination ;  « 
cold  SMilntion  of  oxalic  acid  is  without  action  on  the  crystallised 
oxide,  but  it  converts  the  predpitated  oxide  into  oxalate,  and  the 
yellow  oxide  when  boiled  with  a  solution  of  corrosive  sublimate,  is 
qnickly  converted  into  the  oxjchloride;  but  this  change  i«  very 
slow  with  the  crystallized  variety.  The  yellow  oxide,  when  boiled 
with  bichromate  of  potash,  yields  a  aubchromale  of  aiercury, 
3HgO,CrOg;  but  the  crystallized  oxide  wh.eu  wwivVwtVq  Vxc'sSh^., 
fidda  submit  with  a  larger  excess  ot  base,  ;v\\^0,C'cV>^^"Nwk^- 
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In  short,  tlic  crrstallizcd  oxide  obuini'd  b;  tbc  direct  oxidation 
of  mcrcun'  aiul  llie  precipitated  oiide  appear  to  be  in  diflerent 
itllotropic  conditions. 

Tlie  red  uxitli!  when  keatetl  1>ecomcs  nearly  black,  but  recovers 
it»  colour  on  cooling ;  when  cspoecd  to  a  temperature  of  iguitioa, 
it  i&  decuinpofted  into  metidlic  mercury  and  oxygen  gas:  uiriDgto 
the  volatility  of  the  metal,  this  oxide  may  Eomctimea  be  Uftdblly 
emjdoyed  m  an  oxidising  ngetit  in  »ome  analytical  opcrattous. 
loo  paru  of  the  red  oxide  of  mercury  contain  93'39  of  the  metal 
and  ;'4i  parts  of  oxygen.  This  oxide  is  slightly  ^luble  innatcri 
the  »>lutioi)  has  an  acrid  ta^tc,  and  turus  syrup  of  violets  peea. 
It  furmtivFith  bar^r'ta  a  tioluhle  comjionnd.  \Vith  umniouiait  pn>- 
ducea  a  yellow isU- white  insoluble  compound  (Ug^U^NO,)  p»- 
•cs»cd  of  strong  bavic  powers ;  it  enters  into  combiiiatioa  with 
acids,  and  forms  well-defined  salts. 

(775J  Thcbe«t  method  of  preparing  this  remarkable  baMOOO- 
BiBts  in  pouring  a  solution  of  ammonia  upon  yelloir  precipitated 
oxide  of  mercury  in  a  bottle  which  lulmits  of  being  closed,  to  pre- 
vent the  access  of  carbonic  acid  from  tlie  air;  the  colour  of  ths 
oxide  becomes  piiler,  ond  eventually  a  yellowish-white  unorpliotu 
powder  is  obtained,  which,  when  washed  and  dried  in  a  dark  place, 
over  quicklime,  forms  a  hydrate  of  the  new  basc^  containing 
(Hg,H,NO,„  <^  HO).  This  compound  was  discovered  l>y  Fourcrojr 
and  Thi^nard,  but  it  was  first  minutely  examined  by  Millon  {Ahm.  ii 
Chimie,  III.,  xviii.  593).  In  its  isolated  condition,  it  is  very  ■»■ 
stable  :  mere  exposure  to  the  light  decomposes  it.  When  trita- 
rated  in  a  mortar,  it  produces  a  series  of  small  detonations.  If 
dried  in  vacuo  over  sulphuric  acid,  it  loses  two  cquivalenta  of 
irater  ;  and  between  21 3°  and  a66°,  a  third  equivalent  of  water  i* 
cxpcltod  :  it  tlifu  becomes  dark  brown,  and  is  permanent  iu  tbe 
air,  containing  (U^JJ^NOJ.  (Chemists  are  not  agreed  a»  to 
the  probable  arrangement  of  the  elements  in  this  base.  It  n- 
semhleit  some  of  the  cobnit  bases  into  the  composition  of  which 
the  elements  of  ammonia  cuter.  It  may  provisionally  be  described 
under  the  name  of  iturcuramine,  aud  contains  the  cicmcats  c( 
bydratcd  oxide  oi  tHrhydrargammaaiiim  (llg^NO-f^HO). 

Merciiramine  is  a  powerful  base;  iu  hydrate  (Ilg,U,N0j,3  HO) 
absorbs  carbonic  acid  from  the  air  almost  aa  ra^ly  as  slaked  lime. 
It  is  insoluble  in  water  and  iu  ateuhol,  but  it  decomposes  solutioui 
of  the  salts  of  ammonia  and  combines  with  the  acid.  Defmile 
salU  with  sulpharic,  nitric,  oxalic,  carbonic,  bydroehlorie,  and  n- 
noii$  other  acids  have  been  formed.  On  tlie  addition  of  soda  or 
^taisJi  ta  the  solutions  of  t\\Gw  «^U,  ^^%  \i^&\«9j:.  vJL  'OaK\MM> 
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precipitated.  The  formula  of  the  Rwlpliate  i«  (Hg^HjNOJ  0,S0, ; 
that  of  the  chloride  (Ur^H^NO^)  CI ;  tlic  latter  ealt  may  be  ob- 
tained as  a  yellow  jirecipitate,  by  adding  a  •olution  of  corrosive 
sablimate  to  a  solution  of  ammonia  in  cxcesa,  and  washing  the 
precipitate  with  boiling  water  (781). 

{776)  SttLFHiDEs  or  MEBCuny.— The  two  sulphides  of  naer- 
coiy,  HgjS,  and  HgS,  correspond  in  composition  to  the  oxides 
and  chlorides  of  the  metsl. 

Suhtulphittf  of  yfercunj  (llgjS  =  2i6),  is  scarcely  more  stable 
than  the  suboxide  of  tbe  metal ;  it  is  |)rocured  by  transmitting  a 
cnrrcnt  of  sulphiirclted  hydrogen  thrimgli  a  solution  of  a  mercurial 
subsalt,  or  by  triturating  )6  parts  of  moistened  sulphur  with  200 
of  mercury  ;  it  forms  a  black  powder,  which  wan  formerly  termed 
Ethiof^g  mineral.  It  is  decomposed  by  nitric  acid;  and  if  the 
dry  sulphide  he  sublimed,  it  is  converted  into  cinnabar  and  metal- 
lic mercury. 

(777)  Sulp/iiile  of  Mercury,  or  Cinnabar  (IIgS=ii6;  Sp.  Gr, 
qfvapovr,  5'5i  ;  of  ttolid,  8'3 ;  Vomh.  Vat.  3). — This  compound 
contttitules  the  moist  abundant  ore  of  mercury.  It  occurs  some- 
times crystallized  in  hcxahedral  prisms,  but  more  usually  as  a 
fibroiiH  or  ttmor|)hous  mass,  and  is  a  product  of  considerable  im- 
portance in  the  arts,  forming  the  pigment  kuonu  under  the  name  of 
vrrmilion.  Some  portions  of  the  native  cinnabar  arc  of  a  sufficiently 
delicate  colour  lo  Ite  employed  after  mere  levigation  ;  but  it  is 
osually  prepared  artificially.  In  Holland,  this  manufacture  is 
carried  on  to  a  considerable  extent.  The  process  adopted  consists 
in  triturating  sulphur  with  about  6  times  its  wdght  of  mer- 
cury, aiding  the  action  by  a  gentle  heat,  llie  black  mass  thus 
procnred  is  thrawti  (in  snecessive  portions,  to  prevent  too  rapid  an 
action)  into  tall  earthen  pots,  the  lower  parts  of  which  have  been 
previously  brought  to  a  red  beat ;  the  aperture  at  top  is  closed 
with  an  iron  plate,  and  in  about  ^2  hour*  after  the  introduction 
of  the  whole  charge,  the  sublimation  is  complete  :  when  cold,  the 
pot«  are  broken,  and  the  cinimbiir,  which  is  found  deposited  in 
layers  upon  the  upper  part,  is  carefully  removed ;  the  cinnabar  is 
levigated  with  water,  and  the  fine  pow<lcr  thus  obtained  is  sold  as 
vermilion  ;  an  cucess  of  sulphur  is  to  be  avoided,  as  it  impairs  the 
brilliancy  of  the  colour.  Cinnabar  sublimes  before  undergoing 
fusion,  and  forma  a  yellowish-brown  vapour.  Vermilion  may  alwo 
he  procured  in  the  wet  way,  hut  the  process  is  tedious,  and  less 
certain.  The  Chinese  vermilion  is  supposed  by  some  chemists  to 
be  prepared  by  the  humid  process.  In  order  to  ^iroducc  vctmiUo^ 
bf  this  meiuia,  Bruuner  recommeuds  th«  metcwv^  \»  ^«i  wAi^psiyA 


to  the  action  of  a  polysHlphid 
the  following  manner: — loo  pi 
for  3  or  3  hours,  with  38  part 
time,  aj  parts  of  caustic  potaa 
added.  Tlie  mixture  is  maint 
ture  of  from  1 1 3°  to  1 10°,  at  ( 
colour  gratiuaily  chaugea  to  sei 
desired  tint,  it  is  thoroughly  wi 
he  too  long  continued,  the  tin 
hue  ia  restored  by  boiling  it  ' 
contain  86-21  of  mercury,  and 

Sulphide  of  mercury  ia  thi 
transmitting  aulphuretled  hydt 
salts  of  mercury:  when  drie 
which  air  is  eiLcluded,  it  ossun: 
licated  in  the  open  air,  the  sulj 
ia  liberated.  It  is  upon  this  cbr 
of  exti-acting  the  metal  is  foi 
without  action  upon  it,  but  it 
regia.  The  alkalies  in  solutio 
ignitetl  with  it  in  the  dry  sti 
alkaline  metal  are  formed,  and  i 
4(KO,HO)  =  4  Hg  +  KO,SO,+ 
if  heated  with  metals  tvhich, like 
ful  atfiuity  for  sulphur.  Sul] 
perty  of  uniting  with  other  me! 
a  solution  of  sulphide  of  potas 
tratc,  the  chloride,  the  iodide,  a 
ing  peculiar  compounds,  whic 
small  proportion  of  iulpbureti 
these  salts,  and  cause  the  firf 
sioned  in  thcra  by  the  gaa  to  1 

(778)  Chlorides  OF  Mekc 
a  subchloride,  ligjCl,  well  kno' 
commonly  distiuguished  as  coi 

Hubcliloride  of  Merairt/,  3 
S/i.  Gr.  ofvnpour,  8'35;  ufaolid. 
by  precipitating  the  subnitrate 
of  common  salt;  but  it  is  moi 
13  parts  of  mercury  are  tritura 
until  no  metallic  globules  ar 
previoualy  moistened  with  wat 
particles  from  being  diffused  tl 
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ublimad  in  suitable  vessels,  aiid  the  calomel  is  dqioxiti^d  tui  a 

•ctni-traosparcut  fibrous  civke.     lu  tinit  operution  the  additional 

mercwry  combioes  with  half  the  clilorine  of  the  cbluridc  ;  HgCl  + 

lIg=Ug,Cl.     Soa>clim«!«   thu  vapours  nrc  sent  into  a  capaduus 

cluunber;  the  deposit   tlieu  afisunics  the  form  of  n  fine  powder. 

Tbe  bait  mu^  also  hcobtAiucd  by  the  decomposition  of  ^uljihaleuf 

mercury  with  chloride  of  Bodinra.     For  this  purpoM;  the  London 

pbarinacopociA  direet«  2  lb.  of  nicrcdry  to  be  converted  iuto  sulphate 

by  boiling  it  to  diyaess  with  5  lb.  of  aulphuric  acid  ;   the  rcsidac 

lis  then  to  be  intimutely  mixed  with  3  lb,  more  of  mercury,  and 

;  flubocqucotly  triturated  with   1  {  lb.  of  chloride  of  sodium,  after 

I  which  it  is  to  be  sublimed.     The  sulphate  of  red  oxide  of  mercury 

I  which  is  first  obtained  is  converted  into  sulphate  of  the  suboxide 

Ity  the  addition  of  the  socond  portion  of  mercury,  and  this  in  ita 

turn  is  doeompoaed  iuto  calomel  and  sulphate  of  soda  when  heated 

with  chloride  of  sodium  ; — 

HgO,SO,+Hg=Hg,0,SO,;  and 
Hg„0,SO,  +  NaCl  =NaO,SOj  +  Ug,Cl. 

Ctlomel  may  also  bo  prepared  hy  forming  a  saturated  soliitiou  of 
lOorTosiTe  aubliniatu  iu  water  at  IJ0°,  and  transmitting  sulphurous 
'acid  into  tbe  hot  licjnid;    calomel  ia  tbca  prceipitati^d  in  miuute 

Ciystala,  whilst  sulphuric  and  hydrochloric  acids  arc  liberated: — 

j  3HgCI  +  »H0  +  S0.  =  Hg,Cl  +  HCl  +  H0,S0j. 

When  prepared  by  sublimation  calomel  requires  careful  wusihing 
and  levigatiuu,  because  portions  of  the  undecomposed  chloride 
alwaj'a  sublime  with  the  calomel,  aud  tiiey  can  only  be  removed 
by  repeated  wasliing.  It  was  formerly  supposed  that  the  medleai 
character  of  calomel  wan  rendered  milder  by  repeated  »ubliiiiutions. 
This,  however,  has  been  found  to  be  a  serious  mistake,  for  every 
time  that  calomel  is  sublimed,  u  small  portion  of  it  in  reconverted 
into  corrosive  sublimate  and  metallic  mercury.  100  parts  of 
calomel  ooutaiu  84'yJ  of  mt^rcury  aud  15-08  of  chlorine. 

Properliet. — Calomel  sublimes  in  quadrilstci-al  prisms  termi- 
nated by  four>uded  pyramids;  when  powdered  it  isuf  n  ycllowish- 
whitc  colour.     It   he^ns  to  sublime  below  redness,   aud  before 

.  undergoing;  fusion.  Calomel  is  tasteless  and  insoluble  in  water  ; 
the  alkidics  decompose  it.  Soda  and  potash  set  fi-ce  tbe  suboxide. 
Lime-water  lias  a  similar  cRect,  and  when  mixed  with  a  small  pro- 
portion of  calomel  it  funtisltes  what  is  kuown  as  black  wash.    Solu- 

)  tion  of  ammonia  forms  with  cidomcl  a  black  compound,  Ciousiiitiii% 
ofJlgfllgyCJ:  thiachioge  is  cxpltuucd  iu  ttvc  »>i\iyi\iia«i, w:i^\wi.'. 
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2Hg,CI+2H,N=Hg«H,NCl  +  H,NCl.  Tliis  black  compound 
may  be  regarded  aa  muriate  of  ammonia  iu  wbioh  two  doable 
atoms  of  mercury  have  taken  the  plove  of  tiro  atoms  of  hydro- 
s'^" (I]g})iHjN(H.  AmmCHiiacal  gas  is  absorbed  by  calumcl  ai 
ordinary  temperatures,  and  a  compound  containing  (HgjCl.HjN) 
18  formed.  Sulphuric  a<rid  is  without  action  on  calomel;  boiling 
nitric  acid  dissolrcs  it,  and  form*  corrosive  sublimate  and  tutrxte 
of  mercury ;  a  solution  of  cldonne  conrcrta  it  alowly  into  conio- 
sive  Miblimatv;  if  boiled  for  a  long  time  witb  hydrochloric  acid  or 
cliloridr  of  sodium,  it  ia  resolved  into  corrosive  sublimate  and 
metjillic  mercury  :  the  same  effect  is  produced,  but  more  rapidly, 
by  )>oiUng  it  in  a  solution  of  ul  ammoniac. 

{77y)  Chloride  (formerly  Bichloride)  of  Mercury ;  Mervmc 
Chhride  or  C&rroiive  Sublimale  {HgCl=  135-5;  Sp.  Gr.  t^  to- 
pour,  98 ;  of  lolid,  fiuaj). — When  ht-atud  mercury  is  placed  is 
an  atmosphere  of  chlorine  it  iguiteH  from  the  rapid  union  of  the 
t^us  nith  the  metal,  and  the  cbloridc  is  formed.  It  i»  prepared  00 
the  large  scale  by  mixing  intimately  2k  parts  of  sulphate  of  mer- 
cury witb  I  part  of  common  salt,  and  subliming  the  mistarc  a 
glass  ves&elN  at  a  carefully  regulated  heat :  sulphate  of  soda  r»- 
mains  in  the  vessel,  and  the  chloride  sublimes,  as  represented  in 
the  equation;  HgO,SO,  +  NaCl  =  NaO,SO,+  HgCL  The  fumes aie 
t^xtremcly  acrid  and  poisonous.  100  parts  of  this  ealt  contain  73*8 
of  mercury  and  36-2  of  chlorine. 

Corrosive  sublimate  fuses  at  509"  and  boils  at  563° ;  ita  va- 
pours are  condensed  in  snow-white  crystalline  needles,  or  in  octo- 
liedra  witb  a  rectangular  base.  As  sold  in  the  shops,  it  occurs  in 
iruiixpiirent  colourless  masses,  which  have  a  crt'stalline  fracture 
It  has  an  acrid  burning  taste,  and  disgusting  metallic  flavour.  It 
i-t  soluble  ill  16  parts  of  cold  water,  aiul  in  less  tlian  3  of  boiling 
water :  on  oooliug  it  ia  de]x»ited  fi^>m  a  concentrated  mlutiou  in 
transjarcnt  anhydrous  quadrilateral  prisms.  Its  solution  reddens 
litmus ;  this  aqueous  solution,  by  long  exposure  to  light,  is  gndually 
decotnpoKed,  and  calumcl  is  deposited.  Alcohol  when  cold  dissolves 
nearly  one  third  of  its  weight  of  the  salt,  and  its  own  weight  when 
^^  lioiling  ;  ether  also  dissolves  it  freely.  If  an  at(ucous  M>Iution  of 
^H  corrosive  sublimate  he  agitated  with  ether,  almost  the  whole  of  tb« 
^H  salt  will  be  abstracted  by  it  from  the  water,  and  the  ethereal  win- 
^H  rion  will  rise  to  the  surface.  It  is  ver}'  soluble  iu  solutions  of  the 
^H  alkaline  cliloridcs,  with  which  it  enters  into  combination,  forming 
^^  double  salts,  With  cblondc  of  potassium  it  forms  three  distinct 
I  crj-sMllizablc compounds,  ICCl,^HgCl-V4Aq;  KCl,jHgCl  +  3Aq! 

I and  KCljIIgCl  +  Aq.     T\\c^  ««  c*a\\^  Y''^**^"^  &a»i\N\o^ -Ai* 
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salts  in  the  proper  proportioim,  ami  rtllowing  them  to  crjstallize. 
With  chloride  of  sodium  ouly  one  such  compouud  is  formed, 
NaCI,  2  UgCl  +  3  Aq.  A  unit  of  unmonia  vfith  3  equivalents  of 
»al  ammoniac  (3  II,NCI,Hg(H  +  Aq}  has  long  been  known  as  lal 
alcmbroth  :  it  ery»talli)ics  in  flattened  rhomboidnl  tables. 

Similar  compounda  having  a  composition  analof^oua  to  that  of 
the  sodium  salt  may  be  formed  with  most  of  the  soluble  chloride*. 
Chlorides  of  calcium  and  magnesium  form  more  than  one  com- 
pound. A  slmiiar  but  nnhydrous  »aU,  HCl,  3  HgCl,  is  formed  by 
diKsoking  corrosive  sublimate  in  hot  hydrochloric  acid,  from  which 
it  crystallize*  on  cooling;  it  i»,  however,  decomposed  by  waUrr, 

Chloride  of  mercury  combines  with  the  sulphide,  and  forms 
with  it  a  white  imiolublc  gelatinous  compound,  consisting  of 
3  IIgS,IIgCl  J  it  is  the  white  precipitate  wliieh  is  always  formed  at 
first,  on  pawling  a  current  of  sulphuretted  hydrogen  through  a  bo- 
lutioii  of  corrosive  sublimate. 

Corrooive  sublimate  is  decomposed  by  the  fixed  alkalies  and 
alkaline  earths ;  a  chloride  of  the  alkaline  metal  is  formed,  and  oxide 
of  mercury  is  set  free.  When  ammonia  is  added  to  a  solution  of 
corrosive  sublimate,  it  sepanites  only  half  the  chlorine,  uniting  with 
the  remainder  to  form  the  coniponiid  called  white  precipitate. 
Chloride  of  mercury  acts  pnwerAilly  on  the  albuminous  tissues,  and 
combines  with  them;  it  is  a  violent  and  acrid  poison.  The  best 
antidote  in  cases  of  poisoning  with  this  aubatance  is  the  immediate 
exhibition  of  the  white*  of  several  raw  eggs,  as  it  coagulates  the 
albumen,  and  forms  with  it  a  sparingly  soluble  compound.  It  waa 
tuppoMrd  that  the  chloride  was  converted  into  calomel,  but  this 
does  not  apjiear  to  he  the  cose.  Owing  to  this  action  of  the 
chloride  upon  albumen,  corrosive  sTiblimatc  is  a  powerful  antiseptic  j 
a  solution  of  tluN  salt  is  hence  ol^eu  employed  to  preaerve  anato- 
mical preparations :  wood,  cordage,  and  canvas,  if  soaked  in  a  solu- 
tion of  the  Milt  coutaining  1  part  of  it  in  60  or  80  parts  of  water 
become  much  less  liable  to  decay  when  exposed  to  the  combined 
action  of  air  and  moisture. 

(780)  Ort/cAloridea. — Corrosive  sublimate  combines  with  oxide 
of  mercury  iu  sevcrRl  proportious.  One  of  these  is  obtained  in 
the  form  of  dark  brown  insoluble  flakes,  (3  HgO.HgCl),  when  the 
chloride  i»  boiled  with  red  oxide  of  mercury ;  thcw  compounds  are 
decomposed  by  the  alkalies,  .\nother,  2  HgO,TlgCl,  is  obtained 
iu  blacki-^h  «cales  by  acting  with  a  solution  of  chlorine  on  red  oxide 
of  mercury  (Thaulow).  The  oxychlorides  of  mercury  are  interest- 
ing, &om  the  observations  of  Milton  upon  them,  whtcli  «x.v\  \a 
jiraie  thu  persistence  of  the   allotropic  mot\\Vvca,UQix  Sa  »■  ^Wl^■^ 


OSYCHLOEtUEa   OF    MtkCURY. 

after  it  ha>  entered  into  oombiii&tion.     Ahk,  He  Chimie,  III.,  xviU, 
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The  tlirce  oxjclilorido  dcMcrilH-^]  by  Milloo  cwtwtt  of  (l  HgO, 
HgC!),  (3  HgO.IIgCl),  and  (4  HgO.lIgCl).  Tbey  may  all  be 
produced  by  the  nctton  of  bicu-booau-  of  potuh  upon  a  nolutiou  of 
corrosifc  sublinialc.  The  first  iDsy  be  obtained  iu  three  diflcrent 
immcric  (.-ondittons,  the  second  in  two,  and  the  third  in  three.  Tbe 
action  of  the  carboiiateB  of  the  alkalies  upon  solutions  of  corroBTe 
RuhliTnatc  i*  peculiar.  The  addition  of  a  solution  of  sublimate  U) 
a  solution  of  \mre.  normaJ  carhouatc  of  soda  or  potash  ia  attended 
with  the  pivcipitution  of  yellow  oxid^:  of  mercnry.  If  the  nMaoirial 
solution  b(-  added  to  a  solution  of  an  alkaline  bicarbonaitf,  a  red 
oxychloridi;  i»  formed  ;  and  if  even  u  iiniiill  (]UAnlity  of  iMcailwaaie 
of  tfac  alkali  l>e  mixed  irith  a  large  projiortion  of  normal  alkaline 
carbonate,  thie  rod  precipitate  is  produced  at  first.  Tliia  icactkm 
may  xcrve  Ui  indicate  the  difivreiice  between  carbouatea  and  bicar- 
bonatcs  in  solution.  If  a  cold  saturated  solution  of  htearbouate  of 
potash  be  added  gradually  to  8  or  10  times  ita  volume  of  a  oold 
saturated  solution  of  sublimate,  a  light  granular  amorphous  preci- 
pitate of  a  bright  brick-red  colour  is  formed  {%  HgO,HgCI).  U 
the  volume  of  the  8olution  of  aubtimatc  be  only  3  or  4  limes  aagrett 
as  that  of  the  bieurlHtniite,  »  precipitate  of  tunkilar  compusitiou  ii 
formed,  but  it  is  dense,  crystalline,  and  red,  purple,  or  violet,  ia 
colour.  Both  these  moditieatious,  whev  decnmpoaed  by  potaib, 
yield  the  yellow  oxide  of  mercury,  but  if  i  volume  of  Uio  ac^utioo 
of  bicurlwnate  he  added  to  3  volumcx  of  the  aulutioii  of  sublimate, 
stirring  briskly,  a  jet  black  crystalline  precipitate  is  formed,  whtch 
also  consists  of  -2  HgO,ilgCl,  but  which  yields  the  rtd  cryttaJlim 
oxide  when  decomposed  by  potash. 

If  equal  vuluDics  of  tbe  soluttoas  bo  mixed,  goJdCQ-yidlow 
plates,  which  gradually  become  brown  or  yeUowisli,  are  depoaited, 
(HgCI,3  IlgO).  The  same  body  may  also  h«  obtained  in  tbe 
amorphous  form. 

Tlic  quadribasic  oxycbloridc  (4  HgO,IIgCl)  may  be  obtained 
by  adding  a  solution  of  corrouve  sublimate  to  a  large  excess  of  the 
solution  of  Uic  bicarbonate.  Carbonic  acid  gradually  escapes,  and 
brown  crystalline  crusts  are  deposited  :  caustic  iiotaali  causes  tho 
separation  of  the  red  oxide  of  mercury  from  this  compound.  ITiis 
oxychloridc  may  also  be  obtained  in  the  form  of  a  hrowit  amorphous 
deposit,  and  iu  goldcn-ycUow  plates;  both  these  varieties  yield  the 
4I01B  oxide  when  decomposed  by  potash.  'i1ie  first  two  uxychlo- 
arc  cniiYcrtcd  by  boitinig  them  with  water  into  the  <)uadri< 
n'c  form,  which  ia  de{ioa\lc^  faom  vX\t  w&«.'wmv'\o.  ig^t^-a.'j'^jvM 
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scales.  Other  osychloridcs  iritli  5,  aad  with  6  atomi  of  oxide  of 
mcrcary  arc (lejtcrihei!  bv  Iloudicr  [Ann.  dn  CAimie,  III.  xivii,  ^53). 
(781)  Action  0/  Ammonia  on  Chloride  of  Mercury. — When  a 
solation  of  corrosive  sublimate  is  added  to  a  solutiou  of  ammonia 
iti  exL'ww,  ouo  half  of  the  chlorine  only  is  nunovcd  from  the  salt, 
and  a  white  jtreciptlale  in  fonuetl,  which,  wh«u  i«a»]ied  uith  cold 
nattr,  is  oomplc-tvlj-  soluble  in  uiiric  and  in  hydrochloric  B*'id,  aud 
irhich  therefore  can  contain  no  calomel;  3  HgCi-f  3  ]I;,Nss 
{Hg,HjN,CI)  +  II^NCl.  Kane  con*idcra  tlii*  whiu;  precipitate  as 
a  compound  of  chloride  with  amide  of  mercury,  HgCl,HgH,N ; 
but  it  may  also  be  regarded  as  chloride  of  ammonium,  iu  which 
3  eqiiivali-iits  of  hydrogen  are  dis|da(!ed  by  i  eciuivulnits  of  mer- 
cury (Ugjl  I  jN ,('!),  If  ammonia  be  added  drop  bv  drop  to  a 
iioluCion  of  corrosive  sublimate,  which  \*  purjxiKcly  mnintaiiK^  io 
considerable  excess,  the  precipitate  consists  of  (Hg,IIjN,Cy  ;  thia 
formula  woidd  be  that  of  chloride  of  mercuramiDc,  in  which  the 
place  of  each  atom  of  the  oxygen  contained  in  the  base  is  supplied 
by  an  equivalent  amount  of  chlorine. 

White  precipitate  tias  been  made  the  subject  of  numerous  ex- 
periments. If  it  be  heated  to  about  600°,  ammonia  and  the  am> 
mouiated  chloride  of  mercury  are  expelled ;  aiid  n  red  erj'stalline 
powder  remains,  represented  by  iJic  formula,  (a  nKCl,lIg,N) ;  for 
6  (H.Hg,.N,Cl)  =5  H,N  +  (H,N,  2  HgCl)  +  a  (a  HgCI,Hg,N).  Tb« 
red  powder  is  insoluble  iu  water  aud  in  dilute  acids,  but  it  is 
dissolved  and  dccoin{>u«ed  by  either  boiling  hydrochloric  acid  or 
oil  of  vitriol.  By  raising  the  temperature  still  further  it  is  dc- 
ooroposed  into  nitn^en,  inetnllic  mercury  and  calomel.  It  is  in- 
teresting,  as  it  appears  ta  contain  ammonia  in  which  the  3  atoms 
of  bydrogcu  are  displitced  by  3  of  mercury. 

When  white  precipitate  is  boiled  in  water  it  is  decomposed,  and 
the  heavy  inwlublc  canary-yellow  chloride  of  merourumiue  is 
formed,  whilst  chloride  of  amraonium  is  formed  in  the  solution  t 
1  {IIg,H,N"Cl)  +  2  HO  =  (Hg,n,NO„Cl)  +  H.NCl.  Tlii«  yellow 
j)0«dcr  is  dutsolvod  easily  by  <liluted  nitric  or  hydrochloric  acid. 

If  a  solutiou  of  corrosive  sublimate  be  addtxl  gnulualljr  to  a 
boiling  »oluliou  of  sal  ammoniac  aud  free  ammonia  so  long  as  the 
precipitate  is  redissolve*)  by  agitation,  a  oomjMund  crysulliscs  in 
rhombohedra  on  cooling ;  aud  the  same  substance  is  procured  on 
boiling  ordinary  white  precipitate  in  a  solution  of  sal  ammoniac. 
ThtH  conipi>und  fuses  and  un<lergoes  decom[>ositiou  at  a  tempera- 
ture of  J73'';  boiling  water  extracts  a  largo  proportion  of  sal  ammo- 
niac from  it,  and  leaves  the  oanary-yellow  powder  above  tleactrvbed.. 
It  i*  fKcif  folabic  111  acidsj  eveu  tu  acotic  ucvd.     Kauffb  voaS'jva 
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of  this  compound  would  nlloir  of  its  being  represented  by  tli* 
fonnula  lIgHjN,CI.  It  i&  oometimes  called  futible  w/tiit  pre- 
cipitate. 

Wlien  corrosiTe  subliinatc  i»  expooed  to  a  current  of  dry  am- 
moiiincal  gas,  it  fust-*  with  extrication  of  hot ;  a  equivalent*  of  the 
salt  absorb  i  rquivalmt  of  ammonia,  producing  HjX,  2  HgCl. 
This  compound  may  be  sublimed  without  change,  but  it  ift  dwocu- 
poaed  by  vrater :  it  is  a  true  ammoniated  chloride  of  mercury. 

The  following  arc  the  conipoun<l«  which  are  produced  hy  Ibe 
combined  action  of  ammonia  iiud  Iieat  upon  corrosive  sublimate : — 


3  HgCl,Hg,jr. 

(iiK.n,No,)Ci. 

(Hg,H,NClj  CI. 

UglI,^■cl. 


(i]  White  precipitate  .  .  . 
(2)  Bed  cry»taUinc  compound  . 
(j)  Chloride  of  mercurnmine  . 
(4)  Tcrfhioridc  of  mercuriiminc 
(5}  Fusible  white  precipitate    . 

(6)  Atnnioniutcd  chloride  of  mercury  3  HgCI,HjN. 
Bcaides  tlic  double  saltH,  of  which  one  i» — 

(7)  Sal  akmbroth 3  H,NCl.HgCl+Aq. 

(8)  And  another  is U.NCl,  a  UgCl. 

These  remarkable  compounds  derive  intcrwt  from  their  con- 
nexion with  the  llicuricit  winch  have  been  proposed  respecting  (he 
nature  of  ammonia,  the  consideration  of  which  will  he  rcsunxd 
when  the  alkaloids  or  organic  bancs  arc  examined. 

Two  Bhomides,  analogous  to  the  chlorides  of  mcrcurj'  maybe 
formed  ;  they  yield  corresponding  double  «alt.i ;  both  of  them  »»» 
be  sublimed  without  experiencing  decomposition.  The  subbromule 
is  white  and  insoluble.     The  bromide  is  cryntiillinaWe  and  solublt 

(782)  loDiDBS  OP  MeRCURY. — Mercury  forms  three  iodides:* 
green  suhiodide,  IIg,T ;  a  red  iodide,  Ilgl ;  and  an  intermediate 
iodide  (IlgjI.Hgl}  of  a  yellow  colour,  obtained  by  prccipitatbg 
Bubnitnite  of  mercury  by  means  of  iodide  of  potaasium  containing 
iodine  in  solution. 

The  gu/iiodiiie  (Hgjl=327)   is  a  green   powder  insoluble  a 
vatcr,  which  is  easily  decomposed  by  exposure  to  light  into  mcr 
cury  and  the  red  iodide;  the  same  change  Is  effected  by  ht^tiugit 
gently  with  sobitions  of  the  aoluble  iodides  or  chlorides,  or  with 
Itydriodic  or  hydrochloric  acid.     If  heated  suddenly  it  fuac«  ani' 
may  be  sublimed  without  dcconiposition ;  but  if  the  tem 
be  raited  gradually,   it  is   decomposed  into  the  red  iodid 
metallic  mcrciuy.     It  is  e^uily  fomieil  by  triturating  5  parts 
iodine  with  8  of  mercury,  TOowttrnva^  the  misturc  with  a  li 
aJcohoI ;  or  it  may  \je  ^teciYi^JiA'A  tens.  ;*  »Jw!w«i  t:^  w-\-^  <& 
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salts  of  the  Baboside  of  mercary,  by  adding  to  them  a  solution  of 
iodidv  of  potsMium. 

Iodide  of  Merevrt/  [lXgI  =  a27;  Sp.  Gr.  of  solid,  6- ly,  of  vapour, 
1568). — Thi»  beautiful  compound  may  be  obtained  by  triturating 
5  parts  of  iodine  witlt  4  of  mercury,  and  subliming  tlie  mixture  ; 
but  it  is  procured  moat  eiisilv  by  precipitating  a  Molutiou  of  cor- 
roaive  sublimsto  by  means  of  a  solution  of  iodide  of  potaHnliim  : 
the  precipitate  is  sobibic  in  an  excce«  of  either  wilt.  The  precipi- 
tate is  at  first  salmon  coloured,  but  it  speedily  becomes  courerled 
into  a  brilliant  «yirlet  crystalline  deposit.  It  fuses  at  about  400", 
aud  yieldsavapour  of  extraordinary  density:  as  it  cools  it  is  deposited 
in  yellow  rhouibic  table* ;  this  yellow  colour  is  cbaiiged  to  red  by 
mere  agitation,  or  by  scratchiog  the  crystals.  Wariugton  has  sliowa 
that  this  change  of  colour  depentis  npoti  a  change  in  ttie  molecular 
constitution  of  tbe  salt,  in  consequence  of  which  the  rlioni!>uiilal 
crystals  arc  converted  into  octohedra  with  a  square  base.  Iodide  of 
niereury  ia  nearly  insoluble  in  water,  but  it  is  takcu  up  freely  by 
alcohol.  With  the  soluble  electro-positive  iodides  it  forms  crys- 
talline  double  salt^,  and  it  Is  dissolved  easily  by  solntiouti  of  clilo* 
rides  of  the  mctnU  of  the  alkalies,  but  it  does  not  form  crystal- 
lizablc  comjiounds  with  these  chlorides.  A  fusible  double  chloride 
and  iodide  of  mercury  (Hgl.HgCI),  may  be  formed  ;  and  a  soluble 
crystal  I  izable  eompound  (llgl,  2  HgCI),  may  be  obtained  by  saturat- 
ing a  boibng  solution  of  corrosive  sublimate  with  the  red  iodide  of 
mercury,  and  allowing  it  to  crystallize.  By  adding  a  mi:^l.ure  of 
potatili  and  ammonia  to  a  eolution  of  iodide  of  mercury  in  one  of 

»  iodide  of  potaMium,  a  brown  powder  is  deposited,  to  which  Nessler 
M«igtis  the  formula  Hg,NI  +  2  HO.  Iodide  of  mercury  also  forms 
definite  compounds  with  the  oxide,  and  with  the  sulphide  of  the 
metal. 

{783)  Nitride  of  Mercury. — Plant&mour  states,  that  by  trans- 
mitting a  current  of  dry  nmmoniacal  gas  over  the  yellow  oxide  of 
mercury  precipitated  from  its  salts  by  an  alkali,  and  well  dried  at 
a  temperature  not  exceeding  300°,  water  is  formed  and  volatilized, 
whilst  an  anbydruiis  [Kiwdcr  of  a  llea-brown  colour  is  produced. 
It  detonates  powerfully  wlieu  heated,  or  xtruck  :  the  acids  decom- 
pose it,  forming  salLt  of  ammonia  aud  mercury.  Itit  probable 
composition  is  Hg^N,  a«  inferred  from  the  mode  of  preparing  it ; 
3HsO  +  H,N=Hg,N  +  3HO. 

(784)  Sulphate  of  Mercury ;  Mercuric  Sulphate  (HgO.SO,= 
148;  S/».  Or,  4666). — When  2  parts  of  mercury  arc  lieatecl  gently 
witb  3  of  oil  of  vitriol,  sulphurous  acid  is  evolved,  and  HuhKulifbu.tQ. 
oS  tnercurjr  ia  procured;   but  if  the  beat  be  ioctCMCii,  ua^ ^\'<.  Si&- 
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tillation  be  carried  to  dryacn,  iht  milpliitc  n  foniied  ;  Bnlphnroat 
acid  txiiiig  extncatnl,  whilst  tlie  mercury  takes  oxygen  fiytm  the 
suipliurieacid;  Ilg+a  (IIO,SOJ  =  HbO,S03  +  SOj  +  2  HO.  It  t« 
a  white  cry&ulliiie  |)0*T<]cr,  wliidi  i»  soluble  in  a  mliition  of  com* 
moa  salt,  but  is  dnvinpoecd  bv  pure  water  into  an  insoluble  vcltov 
Mihtiiilt,  called  lurprlh  minera/,  3  HgO.SO^,  wnA  a  wolnhle  anpcmlt, 
which  crvstallizes  in  deliquescent  needles;  the  yellow  sabwlt  it 
formed  more  rapidly  if  the  Hulphato  be  wsKhed  with  bwling  water. 
The  normal  aolphate,  when  treated  with  an  excess  of  ammonia, 
yields  tulphalv  of  mcrciiraminc.  Tlie  normal  i>ulphi«te  unites  with 
sulphate  of  ammonia,  and  forms  a  cryatallieable  double  salt. 

{785)  Nitrates  or  Mebcvht. — Mercury  fiirms  a  larger  num- 
ber of  nitrates  than  any  other  metal.  The  conditions  of  tempc- 
raturc,  anJ  dilution  of  arid  necevsarr  to  ensure  the  production  of 
each  compound,  often  vary  in  each  case  but  little,  and  their  accu- 
rate analy»its  is  attended  with  some  difficulty.  Pilfcrmt  chemists 
Tsry  womewliat  in  their  statements  of  the  resalts  which  titer  ob- 
tained. Tlic  normal snbnitrate,  or  mrrcvroM  nitrate  (Hs,0,>rOj+ 
3  Aq)  is  obtftineif  by  digesting  metallic  mercury  in  an  excCM  of 
nitric  acid  diluted  with  4  or  5  times  its  bulk  of  water :  it  erpbH' 
lizes  in  short  tr.tn?<(i;irenl  somewhat  efilorr-irent  prism*  (or  in 
rhombic  plates ;  (rerliardt)  ;  water  decomjwstjs  it  into  a  yellow 
insoluble  dihasic  salt  (3  Hg;0,lSOt+HO)  and  a  soluble  acid  one. 
A  soluble  subnitratc,  which  is  often  mistaken  for  the  normal  salt, 
crystalliEes  in  large  transparent  colourlcm  prisms  (4  HgjO,3K0j 
+  MO),  and  is  obtained  by  digesting  an  excess  of  mercury  in 
diluted  nitric  nciJ.  I)c  Mnrignnc  findu  that  l>y  boiling  the  mother- 
liquors  of  the  preceding  salts  upon  an  excess  of  mercury  for  several 
hours,  doubly  oblique,  rhombic,  culourlns  prisms  arc  deposited,  to 
which  he  afdi^us  the  formula,  5  Hg.jO,  3  N0„  2  IK).  Other  sub- 
nitrates  also  appear  to  cjiitt.  ThcKc  various  basic  nitmtcs  may  be 
distinguished  from  the  normal  salt  by  triturating  them  with  cblo- 
ridc  of  sodium,  when  they  Ix-comc  grey,  owing  to  the  separation 
of  suboxide  of  mercury,  while  calomel  is  formed ;  but  tlic  normal 
salt  remains  white. 

A  normal  nitrate  0/  the  red  oride,  2  (HgOjNO,)  +  IIO.  h 
slowly  formed  in  voluminous  crystals,  by  dissolving  the  rod  oxide 
of  mercury  in  an  excess  of  nitric  acid,  <uid  evaporating  the  liquid 
until  it  assumes  a  syrupy  consistence.  Anotlier  nitrate  (a  IlgO, 
NOj  +  HO)  is  de|jo»ited  in  adculnr  crystals  from  a  boiling  solu- 
tion of  mercury  in  etoess  of  nitric  acid ;  but  it  is  obtnim^  with 
ffealer  certainty  by  satwratm?;  nitric  acid,  of  sp.  gr.  i'4,  diluted 
tith  an  equal  bulk  of  ■waVw,  ■«\0i  ftic  wA  ctkA*  <*  TOKxraM^.  ^^I». 
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H  liutli  throe  sails  arc  derompowd  when  diluted  freely 
^pnil  a  white  inK)l»lilt'  Imiiic  nitriiU;  (^i  HgO.XO;  +  HO) 
Rat«ft :  hy  lotig-onnliiiued  washing  with  hot  water,  the 
the  nitric  mnA  i<i  renior«d  from  this  baste  Mtit,  and  o\id« 
rj>  ift  left.  Solutions  of  (he  uitrates  of  the  red  oxide 
when  digMt«il  ii[H>ii  au  excts>»  of  tlie  metal,  arc  converUid 
ites  of  tite  auboxido. 


I  OniRACTeRaor  toe  Silts  of  ^rERcraT. — Moat  of  the 
jiercury  arc  coloiirtc$«,  hut  some  of  the  basic  salts  of  tito 
!  are  jelloir.  The  folloniug  chamctera  are  comtnnn  to 
of  botii  osidt.19.  The  soluble  compounds  have  an  acrid, 
,  metallic  taste :  in  large  dnr»a  thev  act  tut  irritant  iMiaoiia. 
Sntpouiuls  of  mercury  arc  rolatilizod  bj'lirat.  If  a  small 
of  aiijr  of  tile  dry  saltH  of  this  Riirtal  be  placet!  at  ttie 
fa  tulx:  of  tlic  dinutrtcrof  a  quill,  and  be  covered  to  the 
ui  iuch  with  a  lajer  of  dried  varlMinntii  of  soda  or  of 
]creury  may  )>c  obtained  in  the  Ibrm  of  a  sublimate  of 
lubiilci,  hy  heating  the  upiH.'r  part  of  tlie  layer  of  the  ciir- 
I  redness,  and  slowly  driving  the  vapour  of  the  merourial 
3  over  il. 

proscuce  of  mcrcary,  when  in  solution,  may  be  detected 
g  a  small  atfip  of  tine,  roimd  which  a  thin  »li]>  of  gold 
isted,  in  a  portion  of  the  liquid  to  bo  tested.     Tlio  roer- 

bc  dc|>o*'itc(l  by  t-oltiitc  action  in  the  form  of  a  white 
«  the  gold.  This  stain  will  disappear  o»  heatiug  the 
Kdoew.  Tlie  sojts  of  mcrcnry,  whether  wliihle  or  in- 
tra all  reduced  to  the  metallic  state  when  heated  with 
n  of  protoehioriete  oj  Hm.  A  strip  of  metallic  cofptr 
ooatod  with  a  whito  amalgam,  if  rubbed  with  a  solution 
%  mercury.  Thi:i  teat  may  be  employed  for  detecting  tlte 
of  tucrcury  in  solution  if  applied  by  the  method  of  Reinech 
ic  (709),  a  Kubliiiiitt*!  nf  mercury  in  distinct  globules  beiog 
by  beating  the  coated  &lip  in  a  small  tube. 
^alt*  of  the  nubaxlde  of  merctuy  are  obameterized,  when  in 
^  yirliliri°:  with  solutions  of  potiuh,  of  toda,  or  of  lime, 
|Bl»)>iratc  of  ■ubuxide  of  mercury.  Animoaia  also  pves  ■ 
Mripitate.  Ferfoeyanide  of  potaaaitim  girca  a  white  pro* 
Jpth  n^Avrethit  fiifdrogen  niul  hijtiromlpkate of  ammonia 
Jfk  sulphide  of  mercury.  Ilt/drot-bloric  acid  and  solu- 
he  dthridfM  cniwe  a  white  precipitate  of  calomel,  which  '» 

'    ■  -ont-entrated  nitric  acid,  and  in  chlorine  water ;  it  is 
.lie  addition  of  au  exccu  of  ammonia,     foetid*  of 


1 
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jM/oMmn  gives  a  green  subiodide  of  mercarj ;  and  cknmatt  «f 
potash  a  bright  red  subcbromatc  of  tlic  metal. 

3. — Salts  of  the  red  oa-ide,  when  in  M^lutton,  yield  with  Hiia.- 
tiona  of  potash,  of  swia,  and  of  lime,  a  bright  yellow  precipitate  of 
oxide  of  ntcrcury  ;  with  aetmonia,  a  white  precipitate ;  with  normal 
carbonate  (ffpetasA,  a  yellow  prtvipitiite  of  osidc ;  with  bicarlionaU 
of  potash,  a  red  precipitate  of  oxychloride  of  mercury  ('8oJ. 
Ifyitrorvlphale  of  ammonia  gives  a  black  precipitate;  and  nri* 
phuretted  hydrogen,  a  dirty  white  precipitate,  which  pH>i.-<«M  throi^ 
red  into  black.  lodiile  of  potassium  prccipitateti  a  ealmou  colouted 
iodide  of  mercury,  which  quickly  becomes  of  a  Imlliaiit  scarlet: 
this  jtrecipitatc  is  »olublc  io  excess  both  of  iodide  of  potasaiuni, 
and  of  corrosive  sublimate.  HyiiroeMoric  acid  ami  sultitioos  of 
the  chioridts  give  no  precipitate  with  the  salts  of  the  red  oxide  of 
mercury.  Ferroct/anide  of  polaaaima  gives  a  white  precipitate^ 
which  gradually  becomes  blue,  "hilc  cyanide  of  mercury  is  formed 
iu  tJie  solution. 

(787)  Estimation  (ff  Merettry. — Mercury  is  usually  estimated 
ill  the  iiietiUlic  form.  If  the  noUiliou  contain  neitlier  lead  nor 
silver,  metallic  mercury  may  be  precipitated  by  the  addition  of 
prolochloride  of  tin,  acidulated  with  hydrochloric  acid  :  the  metal 
must  be  collected  ou  a  weighed  filter,  aud  dried  t«  rociw  mtt 
sulphuric  acid.  • 

When  the  compound  is  in  the  solid  form,  MiUou  reoommendl 
tlie  following  plan  for  effecting  tlie  dccoiu)iuiiition  of  the  comhiDs- 
tions  of  mercury  aud  for  collecting  the  metal : — A  hard  glass  lub^ 
ij  or  16  inches  long,  such  as  is  used  iu  the  analysis  of  oi^anic 

!Fio.  337. 
componnds,  is  drawn  out  in  the  manner  represented  in  fig.  337, 
ind  at  u  a  sniull  bulb  is  formed  for  the  reception  of  the  mercuiy ; 
plug  of  asljcbtoa  is  v^accAsX  b-,  V\tfi\.\ft«\»>^uoB.'4as&.«»^» 
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nvmniiU  nf  riuicklimc,  nnd  the  mercurial  compouiul  iu 

Jtv  v:trvin};  from  15  to  50  grtiiua  »  mtroduccd  betne<;iic  and 

the  tube  in  filled  up  iritb  frngiiicnts  of  limo.     If  nitric  add 

L-nt  in  tbu  c;om]M>iiml,  mdallic  copper  muat  be  kubititutcd 

iiklime.     Tlic  extremity,  e,  is  couucctcd  with  an  apparatus, 

bich  ituppties  a  steail^  current  uf  pure  dry  bydrogeu, — tl»e  tube 

ed  in  n  ahoct-iruu  furnace,  /,  while  the  reccircr,  a,  pro. 

the  rarrmcv,   and   i»   kqil  coul.     As   hoou   w  the 

tin  ik  fillt-d  with  gas,  lighted  cbarooal  is  applied  to  the  fint 

the  tube betvreeti  b  nud  c, nnd  nhen  it  is  ot  k full  red  heat, 

uhnrcoal  is  very  gradually  added   until  the  whole  length 

tnbc  is  red  hot ;   thv  luc-rcury  collects  in  o,  and  the  water, 

first  condensed,  ia  gradually  removed  by  the  current  of 

AVIten  tbe  operation  is  over,  the  narrow  portion  of 

beti*cL-n  a  and  6   is  cut  with  a  61c,  and  the  detached 

a,  with  it«  contents,  is  weighed;  the  raercury  i«  eniptictl, 

>  clcnn»cd  with   nitric  acid    aud  water,  theu   dried,  and 

a  second  time ;  the  diScrcncc  gives  the  wciglit  of  the 

intTcury, 


1 


^  IJ.  SiiTEB  (Ag=ioS}.     Sp.  Gr.  10"53. 

r88}  Silver  has  been  known  from  the  earliest  ages,  and  luu 
been  prized  for  its  rarity,  beauty,  aud  its  brilliant  lustre, 
ft  white  colour  with  a  tinge  of  red;  in  hardnes*  it  is  inter- 
between  copper  aud  gold,  and  it  is  endowed  with  cou« 
bio  ti^iiacity ;  it  may  be  hammered  into  very  thin  leave*,  and 
of  l)eing  drawn  into  very  fine  wire.     By  repeated  beatings, 
r,  tliis   metal  assumes  ft  cryntallino  texture,  and  it  then 
•  brittle.     It  crystallizes  in  ibrms  bidungiug  to  the  r^olar 
Silver  fuses  at  1X7,}°  ¥■,  and  on  coolinj;  espaods  forcibly 
moment  of  solidifioatioa.     It  is  not  sensibly  rolatilised  if 
in  cluscd  vcmcIk,  but  a  silver  wire  is  dispersed  in  greenish 
in»  when  a  very  powerful  electrical  discharge  is  sent  through 
heated  before  tlie  oxyhydrogen  jet  ou  lime  (833J  it  may 
it  to  biii).  nnd  give  olT  vapours  which  become  oxidized  in  the 
of  gas  if  it  euiitiiiiu'  an  excess  of  oxygen.     Silver  is  on 
it  cotiduetor  both  of  heat  and  cicetricity,  and  is  not  inferior 
'  respects  to  niiy  knowu  substance.    Silver  is  not  oxidiicd  hj 
an  at  any  tciu|>eniture  either  in  a  dry  or  a  moist  atmosphere, 
■liver,  liowever,  when  melted,  absorln  oxygen  mcclianically, 
'tout  amounting,  it  in  said,  to  22  times  the   hulk  of  the 
the  gM  is  given  off  at  the  moment  of  tolidificatioa :  if 

I  s 


8  mass  of  molted  sitvcr  be  nllowed  to  cool  snddcnl^,  the  twter 
cnist  becomes  KoIidiRcd,  mid  when  the  interior  |)ortioa  aasamei 
the  solid  condition  it  ruptures  the  crust ;  Bmsll  tubes  or  glotnilci 
of  uivltcd  metal  arc  then  forcibly  expelled  by  the  escaijiiug  oxygen, 
aided  by  the  audden  expansion  which  the  silver  undergoea  in  the 
act  of  »oIidilication.  Thi«  [ilieiiotuenun,  nhich )» termed  the *pitliwf 
of  the  globule,  is  entirely  prevented  by  the  preseuce  of  t  or  3  per 
cent,  of  copper.  Silver  combines  donly  with  chlorine,  with  bromitu, 
and  with  iodine :  if  fused  with  phospborus  the  two  bodies  enter 
into  com  hi  nation.  Silrer  baa  a  powerful  affinity  for  sulphur;  br 
long  ex|)osure  to  the  air  the  metal  l>ecoine8  miperScially  blackeoed 
or  tarnisbcd,  from  the  formation  of  a  thiji  film  of  Hulphidc  upon 
iti(  surface,  owing  to  the  decomposing  action  of  Uie  metal  upon 
the  small  portion  of  sulphuretted  hydrogen  which  is  coostaDtly 
floating  in  the  air,  o-in-eiiiUy  of  lai^c  town*.  Tliift  taniiab  it 
readily  removed  by  means  of  a.  solution  of  cyanide  of  potasaiinn. 

The  be»t  solvent  fur  silver  in  nitric  acid,  which,  if  diluted  with 
an  equal  bulk  of  water,  acts  upon  the  metal  with  great  noleiKf, 
di*«olving  it  rapidly  and  cvolring  bino^idcof  nitrogen,  wbilc  nitnte 
nf  dilTcr  is  formed.  Hydrochloric  scid  acta  but  slichtly  upon  it. 
Aqua  regia  attacks  it  more  rapidly.  Diluted  faydriodie  ncid  attaclu 
it  irith  evolution  of  hydrogen.  Dolling  oil  of  vitriol  oxidizes  it 
with  evolution  of  sulphurous  acid.  If  common  salt  be  fused  in  s 
silver  dish,  or  if  it  be  moistened  and  left  in  contact  vicb  ailrer,  it 
gradually  corrodes  it;  »oda  being  formed  by  the  abM)rptioi)  of 
oxygen  from  the  air,  while  the  lihfiiileil  cliloriiie  attacks  tlie 
silver.  Neither  the  alkalies  nor  their  nitrates  escrt  any  consider- 
able action  upon  it,  whelhtT  in  solution  or  when  fused  by  best, 
ajid  hence  crucibles  for  the  fusion  of  refractory  minerals  villi 
^  caustic  potash  are  commonly  made  of  this  metal, 
^f  The  value  of  silver  as  a  medinm  of  exchange  has  caused  it  Ut 

r  he  adopted  as  sneh  by  all  cirilizL-d  nations  from  the  c«rlieiit  ages  of 

I  the  world.     When  alloyed   with  certain  proportions  of  cop^ierit 

I  is  uaerl  for  the  current  coin  of  the  realm,  and  for  the  variDiu 

I  articles  of  plate.     From  its  superior  power  of  rellwtiug  light,  it 

^_        forms  the  best  surface  for  the  reflectors  employed  iu  lighthoasn 

^H  (7*^9)  Erlraethn  n/ Silver  front  Us  Orw.— -Silver  is  freqnendf 

^H  met  with  in  the  native  state ;  cither  pure,  when  it  occurs  in  fibrout 

^H  roasses,  or  crystallized  in  cubes  or  octohedni,  or  sometimes  com- 

W  hined  with  gold,  mercury,  or  antimony:  generally,  however,  it  is 

I  found  in  combination  with  sulphur,  mixed  with  sulphide«  of  L-ail, 

I  antimony,  copper,  anA  "vtou.    TVi^s  it;\u>;i»  vi^  "Vwa  v&^'%^<«9»wt. 
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the  most  estensire  source*  of  silver.     In  Europe,  those  of  Kutign- 

bcrg  ill  Norway,  and  of  Schnceberg  aod  TrpjlMtrg  iii  SiDtony,  are 

oelelnutetl :    Uiere  are  alifo  numcrotu  oilier  luiacs  from   which 

smaller  quautitics  arc  obtained.     The  ores  of  silver  occur  usually 

among  the  priiiiitivc  rock.-i,  frequL-iitly  in  citlcarvous  veins,  trarei-sing 

either  gneiss,  or  slaty  and  micaceous  deposits.     Sulphide  of  lead 

is  nearly  alivays  acconipauiod  by  »inall  quantities  of  ^ulphiilt;  of 

silver,  and   a  con^iiderahle  (juantity  of  silver  ix  e\trricted  during 

the  refining  of  lead  by  Puttin«on's  process,  as  well  as  by  cnpellattou. 

At  Freyberg,  silver  is  for  the  most  part  obtained  from  the 

Jiulphiilc  by  the  mvtiioil  o{  amalgamation.     The  pIumbiferou-<  ores 

are  in  this  case  rejected,  as  they  are  not  adapted  to  this  method 

of  procccduig,  but  are  treated  in  the  manner  already  mentioned 

(753).     The  ores  are  usually  sorted,  so  tiiat  they  shall  contain 

about  o-a4  parts  of  silver  in   loo,  or  about  80  ounces  per  ton  of 

ore,  and  not  more  than  i  per  cent,  of  copper ;  the  proportion  of 

iron  pyrites  is  not  allovfcd  to  exceed,  or  greatly  to  fall  short  of 

35  per  cent.     The  metalliferous  mass,  jiftcr  being  reduced  to  a 

coarse  powder,  is  mixed  with  a  tenth  of  its  weight  of  common  salt, 

and  sifteil,  to  ensure  its  intiinute  iucurjioration  :  it  is  then  roasted, 

St  first  at  a  low  red  heat;  during  tliis  operation,  oare  is  taken  to 

keep  the  mixture  constantly  stirred,  in  order  as  far  as  possible  to 

jirevent  it  from  concreting  into  lumps.     Meantime  amctiic  and 

antimony  are  expelled  in  denize  white  fuincM  of  arvcnious  acid  and 

oxide  of  antimony,  and  the   snlphidcs   of  the  other  metaU  are 

pftrtially  oxidizer) :  tlie  lilver  obtains  chlorino  from  the  salt,  the 

todtum  of  which  unites  with  oxygen  and  sulphur,  ehloride  of  ^Iver 

and  sulphate  of  soda  being  formed;  the  copper  and  the  iron  arc 

changed  jiartly   into  sulphates,  partly  into  clUorides,  and  partly 

iiito  oxides,  as  the  equations  subjoined  will  show : — 

AgS  +  XaCl  +  O, = AgCl  +  NaO.SOj ; 

CnS  +  0,=CuO,SOj; 

2C«S  +  3NaC!  +  8  0  =  C(i,CI+Cl  +  2(N«0,SO,)! 

3FeSj+3NaCl  +  i4  0=l-'c,Cls  +  3(NaO,SOj,)  +  SO.. 

During  the  early  stages  of  this  opcraliou,  fumes  of  sulphurous 
acid  are  giren  off  abundantly,  and  the  roasting  is  continued  until 
these  have  in  great  measure  given  place  to  those  of  chlorine  nud 
perchloride  of  iron,  A  charge  of  ^-,  ewt.  rccjuires  6  hours'  roasting. 
The  ixMutted  ma»«  i^  now  raked  out  of  the  furnace,  and  allowed  to 
cool  1  it  is  next  sifted  in  order  to  separate  the  Iump!«,  which  are 
powderc<i  and  agitin  submitted  to  the  same  operation.  Mv^uV  t^n, 
fier  cent,  of  the  silrcr  is  tlius  converted  into  cVXonie  aX.  ^t  SNtA 

I  I  "i     ■ 
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roaming.  The  portions  wbicli  have  passed  through  the  mere  we 
ground  to  powder,  nnd  paKMd  through  «  Iwlting  sieve  to  ptocnra 
a  very  fine  meal.  The  powder  is  next  placed,  with  from  a  thirf 
to  half  its  treij^ht  of  watvr,  in  large  casks,  which  are  charged  with 
half  a  toil  of  the  ore.  These  casks  arc  caused  to  revolve  iipoa 
horiEoutal  axes,  about  lo  timnt  per  minute;  i  cwt.  of  acr^ 
wroiiglit  iron  i»  tlien  introduced  into  each  cask,  and  ui^cr  tlic  lapn 
of  an  hour,  5  cwt.  of  mvrcurj'  is  added,  nUcr  which  the  cabks  an 
again  mnde  to  n^volve  for  about  zc  hours ;  during  tlii?  opcratjona 
sliglit  rise  of  temperature  is  observed.  The  powder  whvu  placed 
in  the  rafks  consists  priueipaUy  of  chloride  of  silver  mixed  wilib 
large  quantities  of  sulphate  and  dicliloride  of  copper,  aiid  of  tlis 
sesquivhloride  of  iron,  with  a  variable  proportiou  of  the  oxides  of 
the  two  latter  metals.  The  object  of  agitating  the  mixture  with 
the  iron  before  adding  the  mercury,  is  to  nulucc  the  sescjuicbloride 
of  iron  to  protocbloride  in  the  first  instance ;  if  this  precautioft 
wcrv  not  taken,  tliv  mcrcur7  would  he  partially  converted  into 
calomel,  wliieli  would  not,  aubscqucutly  be  decomposed,  and  wooM 
thus  be  lost:  the  excess  of  iron  afterwani*  removes  the  chloriaa 
from  the  chloride  of  ailver  and  dichloride  of  copper,  and  the  sul' 
phuric  acid  from  the  copper. 

Fe  f  Fe,CI ,, = .^  FcCl ;     AgCI  +  Fe = FcO  +  Ag. 
Cu,,Cl  +  Fe=FeCi  +  iCu;     €uO,S0,+  Fe  =  FeO,SOj,  +  Cu. 

The  presence  of  the  mercury  favours  this  reaction,  by  establishing 
a  voltaic  current,  and  the  »ilver  and  copj>cr  tlinn  vet  at  liberty  auit« 
immediately  with  the  mercury,  forming  a  liquid  amalgam.  At 
the  cxpiiatiuii  of  18  or  30  huun  the  casks  arc  filled  up  with  wntcr^ 
and  arc  again  set  in  motion  for  a  couple  of  hours  to'  allow  tha 
jiiniilgiiiu  to  be  washed  out  of  the  spent  niatcrials;  itflcr  which  tlK 
fluid  amalgam  is  drawn  otf  into  sack^  of  ticking ;  these  sack»  form 
a  kind  of  rude  filter,  through  which  the  greater  part  of  the  mcrcuij 
run&  into  a  stone  trough,  leaving  behind  it  a  soft  solid  oont^ning 
fi'om  15  to  17  per  cent-  of  silver.  Ttivmuil  iu  the  ca^ks  is  again  sub- 
mitted to  washing ;  the  residual  amalgam  subwdes,  oiriog  to  its 
L  greater  density,  and  the  lighter  ]K>rlioua  arc  rejected.  The  fil- 
tered part  of  the  mercury,  wliioli  retains  a  small  qwintity  of 
silver,  is  used  again  for  the  amalgamation  of  a  fresh  por^^ 
of  ore.  nie  silver  in  the  uolid  ainulgara  ha*  now  to  be  sqa- 
rated  from  the  remaining  mercury;  for  this  purpose  it  is  placed 
in  trays,  supported  on  a  tripod,  c,  ftg.  358,  under  a  lai^c  dis> 
ij'Uatory  iron  hell,  n,  louwV  tW  w^V^^  V^^t  *>f  nhich  a  fire,  i, 
i»  iiglttcd ;  the  beU  and  Vta  ooo.\K»\a  «ift  'Oo»»  \jx«a;^\.  \«^  «.  -oi 
L_ . 
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heat,   by   niucb    mfun»   the   mtTCuiy  ih   drircn  off;    its   vapour 

di-vccDds,  and  is  coiidcosed  in  the  water  oootained  iu  the  vt-sscl,  n. 

The  operation  U  gcnt^ntUy  pcrfornM.tl  on  j 

cwt,   of  amal^nm  at  a  time,  and  occupies 

8  ho)ir».     Tiie  rcsiitual   spongy    mass   of 

taller  and  copper  ia  then  funed  and  cast 

into    ingots   vrhich   in    the    Saxoa    mines 

consist  usually  of  aliout  70  parts  of  pure 

nlvcr  and  a8  of  copper  per  cent.* 

(790)  American  Procesa  nf  Amalgamu- 
ihn. — 111  the  mining  districts  of  Mciico 
and  Chili,  where  fuel  i»  <.'X|m!umvc,  and 
where  ores  arc  often  worked  of  a  niueli 
poorer  deacription  than  in  Europe,  ihc  pro- 
oess  of  amajgamation  is  diiferent.     A  good 

deal  of  the  »ilvor  occum  in  the  native  state,  so  that  it  unites  directly 
with  the  mercury.  The  mineral  is  »t»nipc(l  and  ground  to  n  fine 
powder  in  mills,  then  fnoi«tencd  with  water,  and  mingled  with  from 
I  to  5  per  cent,  of  salt ;  the  milling  is  effected  hy  the  trampling  of 
bone»  during  6  or  8  hours.  The  ore  thu*  blended  with  the  salt  is 
allowed  to  remain  undisturbed  for  some  days,  after  which  au  addi- 
tion of  .ia^th  or  -ri-ifth  of  its  weight  of  what  is  tcchnicidly  termed 
moffUtrai,  ia  made.     This  snhstitiice  couaiats  of  roasted  copper 


'  An  improrcment  upon  this  process  )iiui  b^ea  introduced  by  AiigiiKtin, 
*ha  diapfiicn  with  lUc  use  of  mttvxirf  Blto{^;rt1ior.  Afivr  iho  ore  liiui  btren 
roaatcd  Gnt  b^  ilirtf.  and  asain  a  eocoad  time  vrith  fhloridi!  nf  lodiutn,  it  i* 
duiettMl  in  a  rO[i(reiilratt>J  sululion  of  common  snlt ; — siifIi  a  ■olutioii  ilisnolri'S 
thloride  of  siUer  ri'sJIly:  a  Uilute  solution  ordiioridi:  of  sudiuu  exerts  liltlo 
or  no  SoUmt  •^til^[l :  atnl  t1i<>  L-out^entrali-kl  liquid  wlicti  diluteit  <l(<j)nsils  tlic 
chloride  of  (ilver  whicli  it  lintl  ()reviously  diaxolied.  In  praoticp  it  i»  found 
better,  inntmd  of  diluting  the  iuiuid,  to  dismt  it  upon  metallic  copper;  the 
ufalofidc  of  silver  ii  divomposed.  chtorido  M  oopper  ia  fomiGiI  and  dimoivcd. 
whilitt  metallio  tilver  i>  precipitated.  'I'ho  pTMOncv  of  chloride  of  copper  in 
the  tolutioa  of  ihc  chloride  of  sodium  doeii  not  pKWOTit  the  hquid  from  b«iae 
employed  aKtin  fi>r  th«  e^tmction  of  chloride  of  liltcr  from  frwli  porlioos  of 
the  rmuledore. 

AnothfT  impiirtant  improremeut  in  the  operatiou  was  iiisile  bj  ZivrrogiO. 
Haa'rmil^tbc  prtipnrntiou  of  cbloride  of  silJer  eucireiy,  and  ninrch  riuMt*  the 
■ulpboioaa  ores  in  such  n  mnnnrr  tlist  the  nulphatcs  of  iron  nna  copper  uru 
oomplclcly  dccoinpojod.  whilil  the  Milplinl^  of  "ilTcr,  which  wilhslaiidn  a 
Bmeli  hiRlicr  Icmpcrntnro,  rcmaini  undncompascd  in  the  wins.  In  this  opera- 
tion llie  jiondiTed  crrei  i»  rousted  tdl  it  jtiire"  otF  no  odour  of  sulphurous  acid, 
and  vietos  no  si'iuiibl«ami>antof  sulphulc  of  copper  when  ihruun  red  bot  into 
Killer  :  boilinK  wstor  then  dissolves  otit  the  tuVpliati!  of  silver,  bat  the  (ixidea 
uf  eopper  oad  iron  rtmiain  undiisolved.  The  s^vcr  is  precipitiit«d  from  tbe 
liimid  lij  mama  of  coctnilic  copper  as  before.  A  smalt  qiisntil*  of  silver  is 
Blul  retained  in  the  UDdinfolvcd  residue,  from  which  il  may  he  iLavtuttai^<tu»\^ 
ejttraetcd  hy  the  nn-tbod  of  An^usliu.  Both  theae  'gt'KVMC*  \w4u  'Vj^^fu. 
patvate<t  uta  practUi'iJ  on  a  largv  scale  in  Enuland. 


no 
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pyrites,  an3  contait)<i  aljont  lo  per  cent,  of  «iilp)iatp  of  copper,  tlrt 
renuiimler  being  xtilpliute  of  iron  and  oilier  impurities  ;  mercury,  to 
the  extent  of  twice  tlie  quimtity  of  silver  that  the  ore  contUDs,  il 
then  n(HcJ,  the  mixture  lieing  cffccterl,  as  before,  by  the  tramplinu 
of  horses.  It  is  again  allowed  to  rest  for  i6  or  30  d»y«  :  daring 
this  period  o  eoneidcriiUv  portion  of  the  Kilrer  beeomcs  uniteil  wrtfc 
the  mercury,  forming  a  hard,  brilliant  amnlgaai,  and  at  the  sanw 
time  a  Uu^c  quantity  of  calomel  i<  formed.  Another  equal  qnw 
tity  of  mercury  ia  adde<),  and  a  Btill  longer  interval  of  rest  ia 
aHowwl;  then  a  third  do»c  of  merctiry  to  the  name  extent  follow*; 
by  thiit  laMt  aiiditton  a  fluid  amalgam  is  obtained,  which  is  sqa- 
rated  by  washiog,  filtered,  and  the  mercury  is  expelled  from  tli< 
silver  by  dbitillatioii.  The  (luantily  of  mercury  con:>timed  in  tlii( 
proecss  varies  from  130  to  1  jo  parts  for  each  100  parts  of  silver 
extracted,  great  irasle  being  incurred  owing  to  the  formation  of 
calomel,  which  is  not  recovered.  It  is  calculated  tliat  np  to  the 
clo»e  uf  the  last  century,  6  million  ewt.  of  mercury  had  thus  been 
lost  by  the  processes  adopted  in  the  American  miuc*  i"  the  coutm 
of  300  yeara.* 

The  theory  of  this  operation  is  rather  obscure.  The  siitphntc 
of  copper  of  the  magistral,  and  the  ehloritie  of  sodium  decompow 
each  other,  chloride  of  copper  and  sulphate  of  soda  bcii^  formaJ. 
Chloride  of  cop|K'r,  in  the  presence  of  metallic  silrer,  is  concerted 
into  dichloride  of  copper,  whilst  chloride  of  silver  is  produced  j 
aCuCI  +  Ag=CuXl  +  AgCI.  W lien  dichloride  of  copjier,  with 
excess  of  common  salt  and  water,  is  brought  into  contact  with  sol 
phideof  silver,  the  dichloride  of  copper  isdi»«>lved  by  the  M>liittoa 
of  chloride  of  sodium;  the  dicldoride  of  eop|>er,  when  iu  solution, 
decomposes  the  sulphide  of  silver,  and  is  converted  into  disnlphitlf, 
whilst  chloride  of  silver  i*  formed;  CXCI  + AgS=(:u,.S  + AgCU 
The  excess  of  s&lt  dissolves  the  chloride  of  silver,  and  the  additioa 
of  mercury  deeomitoNes  thitt  dit<su1ved  chloride ;  calomel  is  formed 
and  an  amalgam  of  silver  is  procured;  AgCI  +  l  Ilg  =  lI{;;jCl+A^ 
If  too  much  magistral  Iw  aildcil,  an  oxct-j<s  of  chloride  of  copptr 
(CuCI)  is  produced ;  this  state  of  the  mixture  U  easily  porcdveili 
as  iu  such  a  cjise  the  globiile*  of  mercury  in  the  mixture  a; 
be  too  minutely  divided ;  the  addition  of  limo  tJum  beoomea 


•  Dumus  propo«M  to  recover  thin  mMvury  by  trntinfttbu  •nMkccI  m>(Iiia-| 
with  a  qiLiuitity  of  chloride  of  hnic  or  uitmle  of  soda,  proportioned  to  tii*l 
uicrcury  ihcy  uuul^u,  ihi'ii  adding  byilrochloriu  iti'id  Ju  flight  vxcert ;  tiia  ( 
ml  omul  won]  i!  thus  be  ii>nrert(.-d  into  oarroeire  sublimstr.  Tbi»  i>  to  ba  I 
removed  by  methodical  «iu\»ng.  uaA  tlw  vMTcury  precipttst«^  by  copper. . 
Tha  iiotiilion  of  copper  vlnw  obvauwd «i**\A  iMmiuJa  W  xa»^d£««.\  w.vjinpi 
for  a  noK  operation  upou  f(ci-\i  oiv- 


LlflUATIOV^rrATINC   AKD  SILVK&IKO. 

»arj'  in  order  to  decompose  the  excess  of  the  chloride  of  copper, 
otherwise  ihis  salt  woiilil  rccouvert  the  silver  iuto  chlondo,  aud 
the  mercuiy  into  calomel. 

(791)  Separation  nj i^ilvir  from  Copper  by  IJquation. — It  occa- 
»ioiiull}r  hnppcus  that  a  copper  ore  contains  a  conaidcrable  amount 
of  ailrer,  wbicli,  under  curtaia  circumstances,  it  may  be  desirable 
to  cstraet  by  the  process  of  liquation.  For  this  purpose  the  cop- 
per, having  been  brought  tg  the  stage  of  blister  copper  (733),  is 
melted  witb  firom  3  to  4  times  its  weight  of  lead :  the  mixture  is 
caat  iuto  circular  ingot»  in  iron  moulds,  which  suddenly  cool  the 
alloy,  and  cause  it  to  solidify  before  the  copper  and  lead  have  time 
to  aeparatc  from  each  other.  The  proportiou  of  lead  should  not 
be  less  than  joo  times  th.it  of  the  silver  in  the  mass.  These  cakes 
arc  then  subjected  to  the  action  of  a  moderate  bent ;  the  lead, 
eombiued  with  nearly  all  tlio  silver,  and  a  small  proportion  of 
coppirr,  gradually  runs  from  the  mass,  leaving  a  spongy  residue, 
couBiAting  chiefly  of  copper,  but  Ktill  retaining;  a  nmiill  proportion  of 
lead.  The  argentiferous  lead  is  afterwards  subjected  to  the  pi-occ88 
of  cujiellation  (753),  whiUt  the  copi>er  from  which  it  has  beea 
separated  is  subjected  to  a  patient  roasting  in  order  to  oxidise 
the  remainder  of  the  lead,  aud  is  then  relined  much  in  the  usual 
manoer. 

(jyj)  Plating  and  Silvering. — 'Silver  is  frequently  employed 
to  give  a  coating  to  the  surface  of  lesa  csi>ensive  metals.  Goods 
40  prepared  arc  said  to  be  plaird,  if  the  prupurtion  of  silver  he  con- 
Mdcruble,  and  tiJctrred  if  it  be  small.  Plating  on  copjicr  in  clfectcd 
by  polishing  the  upper  surface  of  the  ingot  which  is  to  he  plated, 
and  then  placing  upon  it  a  bright  slip  of  silver,  the  sujierfieial  area 
of  which  is  a  little  smaller  than  that  of  the  copper  whieb  it  is  in- 
tended to  cover:  the  thickness  of  the  plate  of  silver  in  proportion 
to  that  of  the  copper  varies  with  the  value  of  the  goods.  The 
compound  ingot  is  then  cxi)osed  to  a  tcmpiTature  jiwi  below  the 
fuiiing  point  of  the  silver,  which  softens  at  its  surface.  By  ham- 
mering or  rolling  out  at  this  high  hwit,  the  two  metats  arc  nweatfd 
together,  iw  it  i»  termed,  and  become  inseparably  united.  No 
solder  is  used  tn  this  procesK,  but  a  small  portion  of  powdcrcil 
borax  i»  placed  muud  the  edge  of  the  silver  to  prevent  the  surface 
of  the  copper  from  becoming  oxidated.  The  ingot  is  then  rolled ' 
□ntil  it  is  reduced  to  the  rctiuircd  decree  of  tenuity. 

Plating  on  steel  is  effected  rather  difTercntly.     The  article  (a 
dessert  knife,  for  example),  having  been  finfl  brought  to  the  shape 
required,  is  tinned  nj»on  its  surface,  and  iVicn  a  %\\^  cl  «ist:s  Vi^ 
if  aoldered  oa.     Adcr  the  silver  b«»  ^Keu  aXtucWk^  ^oft  twjcx* 


fltioit»  portion   is  removed,  and 
polished. 

Tbc«c  mcttiods  of  plating  have,  however,  becii  ii»  a  gttAt  dcgne 
supcweded  by  the  procesa  of  electro-ptating;,  iu  which  the  wlveria 
deposited  upon  the  surface  hy  voltaic  action.  The  mode  of  doing 
this  will  Ik  explainal  hereafter  (877). 

Silvering  may  be  c&cctcd  cither  hy  the  wet  or  by  the  dry  method. 
The  wet  method  is  usually  adoi'tcd  for  such  puqxiees  as  the  silver* 
ing  of  thermometer  »ca]c«.  It  is  generally  executed  either  00 
hra«s  or  cop|>er :  the  surface  of  these  metala  ia  cleaned  by  tiijtpi^, 
or  momentary  immersion  of  the  articles  in  nitric  acid,  to  remott 
the  film  of  oxide  which  ulways  funtia  from  ex{iosure  to  the  atmc^ 
sphere,  even  for  a  few  houra.  They  arc  theo  rubbed  over  witli  a 
mixture  of  100  parts  of  cream  of  tartar,  10  of  chloride  of  silver, 
and  I  part  of  corrosive  Bublimate.  The  mercury  ap{>ear^  to  act  is 
n  kind  of  solder  to  the  silver,  the  copper  combining  with  the  chlo- 
rine both  of  the  chloride  of  silver  and  of  the  sublimate  ;  the  sor' 
face  i»  iifterwards  polished, 

Dry  silvering  in  etfected  hy  diaaolving  a  certain  quautity  of 
silver  in  mercury ;  the '  djppcd'  articles  arc  agitated  ■ith  a  por- 
tion of  this  amalgam,  wliieb  thus  becomes  diffused  uniformly  ovti 
the  surface.  By  the  application  of  heat  the  mercury  \»  expcUdi, 
learing  a  very  thin  film  of  silver  behind :  on  polishing  tho  trinkets 
a  bright  silvered  surface  is  obtained. 

(793]  •^'/'•■f'",'/  "/  Mirrorg. — Some  of  the  salts  of  silver  wb(B 
rendered  alightly  ammoniacal  and  mixed  with  ccrtwn  organic  solo- 
lions,  such  a»  aldchyd  and  wdicylini.t  acid,  are  reduced  to  tlie 
metallic  state,  the  silver  being  deposited  upon  the  surfaces  of  gl«« 
Tcssels  in  which  the  experiment  is  made,  in  the  form  of  a  btfl- 
liant,  adhering,  mirror-liUe  coating.  Mr.  Drayton  some  yearaifi> 
proposcil  to  apply  this  observation  to  the  silvering  of  luirrors  Qpw 
the  lar^G  scale,  as  tlie  coating  adapta  it»clf  not  only  to  Bat  snr* 
faces,  but  to  those  also  which  are  curved,  or  cut  into  patteni*. 
This  process  is  now  sueocssfully  practised  at  Paris,  as  follows. — 
6cx>  grains  of  pure  neutral  nitrate  of  silver  arc  dissolTcd  in  xtM 
grains  of  water.  To  this  solution  are  added :  ist,  75  gnuna  of  » 
liquor  prepared  from  25  parts  of  distilled  water,  lo  of  ec*quicar- 
bonnte  of  ammonia,  and  10  of  a  solution  of  ammonia  of  sp.  gr. 
0*980 ;  and,  30  grains  of  a  solution  of  ammonia  of  sp.  gr.  0*980; 
and  3rd,  iSoo  grains  of  alcohol  of  sp.  gr.  0-850.  The  mixture 
left  at  rest  to  become  clear.  The  liquid  is  decanted  or  filtered 
aiid  a  mixture  of  C(\ua,\  \iart*  ot  ttl«i\tfiV  (jij.  (gr.  ©■850)  aod 
cassia  is  added  in  l\ie  pogortvou  «1  v  ^t^.  ot  'iia  u«mcft  ijj 
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of  tlie  Mlutioii  of  silrer ;  the  mixture  is  Hgitatcil  and 

wtlln  for  RuvL-ral  hours,  after  iihicli  it  is  filtered.     Just 

auriiij;  it  h|i(iii  lltu  glww  to  be  Kilrcrcil,  it  is  mixed  with 

liulk  of  tuenct  of  etovea  (compoocd  of  i  part  of  ml  of 

nd  3  of  alcohol,  »p.  gr.  O'Sjo).     The  gtoM,  lutviiig  beeu 

bly   cl<»iit»C(l,   is  covered   witli   the   stlverbg   liquid,  aud 

tu  alwul  lOo^  F.,  at  which  tcm{)craturc  it  is  niotutaincd 

[or  thnw  Itoore:  the  liquid  is  thea  decaDted,  and  maj'  be 

for  ailttciiiig  other  glaxscs.     Thv  deposit  of  siltvr  upon 

is  w«»hul,  dried,  and  tlieti  viirnished.     (Pelouxo  aud 

;  JVaiii  dr  Vhiinie,  siul  Kd.,  iii.  347.) 

,  alcoholic  euliitioii  of  grape  augnr  prcxlucot  the  fame  result,  if 

t\  fur  the  oiU  of  cttssia  mid  cluvcii,  hut  the  dcita^it  occurs 

>  slow  Ijr.  Liebig'ft  method  of  ret)  uci  iig  an  atumouiacal  sola- 

uf  Mitrer  aH^nlixi-d  with  soda  or  potash,  bj*  means  of 

r,ftt  ordiuarj'  teuipcratureB,  tum  1)ceii  successfully  applied 

1,  in  tlie  folluniug  ipauaer,  to  the  silvering  of  mirrors  for 

I  (Lifhig's  Amial.,  xcviii.  132] : — DimoIvc  in  300  meaaurea 

B^tJi  of  tl"»'-ir  weight  of  pure  nitrate  of  silver,  and  add  to  the 

la  solution  of  eanitic  ammonia  in  qiiuutitjr  jui>t  siitlicient  to  re- 

Ito  the  oxide  erf  wlver  which  is  at  first  precipitated  ;  add  to  this 

]D  450  riifMuresofawlutiou  ofeaurticwdn  (of  »p.  gr.  1*035) 

chloride,  and   immodiatelj'  redissolvc  the  dark  hrowa 

lipitatt!  thitN  pr\HUK'<.-«]  by  the  cautious  addition  of  caustic  am- 

ft«r  whiph  dilute  the  liquid  with  water  to  1450  metuurcs ; 

n  solution  of  nitrate  of  siiTtr  till  a  decided  permanent 

ilNtale    ia   foinicf),  and    (iually   pour    iu  water  till  the 

occupies  exactly  1500  menAiirc^ .-  then  li»ivc  it  to  stand, 

«it  the  clear  littuid.    Immcdiutely  before  the  solution  is  to  bo 

to  Ih;  mixed  with  ilh  or -r.,th  of  its  vohimeoraftoliition 

[  sugar  in  ten  times  its  weight  of  water.  The  u)lution  is  to  be 

a  shallow  vessel,  and  tlu:  gloss  to  he  silvern)  aupported 

le  surrut'e  of  the  liquid  :  a  iKautifnl  colieieut  film  of  silver 

ited   upon   the  uudcr  surface  of  the  glass,  and  a  copious 

Station  of  ailver  oocnra  upon  the  nidea  of  the  vessd. 

Iher  wry  good  method  of  silvering  glass  is  thnt  of  Petit  Jean 
T(t3,,  i^^('.  p-  3 19},  in  which  an  aiumoniai!al  solution  of  tar- 
■ilvet  in  employed  at  a  gentle  heat ;  by  oung  an  ammonio- 
'({ohl  in  itolutiun,  it  is  caHv  to  gild  upon  glasa;  and  in  a 
Buuinrr  tli<>  ftiirface  may  he  platiniiKd  if  a  solution  uf  pta* 
ittc  of  soda  ho  employed. 

,r  of  Silver. — Various  alloys  of  silver  may  be  oh* 
illy,  but  the  only  oue  citcusircly  lucd  a  the  aUoJ 
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uf  silver  nritli  copp^.  Pure  silver  a  too  soft  for  orrlinarj  uses, 
such  ae>  [lie  fabrication  of  coi»  aiuI  jeweller'!i  vork,  and  would  §ooa 
waste  by  the  oonataut  friction  it  would  cspcricucc  In  order  to 
confer  a  wuffieient  degrco  of  Imrdnowi  upon  the  silrer,  it  b  com- 
bincd  with  a  small  portion  of  copper.  The  proportion  of  copper 
in  tlic  'stoiidnrd'  nilvcr  employed  for  ooiiiiige  varies  iu  different 
countries .-  in  England  it  amounts  to  y^  per  cent.,  in  France  to  lO 
per  cent.,  and  in  Fru^ssia  to  i^  per  cent.  Silver  und  copper  in 
uniting  to  fonu  an  allin-  expand  slightly,  so  that  the  density  of 
the  misturc  is  somewhat  less  than  the  cidculut^d  mean.  Knglitli 
standard  silver  has  a  density  of  io'20,  instead  of  10*35.  Expeii- 
enec  luis  shown  that  an  alloy  of  silver  and  copper,  houx'ver  care- 
fully the  two  nictal.t  lie  incor[»orated,  undergoes  a  species  of  liqua- 
tion during  the  slow  solidification  of  the  melted  mius ;  when  cut 
into  ingotsi,  the  interior  piirts  of  the  bars  have  a  coni]>ositiou  dif- 
fcrcnt  from  that  of  the  sujicrficial  portions :  a  circumstance  of 
aonie  importniicc  in  the  prcjmriition  of  staniiard  silver  for  tlie  pur- 
poses of  coiiiaj-e.  The  only  alloy  iu  which  this  partial  scpanitioD 
of  the  two  nictaU  wsh  found  nut  to  occur  i»  stated  by  Lerol  (.-liiii. 
de  CMmie,  III.  xxxvi.  220),  to  consist  of  719  pnrta  of  silver  anil 
281  of  cojiper,  corresponding  to  the  formula  AgjCu,,  This  liqoih 
tion  is  comparatively  trifling  in  amount  in  bars  which  contain  950 
part*  of  silver  nod  upwards  in  looo;  in  bars  which  contain  a 
larger  proportion  of  silver  than  71910  toco  of  alloy,  the  ceotral 
portions  of  the  ingot  were  found  to  he  richer  thxn  tho«c  upon  the 
stirface  ;  but  in  the  alloyw  of  lower  value  the  proporliua  of  silvtr 
Kas  greatest  on  the  suifaec  of  the  ingot,  ^fiuiy  of  the  lactab 
when  ulioyetl  with  silver  in  small  qiunitity  render  it  brittle  ani 
unfit  for  tlic  purposes  of  coinage.  This  is  the  case,  for  instanot, 
when  the  silver  containit  tin,  xine,  antimony,  bismuth,  lead,  or 
arsenic.  These  metals  aie,  however,  all  easily  removed  in  ibe 
ordinary  course  of  refining.  The  alloy  uiicd  a»  a  «»W<t  for  silver 
consists  of  6  parts  of  brass,  5  of  silver,  and  2  of  titic.  Silver 
appears  to  have  the  power  of  dissolving  its  sulphide :  a  quantity  of 
sulphide  not  exceeding  1  per  cent,  renders  the  masa  so  brittle  tLat 
it  ounnot  l>e  rolled. 

(795)  Aitatf  of  Silver  by  Citpelhtion. — From  the  high  price 
of  silver,  compared  with  that  of  the  metals  used  to  harden  it,  it  has 
become  an  object  of  great  importance  to  be  able  to  determine  with 
facility  and  with  accuracy  the  proportion  of  silver  iu  any  compouitd. 
Jeweller's  silver  must  according  to  law  be  of  n  certain  degree  of 
fineness.  In  this  co^W-tij  c&c\\  wV^cVsij-^^cviaMs.  to  being  sold,  is 
tested   at    Goldsm'aW    WaW,  auA.  A  ^.^'pwA  '\»  ^asM^.    "V^ 
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^^p  tcstiiii;  romtnoiity  cmployc^l  U  U-nii«c1  auayin^  or  cuptU 

^^Bn  ]tniici)>lc  it  depends  ui)o[i  Utc  jiro]>ertj'  which  Icail  |)CM- 

^Bsbmrbiiig  oxygCD  At  a  high  tempcrutiirc,  and  of  foraiiiig 

Bna  (!ssily  fallible  oxide,  which  imparts  oxygen  uith  fiicility 

pi  thOM  metal.i  which  vivid  oxiden  i>ot  r«luL-iblc  by  hmt  alone. 

of  the  oxides*  tluis  formed  unite  with  the  oxide  of  ieai),and  pro- 

a  fusible  glass  wbich  is  easily  a)jwrlx»l  by  ■  porous  cnicible 

of  burnt  Iwnee,  termed  a  cupel ;  -wbiltit  any  ailvertbat  thcuiix- 

ittntaiiiH  is  lef^  behind  in  a  bri<;ht  globule,  which  admits  of  being 

VU^J  weighed.     The  cupel  aii<I  its  eontentit  are 

I  in  section  in  Rg.  339.      Those  mipcJs  are  pre- 

(Ikhii  bono  ash  (burnt  to  whitcuess,  and  ground 

Sue   powder),  by   nioiGlcninj*  it  with   water : 

bible  quantity  of  the  mixttire   w  plncetl  in  a 

1,  and  tho  rci]uirrd  form  and  eohereneo  ia  given  to  it  by  the 

of  a  mallet  or  uf  a  prout:  tbo   rupeb   are   allowed  to  dry 

i)({b]y  lM.'foro  tliey  are  used.     The  assay  may  be  conducted 

qiuuititica  of  xUver  varj-iiig  from  )o  to  30  grains  in  weight. 

of  pracLi-ding 

;lo«a:-!u   a  ^'"'^ 

t  furuacc.sach 

wu  iu  tiection 

%.    J4D,    ia 

earthenware 

muffle,   B,  of 

lilidrical       form, 

one  end,  and 

!ie  Dtbcr,  witli 

iQ    tlifl    sides    to 

tlie  free  circnla- 

if  the  air;   upon 

Mr  ol*  the  muffle, 

nber    uT    cupels 

imigetl   in  rows, 

Bhe     temperature 

ted   to  bright  red< 

E'ltial  ])ortioiis  of  tlie  varioua  «nmplr«  of  silver  to  be  aesayod 

tbfi  iiif:atitime  accurately  weighed,  and  wrapjiod  in  a  qnan* 

pure  ibiii  nheet-loiid,  the  weight  of  which  varica  with  the 

Ibfiiilov;  the   larger   the    proportion  of  foreign  mclalii 

I  a/i:..   .:..:.  nickol,  and  iron  do  not  fonn  a  fiwible  oontriaaiioB 
■j»  nhii'h  these  mctab  f<ina  with  liJTcr  are  rouoo- 
_.    . -.ijiollaliou. 
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that  it  contains,  the  greater  in  the  quantity  of  lead  needed.    £^ 

piece  for  assair  i»  now  placed  in  its  allotti'd  cupel,  by  means  of  a 

long  pair  of  totigH.     It  (juickly  fuses;  fume:!i  uf  oxide  of  lead  aic 

Kccn  rising  from  tlic  cupels,  but  the  greater  part  of  tbe  oxide  is 

absorbed  by  the  cnptO,  uud   the  silver  is  l<;f't  behind  in  a  state  of 

purity.     At  the  moment  that  the  last  portion  of  Icftd   undeigoet 

oxidation,  the  Kurfact^  of  the  »ilver  flaslies,  or  lightens,  as  it  i> 

tcclimcally  termed,  owing   to  the  cause  aln-ady  explained  (753). 

This  phciiouieiioii  iuilicatci*  that  the  proccaa  is  complctisl.     The 

button  is  allowed  to  cool   very  gradually,  to  prevent   the   low  of 

silver  by  dinperaou  from  tpilltng  (788) ;  it  ia  Uien  detached  Gun 

the  cupel,  brushed,  and  accurately  wrighcd.     If  the  pioec  of  alloy 

originally  taken  weighed  10  gruiti»,  the  weight  of  llic  hutloti  in 

hundredths  of  a  grain  gives  the  number  of  parts  of  silver  in  1000 

parU  uf  nlloy.      A   minute   quantity   of  mIvcf  always   pMSes  tulo 

the  cupel  during  the  proce»>,  for  which  an  allowance  must  be  nude 

iu  wcighii^  the  button  ;  and  if  the  proportion  of  leail  be  toogresi 

this  low  is  increased,  but  if  too  little  be  u^etl,  part  of  tJic  copper 

is  left  in  the  bead.     Upon  an  alloy  which  ooutains  93J  parts  of 

silver  to  75  of  coppt^,  the  loss  is  about  4  per  1000 ;  and  upon 

silver  which  contains  9C0  parts  in  loco,  the  loss  ou  the  button  it 

about  5  piirta   in   looo.     In  order  to   be  able  to  ewtimate  the 

amount  of  this  loss  in  each  operation,  the  best  plan  ia  to  past 

thn-e  or  four  proofs,  with  each  set  of  ai"«»y».     Tlie-m  |>rCK>&  coa- 

sist  of  pieces  of  fine  silver  of  known  weight,  mhich  arc  mixed  with 

qiiantitii's  of  lead  and  copper,  approximately  of  the  emme  amoaal 

as  thoM>  present  in  the  awtayN  under  triul.     The  loss  cxperieaoed 

by  these  proofs  atfords  s  method  of  checking  the  results  of  the 

asjtay.     The  amount  of  this  Ion  varies  with  the  tempervturc. 

The  most  convenient  system  of  reporting  the  fineness  ofsilnr 
is  the  decimal  method,  which  is  employc<l  in  most  countries  with 
the  exception  of  England.  The  practice  of  reporting  both  geld 
and  silver  dedmally  was  introduced  a  few  years  ago  by  Sir  J. 
Hcrschc)  into  the  Mint  of  tliis  country,  and  it  prolmbly  will  gra- 
dually suiMirscdc  the  ciimbrons  and  artlfieial  method  wbicJi  is  stiU 
generally  employed  by  the  Knglisli  assayers.  Upon  the  decimal 
system,  fine  silver  ia  termed  1000*0,  and  the  report  upon  any 
sample  of  alloy  simply  indicator  the  number  of  jMrts  of  pure  silver 
in  1000  which  it  contains.  Thus  KngUah  standard  silver  contatna 
925  ]iarta  of  silver,  and  75  of  copper  in  looo  of  the  alloy.  Fr«n^ 
standard  contains  900  parts  of  silver,  and  100  of  cupper  in  icooof 
nJloy.  English  Btandard  wovAA  ttwarfw^  be  re^rtcd  as  915; 
J''reiich  standard  aa  900. 
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( pmportioni  of  \mA  whi«li  are  gfiticmlly  emplojod  for  tlu 
I  of  diSiTeot  alloys  are  tho  following  : — 

|low  puU  d  Utt  dluj  cooMia  It  will  n>i)uiTe  of  lw>l 

loco  part»  of  fmc  silfcr   .     .      .  half  its  wcighu 

„  ...  3  time*  iu  weigbu 

M  ...  5t  w 

n  '      '      •      7  " 

H  ...     9  „ 

It  ...    10  ti 

„  .     .     .  la  „ 

i»  ...    14  n 

i,or]ess„  .     .      .  16  or  17  „ 


Ifol  asMtyer  will  gencraUjr  be  able  at  once  to  deUvi 

itivc-  (JnvnciM  of  an  article  from  iu  mere  K)>|>carancc, 
itidge  acconltngl]'  of  tbc  proportion  of  lead  vhich  it  iriU 
Ornt  caro  is  ncvdfiil  in  regulating  the  tempcmturc 

dnrin^  the  cnpellation  :  if  too  high,  a  part  of  the  taW 
It  by  voUtilizatiou  ;  if  too  low,  portions  uf  lead  and  coppcf 
kto  bo  retained.  Wlicn  the  as^ay  \»  properly  performed, 
>a  is  brilliant,  well  roanded,  free  from  irregularities,  Hod 
'\uX  granular  u[)oti  it*  Hurface:  it  ia  readily  detached  from 
jpiL  If  tlie  a«uy  adheres  strongly  to  the  cnpcl,  or  is  irte* 
Id  tt«  ontline,  it  retainn  a  iwrtton  of  alloy.  ^ 

».Aw«y  of  Silver  by  the  Uuwiil  Proeeu. — The  rcsulu  offl 
»  of  the  assay  by  cupellation,  even  id  es|)ertenocd  bands, 
as  ranch  as  2  part«  in  looo :  tliis  circnmstsocc  induced 
iBMOO  to  oontrire  n  diftiTent  method,  which  is  now  ndojitod 
in  the  French   Mint,  but  is  employed  in  the  Mints  of 
nin  and  the  ViiitKl  States,  a*  well  as  in  almost  all  the 
Suroi>e  ;  it  admits  of  au  accurate  estitnate  of  the  value 
to  within  o'j  in  1000.     Tliis  process  dejicnda  npo^H 
ktntion  of  the  silver  in  the  form  of  an  insoluble  chloride, 
Fmciuuremcnt  of  the   anioinit  of  a  stiindard   tu-jlntiun  of 
of  Midinm  which  ia  required  to  cOV-et  the  complete  prv- 
iif  the  silver  in  a  given  weight  of  tlie  alloy.    Chloride  of 
ily  C4(ltei±4  into  dense  tloccuti  by  agitation  in  a  solution 
iridulatod  with  nitric  acid,  Aiid  whidi  oontatus  no  excess 
I  ehloride'  ;  so  tliat  the  exact  point  at  which  the  precipl- 

to  be  formed  is  readily  {icreeivud. 
btion  of  common  ult  is  prci>iired  of  such  a  str«ngtli  tbnt 
of  it  are  exactly  sufficient  to  precipitate  10  gmios 
10  Kmiu*  of  the  mlloy  for  cxamiuutioii  arc  plftccd 
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[  the  lid  of  &  gentle  beat  are  di§9o!TC(l  in  2  tlrachms  of  nitric  wad, 

^K  _  of  specific  gravity  i'3j:  tbc   solutioo  of 

^^m  _  ^i^'t  is  then  placed  in  a  burette  (lig.  341) 

^^B^  ''^\jjff  cnpnWc  of  holding  rather  more  than  1000 

^^^^ft  /f_%  grains.     Tlic    burette,   when    filli-d    will 

^^^^^  ir^^W  ^r^ii    **'*^  solution,  is  n-cighcd  before  being  med, 

^H  ^^H^k^l^K^  ^'"^  ^''^  liquid  iH  added  to  tlie  nitrate  ol 
^H  ^B^^^=^^?^^  siltcr  in  llic  bottle;  when  it  is  hujiimncd 
^P  tliat  the  silver  i*  nearly  idl  precipitated,  tha 

liijuor  is  bntikly  agitated  ia  the  bottle,  aud  the  precipitate  H 
allowed  to  nibaidc ;  a  drop  or  two  more  of  tlic  volution  of  salt  i 
tbcD  added  :  if  a  precipitate  be  produced,  the  liquid  is  again  agi 
tatcd ;  and  when  elear,  more  of  th«  nolutiou  in  aitdcd,  ns  bdbr^ 
fio  lung  aa  any  turbidity  is  produced  by  the  addition.  Wlit-n  a 
cloud  ceases  to  be  formed,  the  projwrtion  of  HolutJou  of  salt  whicU 
has  been  added  ia  ascertained  by  weighing  tlie  burette  a  aeoooil 
time.  The  number  of  graina  of  the  solution  employed  itulicau* 
^^         tlic  degree  of  ftneneas  of  the  alloy.* 

^B  'When,  as  in  the  assay  of  ban  for  coin,  or  for  jeweller's  work, 

^^  a  large  number  of  asMiys*  must  be  esecuted,  all  verj-  nearly  of  uni- 
form fitieiiesa,  the  operation  may  be  rcducwl  to  a  syatem  by  whieii 
its  preeiuon  may  be  inereaitcd,  at  tlie  »aine  lime  that  it  is  rendered 
much  more  easy  of  execution.  For  this  purpose,  two  solution*  of 
salt  are  employed  :  one,  the  standard  solution,  motioning  in  1000 
grains  a  sufficient  quantity  of  commercial  chloride  of  sodium  to 
precipitate  10  grains  of  silverf;  the  second  solution,  tJio  dedmJL 
solution,  having  one  tenth  of  the  strength  of  the  firat,  and  bong 
prei}art-il  by  diluting  1  pint  of  the  standard  solution  with  9  piols 
of  water.  Tliesc  solutions  arc  to  be  preserved  in  well-closed 
bottle:".  The  standard  ■otutioii  is  prepared  in  laigc  quantities  at 
a  time,  and  kept  in  stoneware  jars,  a,  fig.  J44,  capable  of  contain- 
ing 10  or  35  gallons ;  &  is  a  tube  open  at  both  ends,  which  pauei 
nearly  to  the  bottom  of  the  jar,  to  admit  air,  wbilni  tlie  liquid  » 


tOMOl 


•  In  the  Cnli-ulia  Miut  (Lis  pre(^ipitft(«  is  washed  by  tuhsidenoa  in  tbd 
ft>o1  la  trhii-'h  it  t»  fiirnit'it,  aii'l  i>  th4<n  rnllertodinainuHporM'UinonieihK 
an  in  tin?  proi'tB*  of  collecting  goM,  in  th«  oprrstion  of  yarting  (814).  As 
chloridi'  is  dried,  sad  than  woigiird,  and  tbc  wrrMpoading  ralue  of  ibe  ailfa 
ia  calmilnMd. 

t  Tlus  solution  contain*  approxitnatclj  li'Sa  srain*  of  cblorid*  of  •odiiim 
in  a  f^llon  :  but.  an  tho  comuiDrriiil  «alt  contaiait  flilonde  «f  nM|m<siaia.  IW 
exact  strenalli  must  be  di>t(>rmiuHl  by  diMolring  10  h'rsi"^  of  fine  silrtf  ia 
acJd.  and  precipilatinic  it  by  tUc  addition  t>(  leoo  gmiiu  of  the  solotion.  umt- 
taioinglhe  amount  oltkeei-ccwot  AcR«««ic^eA<*!i«*iaBSiii^hftTB«Bacf  sbrntf 
to  be  detaUed,  and  llwn  a-iiinftwsWT  «  wii.»iaKs\»«»*A. 
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drawn  off  hy  tfee  stop-cock,  c,  without  nllowiog  any  loss  by  cvapo- 
ntioii ;  if  is  a  gttitge  by  ffiiich  tbe  quantity  of  liquid  witliin  i»  iu- 
dicatcd.  A  series  of  Iwt- 

tle«,  c«p«blc  of  coiitoiU'  Fio.  ,ni. 

ing  about  6  fluid  ouuces 
each,  itiittod  wttli  grmiud 
stoppers,  numbered  cou- 
aecutivcly  from  l  up- 
wards: into  ea<^h  bottle 
10  grains  of  the  alloy 
for  Assay  h  weighed ;  2 
drachraB  of  nitric  acid 
are  aildeil  to  each  bot- 
tle, irhich  is  placed  in 
a  siinllon-  vessel  coit- 
taiuiiig  water,  and  gra- 
il twUy  raii<cd  to  the 
boiling  poiut;  in  ten 
minutes  the  alloy  is 
completely  diaralrod. 

The  precipitation  of 
the  «ilvcr  in  the  form 
of  chloride  ia  then 
cSectcd  by  the  aid  of 
the  apparatus  now  to 
be  described  : — ff,  fig. 
343,  is  a  glaiHt  pipette 
which  can  be  61led 
with  the  Ktauilard  k)1u> 
tioii.  The  ([uantity  of 
liquid  introduced  into 
the  pipette  ia  regu- 
lated by  means  of  tJic  utojicoclt,  e  f,  the  peculiar  construction  of 
which  is  shown  on  a  hirgcr  scale  in  fig.  343,  in  which  e  rtproscnts 
an  ordinary  stopcock  (constructed  of  silver  to  resist  the  action  of 
the  wilutiou),  t^-rminating  IjcIdw  in  a  long  tube,  c;  at/  i»  an 
opening  for  the  escape  of  air,  which  can  be  closed  at  pleasure  hy 
the  plug,  a.  Suppose  it  be  desired  to  fill  the  pipette,  ff,  fig.  342  ; 
the  lower  opening  of  tlic  pipette  is  closed  by  the  forc-fingcr,  the 
solution  is  ailmitted  by  opening  the  stop-cock,  e,  whiUt  the  air 
CBcnpea  at/,  which  >.■<  open ;  ah  !>oou  as  the  liquid  has  risen  a  little 
above  the  mark,  n,  both  the  stop-cock,  c,  and  the  plug  at  /  are 
cloBce}^  asid  tho  linger  h  withdrawn.     In  tU\s  ^'i^^*^^'^^  ^^  ■^xyWit 
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iriU  retain  its  charge  for  an  iiidefiDite  time.  The  apparatna  n- 
prcsciitvcl  nt  m  /  is  intviidcil  ti>  fncilitate  the  exact  vinpt^iiig  of  Die 
j)il>ette;  the  tray,  A  i,  slides  easily  between  twn 
groovvf,  in  nlitch  its  niulioii  is  limited  by  the 
stops,  /  and  m ,-  A  is  a  compartment  for  the  recep- 
tion of  the  a*say  hottleK,  ik>  adjusted  tliitt  nhrn  the 
tmy  rests  against  the  stop,  m,  the  {lijiette  shall 
empty  itself  into  tlie  bottle  without  wetting  tta 
neck  ;  i  is  another  comjiartmcut  for  receiving  the 
superfluous  solution  of  snlt,  and  k  represents  a  ptooe 
of  sponge,  the  object  of  which  is  to  remove  the  drop 
which  hangs  to  the  lower  end  of  the  pipette  ;  the 
stop,  /,  IB  so  placed,  that  n  hen  tlie  slide  re»tt>  ngxiii»t 
it,  the  sponge  shall  just  touch  the  lower  extremi^ 
of  the  ])i)iette.  Tiie  sponge,  i,  having  lieen  brou^t 
to  touch  the  loner  cod  of  the  pipcltc,  the  plug  at/  is  slightly  re- 
laxed to  allow  the  air  to  enter,  and  a  portion  of  the  liqnid  gradiullr 
to  escape,  until  it  has  iallcn  exactly  to  the  mark,  n.     The  slide  ii 

now  moved  until  the 
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bottle,  h,  is  dirwtiy 
underneath  the  pi- 
pette, and  on  opening 
the  plug  at  /  to  it* 
full  extent,  tlie  charp 
flow*  freely  into  the 
bottle. 

Suppose  now  the 
object  of  the  ussay  ba 
to  ascertain  whether 
a  certain  number  of 
bars  be  of  the  Hoe- 
nesx  of  English  stan- 
dard silver,  or  if  not, 
what  is  the  amount  of 
their  variation  fros 
standard.  The  pijieUe, 
jr,  ia  80  grail  uated  thai 
when  tilled  up  to 
the  mark,  n,  it  shall 
delirer  exactly  9^3 
grains  of  the  staudai 
solution,    which 
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'amount  of  commoa  »ilt  to  prccipitatc  922  grnliis  of  silver;  a 
quantitf  which  ia  purjxMelv  rathor  Ii-m  thtiti  ihe  u»%ay  i»  cx- 
p«ctvd  to  oontaia;  10  grains  of  alb;,  if  of  corroct  comfio-> 
sittoa,  contaiuiug  925  (^raiiiM  of  silver.  ^Vhcn  each  I>;>ttlu  iit 
Nuocessioo  has  received  from  the  pipette  a  charge  of  exactly 
the  same  value,  tlie  Imttles  are  traimfcrrcd  to  the  agUalor,  shown 
at  fig.  344,  which  IB  suspended  from  au  iroo  arm,  d,  I)etweeti 
two  atroiig  spring!!,  c,  e,  made  of  vukraatzcd  caoutchouc.  This 
agitator  is  usually  constructed  to  contain  10  bottIe»,  which  are 
lo<]ge<]  in  t]ie  com  purl  III  cnt.i,  a,  a  ■  the  stoppcra  are  secured  in 
tlteir  places  by  the  riuis,  b,  b,  one  of  which  in  represented  in  the 
figure  as  tliruwii  buck  for  thi-  admiN«iou  of  the  bottles;  the  rims 
when  closed  are  eonfincd  by  the  springs  shown  at  c,  e.  On  agi- 
tating the  npparutuH  briskly  for  60  or  80  seconds,  the  solutions 
become  clear,  and  the  bottles  are  removed  from  the  agitator,  and 
transferred  to  a  stand,  behind  which  is  a  blackboard  divided  into 
10  numbered  compartments,  each  bottle  being  placed  opiMwile  the 
compartment  which  correspond*  with  its  numher. 

The  adjustment  of  tlie  remaining  portion  of  the  as--(Hy  ix  made  by 
means  of  the  decimal  tolution.  This  is  con- 
tainecl  in  a  small  bottle  of  to  or  12  ounces  in 
capacity,  fig.  34^,  provided  with  a  tube 
or  Kniall  pipette,  fi,  open  at  both  ends,  but 
drawn  out  to  a  narrow  aperture  below. 
On  this  small  pipette  a  mark,  c,  is  matle 
at  a  height  corresponding  exactly  to  10 
grains  of  the  liiiuid;  10  grains  of  this 
solution  oontaiuing  sufiicient  ebloriue  to 
precipitate  o'Oi  grain  of  silver. 

The  assajer  now  plunges  this  small 
pipette  into  the  decimal  volution,  and  closing 
the  upper  opening  of  the  tube  with  his  fore- 

finger,  partially  withdraws  it  from  the  bottle,  and  allows  the  liquid 
to  escape  until  it  stands  exactly  at  the  line  of  tbe  graduation,  c; 
he  then  transfers  the  pipette  to  the  first  bottle,  and  allows  the 
solution  to  How  into  it.  Tbe  same  oiieration  is  repeated  with  each 
assay  bottle  in  sueecasioa.  A  mark  is  next  made  with  a  piece  of 
chalk,  opposite  to  eaeb  bottle  in  which  a  precipitate  is  occasioned. 
These   bottles   arc   then   replaced   in  the  agitator,  and  shaken  a 

r  second  time ;  the  volutionN  having  thus  again  l)een  lundercd  clear, 
■re  replaced  upon  the  table,  and  a  second  pipette  of  the  decimal 
solution  is  added  to  each  of  the  botth-s  iu  whieh  «.  Yircc\\i\t'\\ft -«»». 
fifT!  ;»rt<rfiifwrfj^iyjis  operutiou  )»  repeated  uuti,\  \n  <;*A\  XwvCvt  ^* 


-  •hitioii  \n{<{] 
,-r]y  (if  tlii;  fii 

■"  ,>\\  is  iuloptci 
■ '  xolntiuii  iif  . 

-IviT  in  nitric 

■  -.riim  iJiviqiics 

■  -"■  grains  of  lli 

■     -.r.      A  l)ott!c  o 

■;  :li:it  sliowii  in 

.    liiiuiil  from  th 

■..■;ilrs  a  ruiciioss  1 

■  .'.la I    silver  sdlut 
.    *   made   upon   ll 

::li's  iiri'  ilicn  iij;il 

.•  ilri-iiii:il  .<H//soliti 

-     ■•■hu'cd,  n  mark  is  cl 

>  obscrvcil,  nnd  tlic 

-.  .ii'i'iinnl  salt  liijiiiil 

-.  -  '• 'H' fornu'd.  Siiji|i(isi 
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i  »ulutioa  of  salt  U  prepared  at  a  temperature,  say, 
^netilly  the  pipetto,  g,  will  ouly  deliver  a  volume  of 
dy  equal  to  9'23  grains  of  silver,  at  that  tenij>eratur«. 

temperature  tlie  liquid  wiU  cxpsnd,  aad  a  givco 
Lliercfbre  contain  a  snisller  amount  of  eliloride  of 
■at  a,  loner  temperature  it  will  contract,  aad  will 
|er  aiuoutit.  A  correction  for  this  vari»tioii  in  the 
lie  liquid  16  tli(!rcron;  required.  This  is  luodc  very 
I  fitllowing  mauuer.  Eacli  time  that  a  number  vf 
la,  ft  piece  of  fine  eilver,  cquRl  to  9*25  graios,  is 
liasolred  in  nitric  acid,  and  osHiiired  lu  ulwre  directed. 
o(  pipettes  of  the  decimal  solation  of  salt  wbicb  ts 
umplete  the  precipitatiou  i*  noted,  aiid  the  value  of  tlie 
ic  large  pipette,  ff,  is  thus  verified  upon  each  occasioii. 
be,  34  pipetteH  were  required  for  ootoplctitig  tbi»  pre- 
I  large  pipette  would  dclivcraquantityof  the  solution 
iHcipitJitc  9215  grains  on  tlist  day,  instead  of  <,i'22. 
1  from  the  calculated  value  is  allonrcd  for,  and  a  oor* 
de  upon  the  luaays  by  means  uf  a  table  ootutlnicted 
w. 

to  npply  tbiH  apimratua  to  the  nasay  of  ailver  of  other 
iCDCBs;  but  it  is  necessary  to  know  approximativcly 
he  alloy,  iu  ordc-r  tliAl  a  Niiitahle  weight  of  it  mjiy  be 

nitric  acid.  Suppose,  for  instance,  a  number  of 
DAtivcly  uf  (he  volue  of  900  (the  Frencli  standard] 
iftyed;  a  piece  of  the  alloy,  which  contains  approxi* 
;  grains  of  fine  silver,  munt  be  tnkcu ;  tlie  quantity 
uoly  calculated,  since  tlic  weight  of  the  alloy  needed 
sly  AS  its  6neuc6s ;  for  900 :  925  : :  lO  gn. :  10*377  P*- 
iqnircd  in  thia  ca»e  will  consequently  be  10*377  grains. 
M  tbo  only  metjd  the  prcMcnce  of  which  interfere*  with 
of  the  asiay  by  the  humid  method ;  but  the  proccsa 
Bed  so  tie  to  give  corrwt  resulta  even  in  this  au^. 
tpofatioH  of  Fine  iHlcer. — In  order  that  the  foregoing 
be  ftocttrutcly  performed,  it  u  neoeesary  to  be  provided 
t  absolule  purity.     The  following  is  the  best  melliod 

tite  nclal  ill  this  coudiliun,  SlniidiLrd  »ilvcr  is  di&- 
ie  Bcid :  tlie  liquid  is  diluted,  and  decanted  or  filtered 
Ived  partielci  of  gold  or  of  sulphide  of  silver,  and  the 
ocipltatcd  by  the  lulditiou  of  a  solution  of  cldorido  of 
^t  excess.  The  precipitate  '»  washed  in  a  largo  jar  by 
util  the  wa-''tuiig»  are  tRatclr^.     The  chloride  a  then 

kof  vitriol,  iu  the  pruportiou  of  3  ounces  to  each 
8  Ag^^ 
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pouiid  of  chloride,  «nd  seventl  bars  of  sine  arc  placed  in  the  m! 
the  liuc  speedily  hcccHiiKK  converWd  into  clilonde  of  riiic,  wliidi  i: 
dissolved,  wUitst  lUo  ailver  a  reduced  to  tlic  metallic  state,  and  hj 
u  voltcdc  action  the  reduction  gradually  extend*  tlirongli  the  man; 
Zii  +  AgC'l  =  A){  +  ZiiCl.  The  mixture  is  uot  to  be  aj^iiatcd.  la 
tlie  courM!  of  a  dar  or  two  the  decuinpo»ition  is  usually  ooni|tlet<dd 
If  a  jjortioii  of  tlie  rwluced  silver,  after  being  thoroughly  washed 
iv  tntirdy  soluble  in  nitric  acid,  the  rcduetton  is  completo.  The  ban 
of  xiiic,  with  tiie  cnut  which  adheres  to  llicm,  arc  then  carefully 
removed,  and  the  reduced  mct^  is  digested  for  two  days  with 
diluted  Hulptiuric  at^id,  to  remove  any  iiorlions  of  the  subsalts  of 
ainc  which  are  occasionally  formed,  and  is  washed  iu  a  large  tcs«-1 
by  MuhMidciwc,  until  tlic  wiwhiiigH  cca-nc  to  precipitate  nitrate  flf 
silver.*  The  reduced  silver  is  now  rcdissulved  in  nitric  acid,  aad 
a  second  time  prccipitiitci)  as  chloride,  pure  iiydiocbloric  acid  bang 
employed  tor  this  purpose:  the  precipitated  chloride  is  agm 
w.-wlied  by  subsidence  until  the  wasliingx  no  longer  rtsjden  litmw. 
The  chloride  of  silver  ia  next  drietl  tmtil  it  ceases  to  lose  wet^t, 
IC9  parts  of  tlic  chloride  arc  mixed  wilb  70'4of  chalk,  and  4'jof 
powdered  charcoal,  and  the  mixture  ia  heated  iu  a  deep  clay 
cniciblcf  The  temperature  is  kept  ut  a  dull  red  heat  for  half  an 
hour,  after  which  it  ia  gradually  rtii»ed  to  full  redueits :  a  con- 
siderable discngngcment  of  gas  takes  place,  oiring  to  the  evolution 
of  carbonic  acid  and  carbonic  oxide,  and  oxychloride  of  caleitim  w 
formed,  constituting  a  fusible  slag,  beneath  which  the  pure  nlver 
oollcets;  AgCI+  3(CaO,CO^+C=CO+  a  CO,  +  CaO.CaCl  +  Ag. 
The  utver  may  be  poured  into  an  ingot  mould,  rcmelted  ia 
Older  to  free  it  from  otag,  and  afterwards  rolled  into  sheets 
Silver  Huffidently  pure  for  all  ordinary  purposes  may  also  be  cUt- 
taincd  in  a  cnp'stullinc  form  by  boiling  a  slightly  acid  solution  of 
uiti'Ate  or  other  salt  of  silver  with  sheet  copper :  tlie  precJiHtatcd 
silver  is  well  washed,  digested  in  a  solution  of  ammonia,  to  remove 
any  traces  of  axlheriiig  oxide  of  copper,  and  again  washed, 

1(798)  OsiDKs  or  StLVEB. — Silver  forms  throe  oxides  J  a  rah- 
oxiile,  Ag,0 ;  a  protoxide,  AgO,  wliicit  is  the  baaa  of  the  salts  «/ 
the  metal ;  imd  a  peroxide,  Ai^^,  which  does  not  combine  with  ncid». 
Sulioriite  of  Silver  {Ag^O). — According  to  NV<>liler,  if  the  citrate 
of  silver  bo  heated  to  212°  in  a  current  of  hydrogen,  the  salt  loses 
mi 
no 
: 


*  Tht.'  rnduopil  Bilv«r  may  bv  dried,  stiii  oaxt  iuiA  'mf^otm  if  dnirrd,  Tlif 
mctfti  i*  Tc-dae-d  ID  Inritr'  qiiHniities  for  commeroial  purpotps  in  tJiis  naaftn*. 
It  ii  not  ni)fc)liil4T]y  purn,  nnd  thvroTorv,  for  (telimt*  pU«nUit*l  operUtoiWi  il 
lUtdcreocs  the  t\irth<T  iitocew>  of  v'^^^i^st''*"  <lo»crilM'd  in  tb*  tpxl, 

t  Tho  wa«hcd  cbkrvW  xn^'C  n\M>\n;  T<;4Mi;«i  mAViwjX  Si!fiiti»U^  }r^  funou 
irith  about  half  ils  weijU'.  oi  iiicA  >;M>a'>ttaW  o\  «A%, 
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■I  a  compounil  'n  jirodiiccd  which 

w-tUi   it  n  bnfwii   solution, 

*>fMtdo  of  silver  is  pre- 

'-▼ilrochloric  wild 

olhcr  aci<lB, 

;.■  silver,     A 

.!*o  oblaint^ 

-11^  KtliitioQ  of 

(lie  liquid: — 

i  NaO.AsOj. 

■  viiU*  may  be  procured 
'  -oliition  of  tlie  tiitnite 
ilratcd  oxide  falN,  which 
at  a  temperature  shore 
oxygen  below  n  red  beat, 
»1nte.  I>i)(ht  alito  reduce* 
.  >iinilBr  effect;  cod toet  under 
I  nl»a  deprives  it  of  oxyi:cn. 
;  it  romhiiic-s  casilj'  with  acids, 
'  '  :irc  iD(>mor[ihoii«  with  the  or- 
><riii%  with  nitric  acid  a  salt  which 
I  111  litinua.  It  ii  slightly  wluble  iu 
'  iiuinicatcs  a  feebly  alk&lino  reaction. 
'■\\  the  fiiwihle  sihcatcs,  and  i»  wmc- 
r-i;  a  yellow  glass.  Potash  aud  »od« 
■■tr,  bm  it  i»  frixdy  Mjhiblo  in  iimtnonin,  nnd 
•<tv  to  the  air,  deposits  a  black  micatieoiis 
K-rfully  c-xplosirc,  and  which  Imi'  pcceircd  the 
»dver. 
iiff  Silver  i»  alw  proilucod  if  a  concentrated 
ma  be  digested  for  some  hours  upon  freshly  pre- 
t}f  "ilver^  »  black  i>owdcr  is  formed  which  is 
minalo  ijuaotitics  ou  separate  pieces  of  liltcrin|; 
i.mu  comijfmnd  is  formed  on  precipitating  an  ammo* 
Tnitrate  or  chloride  of  silver  by  the  addition  of  pot- 
ry  to  W  awiirv  of  the»e  facts,  as  it  is  a  mu^t  dan- 
Atea,  anil  mifjht  be  produced  uniutentionally.  Friction 
pvcii  ulifn  under  water,  occasions  it  to  expluilc ;  and 
I  (Iflottittioi)  orteii  oociu's  without  any  assignable  cause. 
jJBtely  docompusti  it  into  uu  anmoniacal  salt,  and  tlie 
•all  (if  «i!Ycr.  Tlie  cnnipiLiitii^n  of  this  Iwily,  owing 
cli:trui-i'-r,  has  uot  bccu  accurately  determiucd,  bat 
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it  is  gTDtT&IlT  supposed  to  bc  &  nitride,  nmilar  to  Uiat  which  b 
obuitnable  from  merctiry. 

Prnxide  of  Silvrr  (AkOj=i14)  ;  Sp.  Gr.  5-474.— This  oom- 
pound  is  procar»]  iii  <lark-gref  aciciil»r  cn-ataln,  vhen  a  dilate 
Mlution  of  nitrate  of  silver  is  decomposed  by  mcaDs  of  tlic  voltaic 
puiTCnt.  The  peroxide  of  wWcr  iKiCiimHliitfst  ujx>n  the  poritin 
plate,  hut  it  always  retains  a  certain  quantity  of  undcoampoaed 
nitrate  of  silrcr.  It  is  n  conductor  of  the  vollaic  cnrreuL  Acidi 
dccomjiose  it,  forming  a  siJt  of  the  protoxide,  whilst  oxygen 
c*onpe».  It  is  uUo  decomposed  by  ammonia,  with  eflern 
owiug  to  escape  of  nitrogen. 

(800)  SuLPHioK  or  Silver  (AgS  =  ii4)i  Sp.  Gr.  j-a. — ^TTiis 
compound  is  the  principal  ore  of  silver.  100  parts  of  this  sul- 
phide contain  12*9  parts  of  sulphur  and  87-1  of  silver.  It  t) 
found  native,  somctimeft  cryiit  alii  zed  in  cubes  or  octohe<lraj  it 
otlicr  times  massive.  It  has  a  Icodcn-gR-y  metallic  lustre,  from 
which  it  derives  itn  mincralogie^l  u»iiic  of  gUeer  glance.  Sulplnde 
of  silver  is  isomorphous  with  subsulpliidc  of  copper,  and  ►ooK-tiaies 
diNiilaces  it  in  certain  niiucrnlit,  Much,  for  example,  aa  polybasit^ 
and  fahlerz,  or  grey  copper  ore  (741). 

Silvi;r  ha-v  a  very  powerful  athnity  for  sulphur.  The  metal 
becomes  taniifrhed,  owing  to  the  formation  of  a  film  of  sulphide, 
if  it  be  cx|)osed  to  the  action  of  sulphuretted  hydrogen  in  lbs 
gaseous  stale,  even  though  largely  diluted  with  air;  and  a  hlaci 
t>pot  is  immediately  produced  upon  it*  surface  hy  contact  with  a 
solution  of  a  sulphide  of  one  of  tite  metals  of  the  alkalies  or 
nlknlinc  earths.  Sulphide  of  silver  may  be  prepared  by  tram- 
niitiiiig  a  curri^nt  of  Kulphureltcd  hydrogen  through  solutions  of 
the  salts  of  silver,  in  which  it  forms  a  black  precipitate;  or  it  nay 
be  obtained  hy  heating  miIvct  with  an  excess  of  sulphur  in  t 
covered  cmeible.  The  sulphide  of  silver  fuses,  and  forms  a  dark 
grey  crvatalline  mass  as  it  cools,  aud  the  excess  of  sulphur  is 
volntilizcd. 

Sulphide  of  silver  is  soft  enough  to  allow  of  its  being  cut  with 
a  knife;  it  also  poascssea  sufficient  malleability  to  receive  imprei' 
sions  from  a  die.  It  is  not  a  conductor  of  the  voltaic  cnrrcnt  wfaea 
cold,  but  if  heated  it  readily  tninxinit-t  the  current  without  mulcr- 
going  decomposition.  It  is  easily  fusible,  and  tf  heated  in  closed 
vessels  may  Iw  melted  without  becoming  decntn[)os«d  ;  but  if 
roasted  in  the  air,  the  sulphur  is  gi-adually  oonwrtcd  into  sul- 
phurous acid,  aud  meTalltc  silver  is  left :  during  tliis  oi>erat>oD  a 
portion  of  it  isi\iiwa\\y  C"\iNC,tU-i\\M\o»vi\\Jtia.\Riiit*Uv€T,  which  after* 
runls  requires  au  cVcNaleA  teinv:x^V«iit  Vst  A*  iw»MMi««»!«*«u 
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alpliiilu  of  silver  ia  decomposed  vheii  boitetl  witli  couccn- 

Milpliuric  nciA,   Kulplmroua   acid   and    sulpli&lc  of  silver 

Wmcd.     Strong  nitric  acid  al»o  di.iMilves  it  by  tlie  itiil  of 

Bulling  liydrocblonc  acid    couverts  it  into  cbloHdc    of 

wiUi   evolution    of  itiilpltiirvttcd    liydrogvn.     Ctilondc    of 

'  ooDVcrto  it  into  chloride  of  silver,  witti  tbc  formatioa 

loride  of  copi>er  aiid  su)pliid«  of  cop|icr :  lliis  change  is  much 

ted  hj  the  prcecuce  of  chloride  of  Hodium  in  a.  nioist  state, 

itx  means  both  llu>  chloride  of  silver  nitd  the  Ktibchlortdc  of 

arc  dissolved  at  the  moment  of  their  formation.  These 
m  beootiH!  im|x>rtaut  in  the  eUroctiun  of  silver  from  its 
J<)0).  Sulphide  of  silver  is  al»o  decomposed  when  heated 
lie  aDtAlicH,  uiil  a  »iiiiilar  cRVh:!  is  produced  by  igniting  it 
tno,  copper,  lead,  and  many  other  metals. 
iI[)bido  tifnilvcr  i»  nut  soluble  in  solutions  of  the  sulpbidcsj 

ftlkaltDD  metals;  but  it  may  be  made  to  unite  with  many 
metallic  aulphidcn  when  fused  with  tbctn.     A  native  com- 

of  this  description  in  fotnid  in  red  tilnrr  ore,  which  is  a 
:  sulphide  of  silver  and  aulimoiiy,  jAgS.SbS,.  In  this 
il  A  [Kirtion  of  sulphide  of  nutimony  is  oflcn  di>place<]  hj 
do  of  arsenic. 

l)  Cni.ouiucs  OP  SiLven. — Tlicre  arc  two  chlorides  of, 
tbe  subchloride  A^Cl,  and  the  protoddoridc,  AgCl. 
^Murule  of  iHlver  tAg,Cl}  doen  not  appear  to  have  been 
cd  in  a  pcrfcctl)-  pure  form.  It  u  usually  directed  to  be 
ed  by  digenting  learca  of  pure  silver  in  a  w>lutio»  of  ddoride 
Krt"  or  uf  jici-ehloridc  of  iron ;  it  forms  black  scales  which 
It  acted  iijfon  by  lutrie  nci<l,  but  arc  resolved  by  uinmooia 
iloridc  of  silrcr  and  metallic  silver. 

fonVr  of  StViW  (y\gCl=  143-5)  ;  ^P-  ^''-  5'.1.52-— Tti* , 
und  is  found  native,  either  cryslulliied  in  cubes,  or  as  a 
;t  sum i-traitx parent  mass,  known  by  the  name  of  hora  nlver. 
rta  of  this  compound  contain  75'27  of  silver  and  24*73  ^^ 
It  ia  procured  as  a  Aciwc  vhitc  llocctdent  pn-cijiitatc 
iiig  hydrochloric  acid  or  the  ftolution  of  any  chloride  to  a 

salt  of  silver :  when  moist,  it  quickly  assumes  a  violet 
by  rxpoturo  to  the  suu'»  light ;  a  tumilar  diaogc  is  pro- 
[raflunliy  by  diffused  daylight.     The  subchloride  appears  to 

ed   uudcr  these    circunistiuiccs,  and  chlorine  is   set  free 


1«  of  ailvcr  rorms  with  th«  tii1f>liiilo  s  yeWaw  compouiKl  (2  AeS, 
,  ttui)lubl«  in  i^>lil  nitric  sHd,  but  it  it  dccoiU[>7i«d  wlion  wMiivd, 
qiewat«r.     h  in  Ipfl  in  tlwiformof  aycllowpowdfrwliMimilTWi    - 
^liiii*  ia  disMtlvcil  iu  wum  ailric  acid  uf  ip.  gr.  shout  vt. 


Italo 

■J 


CBLOXIUE   or  «uv». 

If  tho  chlorides  be  moifiu-ned  irith  a  solutioa  of  nitrate  of  silver  ud 
expo«C(l  to  tbc  eiin  in  a  tliia  layer,  a  stroug  otluur  of  lijrpoclUoiOiiE 
acid  iR  immwliiitely  <ieveIoi»ed. 

Chloride  of  sili-cr  ia  insoluble  iu  putx;  water,  mnd  iu  all  Ibe 
diluted  ncUls.  A  Kotiitioii  of  iiilvcr  coutainiiig  not  more  tbao  I 
part  of  tlic  metal  id  sco.doo  of  water  is  imoK^iatclj:  rcudcred 
opalcHCCiit  by  the  addition  of  byilrocliloric  acid.  Chloride  of  silTcr 
is  however  taken  up  by  boiling  hydrochloric  »dd  and  by  stroi^ 
solution:*  of  the  cUluridc*  of  inctalu  of  the  alkalies  and  alkaline 
cartba,  with  which  it  forms  crystallizabic  double  salts ;  they  arc 
dcconiponed  if  their  t>olutioiiK  lire  diluted ;  advantage  ia  iakea  of 
this  circumstauce  in  the  extraction  of  silver  {note,  p.  709).  ChloriiJe 
of  silver  i»  dec.om|K)»cd  by  digeMtion  with  a  solution  of  bromide  or 
of  iodide  of  pota^siuin,  bromide  or  iodide  of  silver  being  prodticed, 
while  chloride  of  putiw^ttum  is  obtained  iu  ^olutioii.  Field,  who 
made  this  ob.iervation,  has  proposed  to  employ  it  for  deter miuinj; 
the  proportions  of  cbloriiie,  bromine,  and  iodine  in  the  analyiUof  ■ 
mixture  in  which  they  ocenr  together. — Q.  J.  Ckem.  Soc.,  x.  2j6. 

Chloride  of  stiver  melts  at  a  temperature  of  about  500^,  and 
when  strongly  heated  is  partially  volatilized;  on  cooling  it  forms 
a  horny,  scmi<tnin»parcnt,  sectilc  muss.  It  is  not  docompoacd 
when  heated  with  carbon ;  but  w  cavily  ri>duced  by  hydrogieti  if 
it  be  heated  in  a  current  of  the  gas,  hydrochloric  acid  beii^ 
formed,  whilst  tnetidlic  silver  is  set  free :  tmic,  and  iron,  atul  many 
of  the  easily  oxidizable  metals  also  reduce  moist  cblorido  of  sUvtr. 
On  llic  hirgc  scale  tbisprocc-ss  is  turned  to  ueconiit  in  tlie  rcRDing 
of  silver  (797)-  It  is  not  necessary  that  the  chloride  of  silver  be 
freshly  precipitated,  though,  if  it  be,  the  operation  is  more  rapid ; 
if  a  eako  of  the  fused  chloride  be  laid  upon  sine  or  ou  iron  and 
covered  with  aciduliitcd  water,  it  will  after  some  days  be  com- 
pletely reduced  to  a  spongy  mass  of  metallic  silver. 

Weak  nIkaUnc  leys  do  not  act  upon  chloride  of  silver,  but  if  a 
eoncentnitcd  solution  of  potash  be  boiled  upon  it,  chloride  of  potaa- 
sium  is  formed,  and  it  den^^c  black  oxide  of  silver  10  produced; 
the  addition  of  sugar  to  this  ntixtnrc  reduces  the  oxide  rapidly  to 
the  state  of  metallic  silver.  A  solution  of  ammonia  dissolves  the 
chloride  freely,  and  dc|iosits  it  again,  by  cvaiKiratiou  at  ordinary 
temperatures,  in  transparent  colourless  crystals ;  if  the  solutioa 
be  boiled,  fulminating  silver  is  deposited.  The  solid  chloride 
absorbs  ammoniacal  gas  rapidly,  and  leaves  it  unaltered  Mhen  heat 
is  applied  (311).  When  chloride  of  silver  is  ignited  with  the  car* 
bonntes  of  tbe  aW&Vie»,  cXAovk&es.  cX  vWu  baaea  are  formed  and 


iiiutMii>x,  laniDX,  AHD  rLtoKinc  or  siltbb. 
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■  M  Ii!fl :  ttiU  reoctiun  fumiwlips  a  means  of  procumg 
Utiea  of  tiilvcr  in  a  state  of  imrity ;  AgCl  +  NaO,COj  = 
>i+0  +  Ag.  Cblorictc  of  bUtcf  is  soluble  iu  solutions 
i]rputulptiiu>4,  forming  compoundit  of  ui  intrnscl}-  sweet 
evaporating  these  solutioDs  crystalline  double  tijrjKWul- 
tj-  be  procured  (348).  Cyiuiidc  of  potassium  likcwtM:  <li)t- 
iibrUtc  of  silver,  forming  chloride  of  jwlatuiiiim  and  a 
cyanide  of  iiilvcr  and  potasTiiiim.     Tbc  solulilo  sulphites 

»e  cUoride  of  silver. 

Midi:  or  Silvkh  (AgBr=i88]  constitutes  a  rare  mineral 

hceii  found  in  (!hili ;  lint  it  occnr*  in  eombination  with 

of  silver  in  varijiWc  proportions  in  tolerable  abimdBUCc 

ine  of  Chuiarcillu,  in  Ataciiiaa.      The  bromide  may  be 

iKeislljr  by  adding  a  solution  of  bromide  of  pata^sium 

nitrate   of  silver,      too  parts  of  thi>  compound  contain 

bromine  and  5744  of  metal.     It  is  of  a  yellowish  colour, 

^le  iu  water,  and  1.1   much   leu  soluble  in  ammonia  than 

Acids  do   not  dissolve  it,  hut  chlorine  disengages 

bromine  fn>m   it,  ami  cliloride   of  silver   in  produced. 

of  Biltcr  fnses  below  a  red  heat.      It  is  soluble  in  a  con- 

•olution  of  bromide  of  poIaKxium,  and  in  otlicr  bromides, 

leh  it  forms  double  salts,  which  are  decomposed  by  dilution 

Both  the  bromide  and  the  iodlile  nf  nilvcr  arc  solublo 

iQ  of  kypodulphite  of  soda. 

loniUK  or  SiLVKu  (Agl  =  335;    Sp.  Or.  5-5)   i«  found 

,  mixed  irith   carbonate   of  lime,  native  silver,  and  siiU 

[leul.      U  Ruiy  be  procured   artificially  by  precipitating  a 

of  the  nitrate  of  silver  by  otic  of  iodide  of  [lotaiisimn,  when 

ilow  floeculont  dt;pout  occurs,  which  is   but  slowly  acted 

;l)t,  is  insoluble  in  acidw,  and  almost  so  in  ammonia.      It 

be  obtained  by  acting  upon  metallic  silver  with  hydrioillc 

disaoKes  the   metal  with  evolution  of  hydrogen,  and 

deposits  six- sided  prisms  of  the  iodide:  too  parts  of  iodide 

contain  34*04  of  iodine  and  45'9'S  of  siN-er.      It  Tuiot 

a   mass  which  becomes  yellow  and  opatinc  un  cooling, 

poaed  by  xine  in  the  preacnoc  of  moivtnre.     Chlorine 

the  iodine  from  the  salt.      Iodide  of  silver  is  solnblv  m 

ution  of  hydriodir  acid,  n'hich  on  cooling  deposits  flaky 

a  ciimpound  of  tbc  acid  with  iodide  of  silrcr  (Agl,lll). 

is  likewise  soluble  in  oonoentrntvd  ttolutions  of  iodide 

am. 

tff  Siiwr  (AgP=i37)  is  (Vcely  soluble  iu  waterj  it 


*5D  KltUTB  Ot  SU.ffBB< 

the  otMv  or  tlic  carboiiite  aft 

bat  it  is  jurtially  dccom|iOMd  ont 


c  gou  I 


Of  Silver  (AgO.  S0,=  156);  i>. 

•  boQed  with  sulpliuric  acid,  &  porttou 

aul  pves  (u;gen  to  the  nlrcr,  wbicli  ii 

fbilfl  sulphurous   scid  CMapea:  tlic 

te  ocvn   of  lu'itl.  l)ut  U  depositod  iii  grm 

mut  of  vster,  of  which  it  requires  90  time*  its 

It  nsT  be  oblaini-d  in  kriuII  ihotuhie  pnnuu, « 

I  «itb  those  of  >iul|iliatc  of  soda.    Tlicj  fu>c  nai 

vmi^i^tiMi  tlw^p  require  a  tcnipcmtun:   highir 

'o  (kvonpoM  the  sulphates  of  irou  or  copper,     t^ 

SidmII  qiiitnti  tic«  of  gold  are  ecpariitcd   from  itlv 

■•  settle,  by  boiling  t  yart  of  the  allojr,  tiiu-lv  j^raDobli 

II  rvHfcU  with  2^  parts  of  oil  of  vilhol ;  the  gold  i 

t*a  fiae  pomler.  The  solution  ofkilrcr  is  aflcrw 

•pabHc  gravity-  of  i  'zoo,  introdocei)  laUt  kadcti 

•  -ncipitatcd  in  the  metallic  form  frotu  tbe  ml 

ijpper.    This  proccM  has  been  eoonomicallj' 
hmMq  of  the  gold  coulaincti  iii  old  silver  ouiu, 
[nwtMaofgold  did  uot  exceed  t  part  in  2coo.    I: 
jgiUBal;  practisnl  upon  alloys  coul^iuitig  moir  th 
f»m^tiifM  p"'  1000.     If  copper  be  present,  its  pruportii 
.u.  .-*.-»«]  4pcrct«t.orihcmu»;  u  t  her  wise  the  sulplu' 
->  sparing  aolululity  iu  the  odd,  iniiiodc* 
(olphateof  gitrcr  absorbs  t  equivaleiiiof 
A  ht>t  solution  of  nmrnouta  dissolves  llie  salt 
11^  deposits  crystals  composed  of  (3  il,N,AcO,S 
.He*;  XiTiuT«  OP  SiLvtB  (AgO,NOj=ii7o)i  Sp. 
"hiM.  .flU  L»  rvsdily  formed  by  dissolving  silver  in 

L-kL     If  fttaiidunl  silver  be  employed  to   its 

■■'V]«r  is  cosily  sejiam-    '  tolutiua  Ij 

:  ■■;;  [ireciintatcd  oxide  <.:  ..         ii  ituy 

;ui^  a  portion  of  the  nine  solutiua  fqr 
-iw   praripitalc,  the   presence  of  u&idc  of 
t^ic      too   {virts  of  llie  uitrate  euiit&in   1 
'  13  of  onide  of  silver,  or  6j'5i  of ' 
11   k(|itun-,  nilourkM.  anhydrous  l»U 
<.')ii  (if  cdtd  water  tor  Ktlutmu. 

nrth  of  its  weight  of  the  salt,  but 
n.r  nilrstc  fnsn  at  4:6°  wU 


'U 
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camlic  employed  by  bui^cods  &s  nu  twharotic.  By  a  more 
elevaUtl  tcmporaturi;  it  in  ilet»miio&ecl,  uitiitc  of  silver  is  produced, 
Bud  At  a  atill  higher  temperature  metallic  silver  is  left. 

Nitmte  of  eilvpr,  when  pure,  undergoes  uo  change  by  the 
actiou  of  light;  but  it  ie  readily  decomposed  by  the  eombiocd 
BCtioii  of  light  and  or^itiiic  mutter,  which  it  usually  stains  black. 
The  stain  thus  produced  cannot  be  removed  by  washing  with  soap 
and  water;  from  this  property  it  hii»  been  employed  a&  the  basics 
Bf  an  ink  for  marking  linen,  which  may  be  prepared  as  ToUowx ; — 
Dittolvc  2  drachma  of  nitrate  of  silver  and  i  drachm  of  gnni 
u^ic  in  7  drachms  of  water,  and  colour  the  liquid  with  ludian 
ink  (Brandc).  It  is  requisite  to  prcparo  the  cloth  first,  by  moist- 
etiing  tlie  spot  to  be  marked  with  a  solution  of  carbonate  of  soda, 
(rbtcb  is  alluivcd  to  become  dry.  This  preparatory  wlutiou  may 
CotLsUt  of  3  onnocit  of  cryst;dllxed  carbonate  of  soda,  and  3  drachms 
of  guoi,  disnolvcd  in  4  ounces  of  water.*  The  black  ataiiia  of 
Mitr«tc  of  silver  may  be  removed  from  tlie  hands  or  from  Uncn  by 
the  employmeDt  of  a  strong  solution  of  iodiiiu  of  pota^tum ; 
Cyanide  of  potassium  is  still  more  effuctua).  Dry  nitrate  of  silver 
absorbs  3  equivalents  of  ammonia,  and  if  ammoniacal  giw  he  passed 
Into  a  coneeiilrated  solution  of  the  salt,  crystals  haviug  the  compo- 
Bilion  (j  HjN,AgO,NO,}  are  deposited. 

\Vheii  nietallic  silver  in  fine  powder  is  digeHted  in  a  solution 
of  nitrate  of  silver,  it  is  dissolved,  and  a  yellow  solutiou  is  formed 
analogous  to  that  obtained  when  leail  is  similarly  treated  (766). 

(805)  Trijf/40»p/uile  0/  Silver  (5  AgO,P05=4i9 ;  Sp.  Gr. 
7'32i)  ill  of  a  yellow  colour,  which  is  speedily  ehniiged  by  the 
action  of  light.  Tiie  salt  is  very  soluble  in  excess  both  of  nitric 
acid  aiHl  of  ammonia.  It  is  easily  procured  by  precipitating  a 
aotution  of  the  unlinary  phosphate  of  soda  by  one  of  nitrate  of 
^Iver ;  it  fuses  if  heated  alravc  redness.  Tlie  fiyrujifnigjiiuile 
p[2Ag0,P0j)  is  obtained  in  like  manner  by  precipitating  the 
bitratc  of  sUvcr  by  pyrophosphate  of  sods ;  it  is  a  white  precipitate 
Uowly  darlicned  by  light,  and  is  easily  fusible.  The  meiaphos- 
thale  (AgO,l*0J  is  obtained  by  precipitation  from  the  nitrate 
»f  silver  by  the  mctaphosphatc  of  sodn  ;  it  fonn.«  a  gelatinous  mass, 
rhich  softens  even  at  a  ht^t  of  :i-%  and  is  soluble  iu  excess  c^ 
Urate  of  silver.  Ifboiling  water  be  poured  upon  tliia  precipitate, 
t  fiii«9 ;  acid  is  removed,  und  a  >ubmetapiio«ip!iaIc  is  left,  cuusist- 
Bg  of  3  AgO,3  POj  {Graham). 

*  A  »o1atioti  of  eosi  tar  in  nnphlhn  fornifl  a  nbonp  ind^libl^  markinR;  inlc, 
Lich  tcMl*  the  attioa  of  cJiloriDC,  aud  is  used  \>s  \)\<;w:\i»:T»  Xo  vn.M* '&i'i\t 


J 
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white  carbouate  of  silver  insoluble  in  excess, 
iiate  of  ammonia.  Sulphurelted  hydrogen 
ammonia  give  a  black  precipitate  of  sulphide 
in  ammonia  or  in  the  sulphides  of  the  alka] 
most  characteristic  test  is  the  action  of  hya 
soluble  chloride,  which  prodacea  a  white  cur 
ride  of  silver,  insoluble  io  nitric  acid,  but 
monia;  it  is  also  soluble  in  hyposulphite  { 
forms  an  intensely  sweet  solution ;  cyanide 
solves  it :  chloride  of  silver  speedily  assumi 
exposed  to  light ;  this  change  is  impeded  b 
chlorine  as  well  as  by  that  of  free  nitric  acii 
the  admiiture  of  a  small  proportion  of  chlori 
or  bromide  of  potassium  gives  a  yellowis 
iodide  or  of  bromide  of  silver,  sparingly  solu 
drocyanic  acid  and  cyanide  of  potassium  giv 
pitate  of  cyanide  of  silver,  which  is  soluble 
potassium,  easily  soluble  in  ammonia,  inso 
acid,  but  soluble  in  boiling  nitric  acid  if  com 
chromic,  oxalic,  tartaric,  and  citric  acids  al! 
pitates  with  salts  of  silver.  Indeed,  silve 
number  of  insoluble  salts  than  any  other  n 
all  neutral  in  composition,  and  generally  of  i 
Most  of  them,  however,   blacken  when  ex] 
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^B  pracijntAte  ulver  (mm  itssolntiou*.  Phogpfiartu  \iecomca 
^prJtU  niL-tallic  silver  if  placed  iu  a  solution  of  any  of  its 
r  A  soliitiou  of  jirolotaiii/iate  f}f  iron  also  prcciptutcs  silver 
H  BietJillic  runii  fram  its  solutions  if  tlief  do  not  contain  free 
kicid.  If  a  solution  of  ammonia-iiitrati;  of  sUvt-r  Ix:  addcti  to 
■^mtMnlphatc  of  irou,  an  iutcusoly  black  precipitate  (Ag,0, 
P^pjO,  \  H.  lUwe)  M  ])n>duced.  lliis  reaction  ts  rxtrcmcly 
ItJre  fur  vcrj'  small  quantities  of  iron.  It  is  not  improbable 
tfaia  compouud  \*  formed  vrlien  i>rotOHiilplinlc  of  iron  is  lued 
aping  the  latent  image  on  tbe  photographic  plate  (S84). 
con)i>ouudD  of  silrer  exhibit  a  Ins  strongly  marlccd  ten- 
rorm  double  salts  thau  is  tlio  case  with  the  other  noble 

^)  Bilimatton  of  Silver. — Silver  may  be  estimated  cither 
iclallie  state,  as  in  the  process  of  cupcllatioa, — or  in  the 
chloride,  loo  partit  of  which,  after  fusion,  corrcNpond  to 
t  nf  the  metal.  This  precipitation  is  best  clfcGtcd  by  acidu> 
■Bto  lir]uid  with  nitric  at^id,  and  adding  hydrochloric  ncid  in 
ffcccsa.  After  the  prtxripitatc  has  been  rollcctcd  and  dried, 
lid  be  detached  from  the  filter,  and  fuMid  in  a  porcelain  cap- 
[00  burning  the  filter,  the  portions  of  chloride  retained  by  it 
partially  to  the  iDetallie  state  by  the  hydrogen  oftho 
the  ash  must  therefore  be  moistened,  first  with  qitric,  and 
hydnxihlortc  acid,  to  rtxronvert  it  into  chloride :  tlic 
a<'td  must  afterwards  be  eipdleil  by  lieaL 
Stfparation  of  Slffvr  from  other  MrtcUt. — This  is  readily 
means  of  hydrachlnrie  actd.  If  lead  be  preaent,  the 
list  be  diluted  largely;  slioulil  mercury  be  in  tolntioa, 
Ibe  converted  into  a  salt  of  the  red  oxide  by  boiling  the 
^th  nitric  acid,  aller  which  the  silver  may  be  preeipitato(k 
of  chloride. 


^  III.  Gold  (An=)96'6).  Sp.  Gr.  19'J4< 

\)  Tots  valualdc  metal  has  been  prized  from  the  earliest 
world.     It  is  found  iu  stnall  qiuintities  in  nuiuerous 

p,  and  always  occurs,  in  the  native  state,  cry^tatlixed  in 
Ailtnlra,  or  tctrahcdra,— or  in  plates,  in  ninified  inawes, 
joles  or  nuffffftg,  vhich  sometimes  weigh  many  pouitda.* 


■Jmnn  nfntt'rp  ffold,  nosrlj  fn-o  ffomcarlliy  fmpuritl««.  frcm  tke 
'  1.  w^gliiag  1J43  (IE.,  u'ns  exhibited  in  Enclnnil 
itiU  lugecr  massw  have  bi>«ii  fmuai  fulMfqoeuilK, 


It 


■porftK  ffifRr  ttom  those  reqtrfToJ  '&r  i^W^ 
being  for  the  tnoet  port  purely  roechanica 

Much  of  the  gold  in  cirnilatioa,  lioEi 
dc|XiMU  in  Austrolia  and  California,  was 
pyrites.  Thia  mineral  is  cooinclj  pulvcri! 
roasting,  and  wwhed:  the  hcsvier  pKrdd 
arc  •.■xlroctcd  from  this  concentrated  portii 
excess  of  mercury  being  sejivated  by  diMi] 
vc  adopted  for  vaahing  the  anrifcrons  i 
openitioii  it*  imuilly  performed  by  negKM 
the  ore  under  6at  stones,  agitate  it  in 
dtihes,  separating  the  lighter  portions  w 
Europe,  the  pyrites  is  ground  and  anu 
structed  fur  the  pur|)09C.  Those  who  mi 
aelcct  some  spot  ut  a  bend  of  the  stream 
to  he  hlaek  or  reddish ;  as  it  is  hcrCj  if  m 
found.  The  most  faroursble  time  ta  wt| 
ding  alter  storms  or  lieaTj  rains ;  the  aai 
by  washing  it  iu  shoUov  vcttcis,  or  dsc 
through  a  successioD  of  troughs.  Ata^ 
resorted  to,  and  th«  product  is  distiUedj  | 
COBS  for  oblftiimig  silver. 

(8io)  Projiciiits. — Gold  is  of  arid) 
metallic  lustre.  It  is  uot  rcmorkablo  for  1 
iu  a  pure  stato,  nearly  as  aoft  as  lo^d 
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vpoa  a  dilute  solutiau  of  cyanide  of  potassium.     Faraday  found 

that  such  a  film  wfhoii  nttiiclicd  to  a  plate  of  gl>u>«  still  retained  its 

power  of  reflecting  yellow  light  and  transmitting  green :  if,  how- 

ever,  tlie  lempcnitHre  were  mnintaincd  for  a  short  time  at  u  point 

not  exceeding  600"  F.,  the  metallic  luatre  disappeared  entirply,  and 

tbe  transmitted  light  became  of  a  pure  ruHy  red.     The  prt^surc  of 

agate,  or  of  any  hard  body  upon  the  film,  changed  the  colour  of 

tbe  transmitted   light  at  that  spot  again  to  green.  (PhU.  Trant. 

1857.)      Gold  fusoH  at   a  temperature   of  2016°.     It  cannot  be 

.advantagcouely  employed  for  castings,  as  it  shrinks  greatly  at  the 

nBOmeiit  of  solidifying.      It  is  but  very  slightly  volatile  in  the  bcut 

of  the  furnace,   though  by  a  powerful  electric  discharge,  by  the 

conoeiitration  of  the  nun's  rays  with  a  large  convex  lens,  or  by  the 

intense  heat  of  the  oxyhydrogen  jet,  it  may  be  dispersed  in  purple 

Tai>otint,     It   is  one  of  the  most  perfect  conductor!*  both  of  licnt 

and  of  electricity.     Gold  snflers  no  change  by  ex|)osure  to  air  and 

mointurc  at  any  temperature.     None  of  the  simple  acids,  with  the 

exception  of  tbe  sclcnic,  have  any  eHect  upon  it,  but  it  is  dissolved 

by  any  mixture  nhtch  lihi^rntcs  chlorine.     Its  nsiial  solrcnt  is  aqua 

rcgia,  which  for  this  purpose  is  generally  prepared  by  mi.ving  i 

part  of  nitric  acid  and  4  parts  of  hydrochloric  ucid.     The  alkalies 

do   not  affect  it;  a   crucible  of  gold   ia  conseiiucntly  a.  valuable 

instrument  in  the  analysis  of  mioeraU  which  require  fusion  with 

the  cJiustic  alkaiic*.     The  metal  combines  directly  with  fluorine, 

chlorine  and  bromine,  without  the  aid  of  heat,  and  with  phospho* 

ni8  when  heatci). 

(811)  Preparation  of  Ftne  Gold. — Gold  is  best  obtained  in  a 
state  of  purity  by  disiolviiig  tbe  metal  iu  aqua  regia,  aud 
eva[iorutiug  tiie  solution  of  chloride  of  gold  thus  obtained  with  an 
excess  of  hydrochloric  ncid,  for  tlie  purpose  of  destroying  the  excess 
of  nitric  acid  :  the  solutiou  is  then  largely  diluted  with  water,  and 
decanted  from  chloride  of  silver,  which  i.'*  thus  precipitated.  A 
solution  of  protoKuIphate  of  iron  is  next  prepared  and  added  to  the 
Bolation  of  chloride  of  gold  :  1  part  of  gold  requires  between  4  aud 
j  parts  of  tbe  cryntalliKed  prutosnlpbate.  Metallic  gold  is  thus 
precipitated  in  the  form  of  a  finely  divided  powder,  which,  when 
siupcnded  in  water,  in  brovfn  by  reflected,  but  purple  when  viewed 
hj  transmitted  light.  The  rcactiou  which  occurs  between  the 
chloride  of  gold  and  the  protosulphate  of  iron  is  reiiresentcd  in  the 
aonexed  equation  : — 

6  (FeO.SOj)  +  Auas=2  (FejOg.j  SO,)  +  PcjCl,  +  Au. 

Fm'  commercial  purposes  it  would  l)e  eufRac&t.  woii  \»  <ii^*s^ 


i 


73^  VSES  or  FINE  OOLI>— eiLBIKO. 

tliv  gold,  diy  it,  and  after  fusing  it  witb  borax,  to  cast  it  into  in 
gots;  but  when  required  to  he  perfectly  free  from  wivcr,  tho  gold 
is  not  melted  at  this  stage,  but  the  precipitated  metal  is  boiled 
with  hydrooiiloric  acid  of  sp.  gr.  ri.  The  acid  in  divanied,  soil 
the  rc»idae  is  boiled  twice  with  fresh  acid  without  washing  the  gold 
between  there  succet^Nivc  iidditioiiw  of  acid.  The  last  traces  of  iron 
and  uearlj*  all  the  chloride  of  silver  arc  thus  remoTcd.  The  gaU 
is  then  wa«hod,  dried,  and  mixed  with  its  own  weight  of  bisulphiU 
of  potash,  snd  fused  in  a  Hei^aiau  crucible.  The  last  [wrtioiu  of 
chloride  of  silver  arc  thus  reniorcd,  and  the  gold  is  perfectly  pan. 
When  thus  prepared  its  surface  often  exhibits  a  crystalline  appcar- 
nnce,  being  embossed  with  aggrvgationa  of  tetrahedra  if  tlic  meul 
be  allowed  to  cool  nluwly. 

Lcvol  prefers  to  precipitate  the  gold  from  an  acid  solnticn 
of  its  chloride  by  nieantt  of  an  acid  volution  of  tcrcliloride  of 
nutiroony  t  3  SliClj+a  AuCIjSj  ShClj  +  a  An.  The  hydroehlorio 
Eoliitiou  retaius  auj  traces  of  chloride  of  silver  wliieb  niaj  be 
present. 

Uses. — Gold  is  employed  in  its  finely  divided  state  for  gilding 
porcelain,  which  is  first  painted  with  an  adhei^ive  raniish  and 
allowed  to  Iwcomc  partially  dry ;  the  powdered  metal  is  then 
dabbed  ou  with  n  dry  pencil  (haviu;;  been  preriously  mixed  with  a 
fuciblc  enamel),  after  which  the  article  is  fired ;  the  gilt  porlioii* 
are  sulmequcntly  burnished,  and  take  a  high  polish.  It  commn- 
nicatcs  a  line  ruby  colour  to  glass,  and  is  the  colouring  ingredient  in 
the  beautiful  red  glass  manufaeturcd  in  Bohemia.  The  usea  of 
gold  in  tlic  fabrication  of  ornamental  articles  and  in  coinage  ate 
well  known ;  like  silver,  it  is  too  Koft  to  be  employed  in  a  puR 
state. 

(812)  Gitding  upon  woodwork,  papier  m£ch<^  or  plaster  i* 
efTceted  by  means  of  gold-leaf,  which  is  attached  to  the  flurfnce  bj 
an  adhesive  vamisb,  such  us  gold-siKC.  Gilding  upon  metals  ii 
elfccted  either  through  the  medium  of  mercury,  as  in  one  of  tlie 
processes  for  silvering  (79J),  or  by  voltaic  action,  as  in  the  process 
of  c'lcctro-xilvering  already  mcntiottrd  ;  for  this  pur^)o»e,  u  solution 
cither  of  the  cyanide  of  gold  nud  potasuum,  or  of  oxide  of  gold  iu 
sulphite  of  potaxh,  is  used  (878). 

t>ome  jcars  ago,  a  mcaus  of  gilding  by  immersion  was  intro- 
duced by  Mr.  Elkiiigton,  by  which  copper  trinkets  and  stamped 
articles  can  be  coated  with  a  thin  film  of  gold ;  this  melliuit 
has  boen  very  largely  pnictised.  The  pn)cc«  has  been  carcfoUy 
iufcstigatcd  by  Banal  {^Aiin.  de  Chimie,  III.,  xviii.  5).  The 
gilding  bath  ia  pre\iiire4  \i^  iV\'f»Af'mi^  \  y*'^'  '!>'^  ^'»«.  ^eiA.  va,  mju 
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and  ^spelling  tlie  esccas  of  acid  by  craporation  ;  the  chlorid*- 
is  (liHsoh'ed  in  n  smull  quantity  of  whut  ;  lo  tlii*  noliition  30  parts 
ttf  bicarbonate  of  potash  are  gradually  added.  This  liquid  is  tbcii 
paised  witJt  a  wilntion  of  ys  pnrtu  more  of  the  biciirbonato,  dis« 
lolved  in  aoo  parts  of  water,  and  the  liquid  ia  boiled  for  two  bouw : 
during  thi»  operation,  the  bifarlionnte  of  potn.tli  i»  converted  into 
the  scsqaicai-bonate,  and  the  yellow  liquid  passes  into  p-emi  j  after 
this,  (h«  xottition  i^  ready  for  use.  The-  trinkets  Iinving  been  an- 
Dea]ed  are  cleansed  fiom  adhering  oside  by  a  nioincnlarr  immcr- 
lion  in  n  misturv  of  equal  parts  of  sulphuric  ami  nitric  iieids,  to 
vhioh,  wlien  the  gold  ia  intended  to  hai-e  a  dead  ap|>earBncc, 
ji  little  common  salt  is  added.  The  nrticlcn  are  washed  in  water 
and  then  plunged  into  the  hot  gilding  liquid,  where  they  arc  left 
for  about  hn]f  n  minute,  after  which  t\\i:y  arc  washed  in  water  and 
dried  in  hot  sawdusl.  The  layer  of  gold  deposited  in  this  operntion 
{is  alwnys  excessively  thin,  and  cnnnot  be  increased,  because  as  soon 
as  the  alloy  is  once  covered  with  a  film  of  gold  no  further  deposit 
tioQ  occurs.  This  bnlh  may  be  also  employed  for  pilding  on 
German  silver,  platinum,  or  silver,  by  immersing  the  nhjuets  com- 
posed of  these  metals  in  the  liquid  in  contact  with  wires  of  cop|>er 
or  of  xiiic.  During  this  process  of  gilding,  a  remarkable  reaction 
occurs, — the  gold  impnrts  a  portion  of  it"  chlorine  to  the  csce**  of 
potaitb  contained  in  the  bath,  forming  elilnrate  of  jKytaiih ;  proto- 
chloride  of  gold  is  formed  and  is  de^Mjmposcd  by  the  copper,  chloride 
of  ciOpi<^r  being  produced,  whilst  metallic  gold  ia  deposited  upon 
the  surface  of  the  trinkcta:  6  AuClj  +  6  KO  +  12  Cu=ii  O0CI  + 
5  KCl  +  KO,Cl()i  +  A  An.  In  the  conrHe  of  the  operation  a  black 
powder  is  precipitated,  which  contains  hrdrated  carbonate  of 
copper,  mise<)  with  a  small  proportion  of  the  purple  of  Cassins 
derived  front  the  action  of  the  gilding  solution  upon  the  tin  coa* 
tained  in  the  .-wider  of  the  trinkeu. 

With  mercury,  gold  forms  a  scmi-soUd  amalgam  of  a  yellowi»h 
colour,  which  is  soluble  in  an  excels  of  mercury.  This  excess  may 
be  removed,  as  in  the  case  of  silver  amalgam,  by  filtering  and 
squeezing  it  through  dinniois  leather.  It  is  this  amalgam  which 
is  formed  during  the  extraction  of  gold  from  its  ores ;  it  i«  also 
extensively  prepared  for  thf  purposes  of  gilding.  A  combination 
of  mercury  with  gold  (Au,Hg)  may  be  obtained  eryiilalliiced  in 
brilliant  four -sided  prisms  by  acting  with  dilutc'd  nitric  acid,  aided 
by  a  gentle  hi^l,  upon  an  amalgam  of  gold  containing  almnt  1  part 
of  gold  to  1000  of  mercury  (T,  H.  Henry) :  these  crystals  are  in- 
I  voluble  in  nitric  acid. 
I        ISij)  ^/hj/s  of  Gold. — The  doctiUty  ot  goWl  \&  to>i^  toi.\(«x«A. 


hj  ftlloying  it  with  otlinr  metals,  tliough  its  IiardneM  and  ftotiorou»> 
ucss  arc  iucrGoscd :  these  alloys  arc  general!}'  formed  without 
difllcuHv.  if  a  {irojiortioii  of  Un,  of  cobalt,  of  nickel,  or  of  zioc, 
greater  than  2  per  cent,  of  the  mass  be  prcccM  in  the  alloy,  it  a 
unfit  for  coinage;  iintl  »tiU  Mn»II<!r  (jinintitieH  of  lead,  of  antimony,  or 
of  bismuth  render  gold  brittle.  Palladititn  is  a  still  mon.-  iuoon- 
vcnicut  impurity,  »incie  it  not  only  renders  the  goW  brittle,  but  it 
requires  special  treatment  in  order  to  extract  it,  as  it  i»  not  removal 
by  the  ordinary  opcnitio»!«  of  the  refiner.  A  cimilar  remark  u  ap- 
plicable to  the  alloy  of  platinum  with  gold,  timall  quantities  hoili 
of  pluttnuiii  and  of  pallnilium  render  the  gold  nearly  while.  Tbe 
native  alloy  of  osmium  and  iridium  which  frequently  nccompanN* 
the  Cuhforuinn  gold,  docs  not  combine  with  the  mciul,  but  rcinaiii) 
disseminated  through  it  in  distinct  grains  after  the  gold  has  beta 
mdted.  Thevc  grains  occai^ion  much  inconvenience  ;  tliey  otUa 
escape  notice  until  the  metal  passes  throu};h  the  coining  pns*» 
where  they  make  themselves  npparcut  by  their  harduess,  aud  bj 
the  injury  which  they  consequfutly  inflict  upon  the  dies. 

Silver  and  gold  may  be  alloyvd  with  each  other  in  all  propor- 
tions. This  alloy  has  a  pale  greenish-yellow  colour,  which  be 
comes  nearly  white  when  the  qiimitity  of  silver  exceeds  50  per 
cent.  The  malleability  of  gold  is  le-is  dimininht^d  by  the  prvMooe 
of  silver  than  by  that  of  any  other  mctaL  In  the  arts  it  freqnently 
beeonie*  noceNHary  to  »i'p»rate  thexe  tnu  metalH,  snd  this  i«  nnally 
effected  by  the  method  termed  quarlalion,  or  parting.  This  <q)e- 
ration  dejicnds  on  the  solnliility  of  silver  in  nitric  acid,  and  the 
insolubility  of  gold  in  this  liquid.  It  is  necessary  that  the  silwr 
!<honld  jimouul  to  at  Ifiist  thri-t-  time*  the  weight  of  gold,  othcrwue 
portions  of  silver  would  he  mccliauically  protected  from  the  aetka 
of  tlie  acid,  and  the  Kepnration  wnuld  be  incomplete.  If,  there- 
fore, the  alloy  be  found  to  contain  more  than  a  fourth  of  its  weight 
of  gold,  Rufheicnt  silver  in  addi-d  to  reduce  it  to  this  proportioa, 
and  hence  tlic  origin  of  the  term  '  qiiartation.'  The  metals  are 
fused  together,  gninnlatcd  by  lK;ing  poured  into  water,  nud  thcj 
are  then  digciitcd  in  the  acid.  The  gold  is  afterwanis  melted  into 
ingots,  the  silver  m  precipitated  us  chloride,  by  common  salt,  ami 
tlie  chloride  is  rcdaccd  either  by  sine  (797),  or  by  fuoiou  with 
alkali  (Soj).  On  the  large  scale  sulphuric  acid  is  usually 
tutcd  for  nitric  acid ;  it  is  much  cheaper,  and  is  quite  a»  offi 
in  dissolving  the  silver  if  boiled  upon  it  (803). 

The  moat  useful  alloy  of  gold  is  that  which  it  forms  witli 
copper :  it  is  of  ft  redder  colour  than  pure  gold,  and  considerably 
iiarder  aud  more  fas\\)\c,\ivi,\,"\v"i*\c6a  ft,\M:!0\!i  ^n&.vtn&u^^W.     It  is 
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tliis  alloy  ffliich  a  used  for  coinage.  British  standard  gold  con- 
laitu  8'33  per  rent,  of  copper,  or  1 1  [lurts  of  gold  to  i  part  of 
copper.  Tiie  specific  grarity  of  thiB  mixture  is  iJ'iSJ,  tli«  two 
ractats  expanding  a  little  nheit  tliey  unite.  In  France  and  in  the 
Uuitwl  Stutox  the  »t3ti(lard  gold  contains  lo  |>cr  ct?iit.  of  copiK:r. 
Jewellers  frcqnently  aUoy  llieir  gold  with  a  mixture  of  copper  and 
silver.  Tliu  alloys  of  gold  and  copper,  when  oiiee  the  niatcriaU 
hare  been  well  mixed,  do  not  exhibit  the  tendency  to  li<jiiation 
which  occasions  eu  much  trouble  iu  the  case  of  Kilver  (794). 
The  solder  used  for  uniting  pieces  of  gold  is  an  alloy  of  gold  with 
copper,  which  melts  at  a  lower  tempwalure  than  pure  gold. 

(814)  Atsaif  of  Gold. — In  the  imany  of  gold,  a  combination  of 
the  processes  of  cupellatiou  and  quartation  ia  employed.  In  the 
cnpellation  of  gold  the  quantity  of  lead  which  is  needed  is  about 
double  that  employed  for  silver;  1  part  of  copper  requiring  about 
33  [ittrtK  of  lead.  The  amity  of  gold  furnishes  results  which  are 
more  accurate  than  tliose  obtained  in  the  cupellatiou  of  itilver.  The 
lo!W  of  gold  by  vulotilixation  is  very  much  smaller,  aud  scarcely 
any  of  the  metal  is  carried  into  the  cupel  by  an  excess  of  lead. 

The  following  is  an  outline  of  the  method  adopted  in  the  assay 
of  gold: — The  quantity  of  the  alloy  for  assay  having  been  accn- 
rati-ly  weighed,  it  is  wrapped  in  a  piece  of  paper,  with  a  proportion 
of  silver  equal  to  aliout  3  times  that  of  the  gold  which  the  alloy  in 
supposed  to  cuntitiu,*  tuid  this  is  submitted  to  cnpellation  in  the 
mauuer  alrejuly  described  when  speaking  of  the  asHny  of  silver 
(795},  By  this  means  the  silver  and  the  gold  become  thoroughly 
imrorporaleil,  and  the  copper  is  oxidized  and  abaorbixl  by  the  eupil 
with  the  oxide  of  lead.  The  auriferous  button  is  then  hammered 
into  a  Rattened  <lisk,  about  the  size  of  a  siipence,  and  annealed, 
by  beating  it  to  redness.     It  is  next  passed  between  a  pair  of 


*  An  nnproxiniBtive  eaHiiiate  of  the  compoaition  oftW  alloy  is  sometimeB 
msdc  by  tui!  tise  of  llie  louch'itoDe,  tliongk  it  it  seldom  employed  hy  the 
practiKi'd  lussj'er  -. — A  uomber  of  pi'^ccB  of  nlloy  nre  rornicd  eonlKi&ing  kugwn 
qiumliti<r3of  t,">ld  snd  popper,  or tifi;oldniid  nilver:  fUcfiniteotiwiling  of  puro 
gold;  Iht' •fi'O'id  of  i,i  of  gold  nncTi  oft-upiier;  thu  lliird  of  la  of  gold  and 
J  uf  fupiKT,  luid  noon  j  the  asssyur  st'leutM  oiiu  of  iLesB  alloj's,  or  'DWdlee,' 
whi<'L  friini  ita  colour  bu  juiigc^a  to  appruacli  nraroRt  in  c-om position  to  the 
sllof  whii-h  he  U  about  (o  u»(iay  ;  thia  hn  nihi  upon  s  hitni.  blnck  stonv,  the 
'  loutrlutonc,'  wliiL-h  is  a  pvi-ulinr  kind  of  bitiiiuinoiu  qiurtx  formerly  obtained 
from  Lydia.  iu  A*i»  Minor  ;  blupk  baBnlt,  Uoivcvur.  way  lie  employed  for  tho 
purpone;  thy  alloy  lenvcs  a  slrmlc  upon  the  Btouir.  lliu  colour  of  oliioh  is 
i«idcr  iu  proportion  as  thu  copper  preoouderat**.  Tlie  Blreak  foroii'd  hy  thu 
alloy  for  ass^y  is  then  oompsred  with  thai  of  tlio  noodle*,  until  one  of  tli««e  is 
found  to  which  it  iicarly  oorrwponde.  Tlie  ju.lijTnpnt  may  be  further  nidod 
hy  moiit^ninif  the  stri-nke  olitnined,  with  aliitle  n\\x\a  &Qw,'«i\\\nVt%\.\AjOL«'&<B 
ivjiper  (irM/mr,  but  learct  liit>  gold. 
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lunitiating  rollent,  Ity  wliidi  its  thicknesat  is  reduonl  (o  tliot  of  ui 
ordiuary  addrna  card,  aAcr  wbich  it  is  k  eccood  titov  anncslcil. 
Ttie!>e  o|>enitio»H  render  it  !itiffici«iitlj  flexible  to  alluvr  nf  it«  bcii^ 
coiled  into  s  small  spiral  by  rolliog  between  the  finger  and  thnmb. 
Tbe  ofmel  ttiuN  obtnimtl  \»  nest  iiitrcxluced  into  u  fliuk  which 
contains  about  an  ounce  of  nitric  acid  of  sp.  gr.  I'iSo,  beatal 
iieuH}-  to  the  boiling  point.  Brisk  evolution  of  uilrou»  fume*  tm- 
mcdiaulv  enHies;  the  silver  is  gmduall)-  dJHolrod  awar,  and  tk« 
gold  is  Icfl,  ill  tbe  fonn  of  tbe  original  cornet,  afl  a  bruwn,  poroiu, 
very  brittle  maes.  A(^r  this  first  boiling  has  been  ooDtiDOed  for 
lo  iniuutcs,  tbe  flaxk  w  rfmovei)  from  t)i«  fire,  tlie  acid  solationit 
poured  off,  and  tbe  conict  is  viashcd  by  carefully  jwuriug  distilled 
wstcr  upou  it ;  wliiclt,  after  sUuiiling  fur  a  couple  of  miuutca,  is 
again  poured  off.  Si>DieUraceaof  silver  arc,  hofrercr,  still  relunei 
by  the  gold,  and,  in  onKr  to  remove  tbi<ne,  tlie  oonwt  is  agais 
boiled  with  uitric  acid,  which,  this  time,  must  be  of  sp.  gr.  nSa 
lu  this  second  boiling,  whidi  muat  be  coHljnoed  for  30  miualv, 
a  small  fragment  of  charcoal  should  be  introduced  into  the  fla^ 
iu  order  to  prevent  the  ebullition  from  Utking  place  irrcgulatly, 
with  itudden  burets,  as  it  is  very  apt  to  do  if  this  precautioD  be 
neglected. 

The  aciil  having  been  poured  off,  tbe  6ask  \a  filled  up  ooia> 
pictcly  with  distilled  water.  A  soiall,  ftuiootbly  finished,  porous 
clay  crueiblo  is  placetl  over  the  mouth  of  the  flask,  and  tl»e  flask 
sr.d  crucible  ai-e  inverted,  :<o  that  the  comet  iiliuil  fall  gcutl; 
through  the  water  into  the  crucibls  :  by  a  dexterous  movement  of 
the  hand,  the  fUisk  is  tlieu  witlidniwn  in  nuch  a  niuuucr  as  to  pre- 
vent the  overHow  of  any  liquid  from  the  little  crucible :  the  water 
is  atlerwards  carefully  poured  off  from  tJic  coruct,  and  tbe  crucible 
w  lu»ted  to  rcdnetiA  in  the  muffle.  By  this  means  the  gold,  tboogh 
it  is  not  fused,  is  reudcrcd  much  more  compact;  it  shrinks  in  bulk, 
lu«e»  iu  bruuit  appearance,  and  assumes  tbe  peculiar  colour  lad 
lustre  of  the  metal.  Wlicn  cold,  tlie  cornet  Is  weighed  with  tk 
same  precision  a*  the  original  alloy.  The  atuayer  calls  the  arbi- 
trary n  eight  of  the  alloy  upou  which  be  o|ieratc«,  icoo  ;  bis  weights 
arc  ittt  Kubdivided  so  as  to  give  him  the  value  of  tlie  alloy  in  thon- 
Haniltha  of  this  original  quantity;  so  that  if  ho  find  a  [Kirtion  of 
the  alloy  which  originally  weiglied  JOOO  of  theso  arbitrary  units, 
to  yield  a  quantity  of  gold  equal  to  91 6 1  of  these  parts,  hercjwvtK 
it  as  9i6'6.  icoo  ounces  of  suclt  an  alloy  would  contaiu  9ii6'6 
ounccf  of  fine  gold. 

Tbe  amount  of  aWoy  ^\fiu  -vVvh  it  is  moat  convenient  to  ope- 
rate in  assaying  is  UaU  a  ^a.is«a,tt,  w\»iiV>«n«».  i  «»\t.  ^jpiaa. 
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Tlie  gold  containeil  in  tlic  curnfit  U  never  abftolutely  pure  :  it 
etains  a  «inall  quantity  of  lead  aud  of  eilrcr,  and  frequently  alein 
traces  of  copper,  whicli  render  iu  veigbt  x  little  higher  than  it 
ought  to  be.  111  order  to  ascertain  tlio  aiBoant  of  tliU  error,  a 
purabcr  of  proofs  arc  [iiuwed  through  the  muHle  Himiiltniieously 
pith  the  alloys,  and  subjected  to  the  same  process  as  the  alloys 
^hcmsclves.  These  jirwift  cohmkI  of  weiglied  portions  of  fine 
)p)Id,  to  which  arc  added  a  proportion  of  copper  equal  to  that 
icstimatcd  to  cxUt  in  the  alloytt  under  examination.  The  exocss 
lof  weight  which  these  proofs  indicate  shows  the  amount  of  the 
icorrcction  which  it  licconies  necessary  to  make.  Thin  eorrectioo 
b  liable  to  daily  variation,  according  to  the  temperature  of  tho 
fitmaee,  the  more  or  Ie«  perfect  softening  of  the  buttons  during 
■lUK'Aling,  the  thicknesa  of  tlie  cornets,  &e. ;  but  it  usually  vaiics 
from  o'3  to  o',5  parts  in  looo.  Moet  assaycra  vary  the  quantity 
of  lead  according  to  the  proportion  of  copper  in  the  alloys.  I 
hftve  found  it  lulrantagcous  to  use  the  same  aoiouut  of  lead  in  all 
cwca;  the  correction  then  beconiea  uniform  for  all  the  assays 
paased  at  one  operation. 

When  the  alloy  contains  very  little  copper,  aft  commonly  occurs 
with  native  gold,  the  button  of  alloy  is  liable  'to  spit'  a«  it  cruils 
Ikftcr  the  cu[ieiltttion ;  thin  nnsclmnce  may  ca.itly  be  prevented  by 
kite  iiddition  of  a  small   fragment  of  copper,  not  exceeding  j^  of  a 
^raiu  in  weight,  before  iutroducing  the  alloy  into  thi:  cupel. 
1        It  frequently  happens  that  it  is  necessary  to  ascertain  the  pro- 
Iportioti  both  of  gold  and  of  silver  in  a  given  alloy.    If  the  propor- 
tion of  ^Id   preponderate,  the  quantity  of  gold  is  determined  in 
the  manner  above  dencrilx^d,  and  that  of  the  gold  and  silver  together 
is  ascertained   by  submitting  a  portion  of  the  alloy  to  cupellalion 
with  lead,  va  if  it  consisted  of  silver  only  {7^5).      The  two  metals, 
gold  and  silver,  remain  upon   the  cupel,  nhilst  the  copper  and 
more  oiidiKable  nictaU  are  absurbed.     The  weight  of  the  residual 
:  button  gives  tho  united  weight  of  the  gold  and  silver,  and  the  dif- 
fcTcuec  between   tliis  weight  and  thut  of  the  gold  alone  will  of 
course  furnish  the  proportion  of  silver. 

When  the  proportion  of  gold  is  very  Jiniall  compared  with  that 
of  the  silver,  ihe  two  metals  are  treated  with  nitric  acid  at  once 
(without  eubmittiug  them  to  the  uituul  assay  for  gold]  ;  the  acid 
dissolves  the  silver  and  other  metals  which  may  be  present,  leaving 
the  gold  in  the  form  of  n  black  powder :  this  powder  mnt>t  be  col- 
lected by  «ub»idence  in  one  of  the  small  jmrous  crucibles  used  for 
auneftling  gold  cornetis.  in  nhiuli  it  la  ignited,  atwl  caa  aftetwwd* 
ite  treighed  without  ditlicttUj-, 
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(815)  OxiocK  OK  Gold. — Th«rc  arc  two  oxides  of  goH  ■  a 
protoxiile  AuO,  and  a  teroxide  AuO,:  the  bttcr  possi-^w  actJ 
properties,  and  is  frequently  tcrnrnl  auric  avid. 

The  protoxide  (AuO=204'6)  is  obtained  aa  a  dnrV  green 
powder  by  precipitating  the  protochloride  of  gold  by  a  dilute  aoJo- 
tton  of  potash  ;  it  is  !ilij;)itly  noltible  in  excea&  of  the  alkali :  wbeu 
digested  with  ammonia  it  forms  fululnating  gold :  hydrochloric 
acid  ronvertK  it  into  mtiliillic  gold  and  terchloridc  of  the  ntctikL 
Protoxide  of  gold  undergoes  a  suspension  in  pure  water,  taxi 
passrit  through  the  filter ;  hut  boiling  the  solution  sAer  adding  any 
saline  eompound  causes  its  precipitation. 

Terweide  of  Gold;  AhHc  Add  (AuO,=  aao'6).— ^This  coro- 
poaod  is  best  obtained  by  decomposing  a  solution  of  the  terchlo- 
ride  of  gold  by  magnesia;  for  if  the  alkBlint  be  used,  they  adhere 
strongly  to  the  precipitate :  it  falls  in  comhinattoa  with  the  earth, 
nhicli  may  be  rtrtiiovcd  by  nu-anx  of  diluted  nitric  acid,  and  the 
oxide  of  gold  remains  as  a  yellow  hydrate,  if  the  acid  uwsl  be 
weak,  or  as  a  brown  «nliydrou»  oxide  if  strong  j  it  is  very  readily 
reduced  by  exposure  to  light,  and  at  a  temperature  of  shout  470' 
it  i«  rewlved  into  metallic  gold  and  free  oxygen.  It  is  taken  np 
by  strong  nitric  and  sulphuric  acids,  hut  no  true  salts  arc  formed ; 
the  oxide  being  dcpositt^d  again  from  thciW  solutions  in  a  pure  state 
on  dilution.  Teroxide  of  gold  is  dissolved  by  hydrochloric,  hydro- 
hromio,  and  bydritidic  acids,  forming  tcrchloridc,  terbroniide,  and 
teriodide  of  gold. 

When  hydrated  it  combines  readily  with  the  alkalies,  forming 
salts  that  have  been  termed  auralm,  which  are  soluble  in  water, 
and  form  yellow  solutions.  Aitrate  of  pot  nth  cry^titlliiKM  in  yd- 
lowinh  ncedleti  {K(>,.\uO,  +  6  Ati) :  its  solution  may  be  ttaed  in 
electro -gilding.  Mo«t  of  the  compounds  of  auric  acid  with  the 
earths  and  other  metallic  oxides  are  insoluble. 

Auric  acid  forms  with  ammonia  a  dark  olifc-brown  fuloiiuBt* 
ingcomponud.iinaldgouH  to  tliat  funiitibed  by  silver  (799);  the  i^une 
componnd  may  be  formed  by  adding  ammouia  to  the  tcrchloridc,  but 
in  this  ease  it  is  of  a  reddiKh-yclIow  colour,  owing  to  the  admix- 
ture of  a  little  ammonineal  subcbloride  of  gold.  So  great  U  the 
af!inity  of  auric  acid  fur  ammonia  that  it  decomposes  the  neatnl 
salts  of  the  alkali,  such  as  the  sulphate,  and  seta  their  acid  at 
ii!)erty. 

(816)  Bisulphide  of  Gold,  (AuSj= 228-6) .—When  a  current 
of  Kiilpburcttcd  hydrogen  is  transmitted  through  a  cold  solution  of 
tercliloridc  of  gold,  a  ViVacV,  ^tec\ij\\iAv:  \%  \.T*adMEed,  vhich,  accord- 
^^  tag  to  Levol,  is  a  l)l8u\v\^\4e,  ot  x^vVw  k^i'feiii.MSiv    \^.  ■»  v^^|| 
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in  tlic  solutions  of  the  sulphides  of  the  atkalioc  metals  r  its  solii- 
tioii  iti  nulpliulo  of  :>i»liiim  yit^lilii  ii  colutirlo.i  Hult  nhich  ia  soluble 
IB  Klcobol ;  it  crystallizes  in  six-sided  prisms,  coosisting  of  (NnS, 
>  +  8Aqi  Yorkc),  tho  bisulphide  of  gold  liavtii);  heeu  coil- 
ed into  the  protosulphide,  whilst  the  second  equivalent  of  buI- 
pliur  luu  eutercd  iuto  LX>mbiniition  with  the  «xcewi  of  the  alkaline 
sulphide.  If  finely-divided  gold  he  heated  with  sulphur  in  contact 
with  carliouutc  of  potash,  a  iluuble  nulpbide  of  gold  ujid  piitA»iuni 
u  forroed ;  it  resists  a  red  heat,  and  is  very  soluble  iu  water :  this 
nilphur  salt  U  used  fur  gilding  china,  and  produce*  the  colour 
kuowu  a»  JiurgoH  lustre. 

(817)  CiiLOBiDES  or  Gold. — Gold  forms  two  eouipoiirids  with 
dilorine, — a  protochloride  Aut'!,  and  a  terchloride  Au(-lj,. 

Protochloride  of  Gold  [AuCl  =  2}2i). — When  tcrehloride  of 
gold  is  exposed  to  a  geutle  heat,  it  fuses,  without  undergoiug  de- 
composition;  but  if  the  temperature  be  rused  to  about  350°, 
chlorine  is  gradually  expelled,  and  a  pale  yellow,  sparingly  soluble 
powder  is  left,  which  is  the  protochluride.  It  is  an  unstable  com- 
poun<l,  but  it  may  be  waHhtjd  with  cold  water  to  remove  any  un- 
decomposed  terchloride  i  boiling  water  converts  it  into  a  mixture 
of  the  terchloride  willi  metallic  gold,  and  a  similar  change  is  pro- 
duced by  exposing  it  to  light.  If  the  temperature  lie  raised  a 
little  beyotid  400°,  the  whole  of  tho  chlorine  ia  exiielled. 

TercMoritle  of  Gold  (AuClj=303). — This  compouud  is  pro- 
duced when  the  metal  is  dissolved  in  aqua  regia ;  011  evaporating 
the  solution  to  drynesa  at  a  temperature  not  exceeding  300*  this 
wit  remains  lichiiid  as  a  red  deli(|ue$cent  mass.  It  forms  with 
water  an  orange- coloured  solution,  which  preserves  its  colour  eveu 
whco  very  krgcly  diluted ;  alcohol  also  dissolves  the  chloride,  and 
ether  takes  it  up  so  freely  as  to  separate  it  from  its  aqueous  nolu- 
tion  whca  agitated  with  it.  Chloride  of  gold  forms  a  oryslalluie 
compound  with  hydrochloric  acid ;  it  also  unites  with  the  chlorides 
of  many  of  the  ba*iylows  metals  lo  form  double  salts ;  that  with 
potftsaium  cryslolliies  iu  eiHorcsccnt  striated  prisms,  coDsisting  of 
KCI,  AuCIg  +  5  Aq  ;  that  with  sodium  forms  four-aided  prisms,  with 
4  Aq.  The  chlorides  of  most  of  the  organic  bases  also  form  crys- 
tallisable  double  salts  with  tcrehloride  of  gold :  these  compounds 
are  often  employed  to  <lelerraine  the  combining  number  of  the 
organic  alkali.  The  chloride  of  gold  is  cjksily  reduced  by  many 
substances ;  the  reaction  of  protosulphate  of  iron  has  already  been 
mentioned  (Sil}.  Oxalic  acid  produces  a  similar  precipitate 
of  metallic  gold  ;  thus,  2  AnClj  +  3  {i  HO,C,0^\  =  AvVi-V^  ItC^-V 
i2C0j:  the  imvdci-j  when  viewed  by  IeiV«ct.eA\^l^Al«^\«:■«*^a'**^ 
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^_  of  a  browQ  colour,  but  by  transmitted  Itglit,  whilirt  Buapendcd  ta 
^H  water,  it  bas  a  porptc  tint.  Many  oi^ganic  substsuccs,  if  nioiitened 
^M  with  a  aoliiliou  of  thv  cbloridv  of  gold,  alao  «xert  a  redncLDg  cflbct 
^H  upon  it;  hence  the  fingers  or  wntiug  p«pcr,  if  waslicd  over  villi 
^H  the  Bolutiun,  bccomi:  Mtuininl  of  a  violet  colour  when  exposed 
~  to  the  sun's  light.  McTalhc  gold  is  also  readily  obtained  from  the 
eoluttoii  of  thi«  nolt  by  other  mums.  A  curreutof  ftul))liuroiu  acid 
prcctpicalca  the  gold  completely.  Phosphorous  and  bypopbospbo- 
rous  aci<U,  and  solutions  of  their  salt*,  produoe  tbu  same  effect; 
and  a  similar  result  is  obtained  by  contact  with  many  of  the  mctab, 
such  as  copper,  irou,  and  xiuc.  A  stick  of  pbo»pboru»  when  im- 
nicrecd  iu  a  sohition  of  chloride  of  gold  soon  beoomce  coat«d  with 
the  reduced  mctnl ;  and  If  a  few  dro)w  of  a  solutiou  of  |>lio»|>Ui>nu 
iu  etber,  or  iu  bi»uiphide  of  carbon,  l)e  mixed  with  a  vcxy  dilate 
solution  of  neutral  chloride  of  gold,  containing  from  od  to  ro  of 
a  grain  of  the  metal  iu  a  quart  of  water,  the  gold  will  be  reduced  in 
the  courw  of  a  fc>v  hours.  Provided  tlutt  the  bottle  containing  tlie 
solutions  he  chemieally  eWn,  the  UK^tal  will  be  separated  iu  par- 
ticks  of  such  extreme  teuuity  that  it  k  UI  remain  suspcudcd  in  tlie 
bquid  for  Rionlh» ;  giving  to  it  u  ruby  red  or  amethytitiue  coloiu 
when  viencd  by  trausmittcd  light,  though  it  appears  to  be  turbid 
and  bi^owii  nhi-ii  twn  hy  relh;el«<l  light.  If  tlie  red  liquid  be 
mixed  with  a  small  quantity  of  a  solution  of  commou  salt,  tbc  mbjr 
tint  is  imHieiliatety  changed  to  purple,  the  »tate  of  aggregation  of 
the  metal  undt  r(,'uiug  an  instantauoous  alteration,  iu  oonsoqueucc 
of  which  the  liquid  becomes  colourleu  in  a  few  boun,  ai>d  the 
irhole  of  tlio  suspended  particles  of  gold  are  depo«itcd  iu  a  ])UT)ife 
but  perfectly  metullie  jwndcr  (Faraday). 

A  ierAntmide  of  gold  may  bo  formed  ;  it  crystallines  easily,  and 
form«  nnmci'oiis  double  salts  nith  other  soluble  bromides'. 

There  are  two  iodides  of  gold,  correspondiug  to  the  chloridei. 
The  protiodidc  is  a  yellow  iiisolnblc  powder.  The  tcriudide  it 
unstable ;  it  k  green  and  spariitgly  soluble ;  it  forma  double  salts 
with  the  iodide«  of  the  alkaliue  mctnls. 

(8t8)  Purple  of  Vasaitis. — When   a  mixture  of  i>rotocl»lori(ie 

and  perchloridc  of  tin  vcr)*  much  diluted  is  added  drop  by  drop  to 

a  dilute  neutral  solution  of  terchioride  of  gold,  a  floceulent  purpfe 

deposit  takes  plucc.     The  same  compouiKl  is  n-jidily  formed  by 

digesting  metallic  tin  iu  a  neutral  solution  of  terchlortde  of  gold ; 

metallic 'gold  and  the  pur]>le  of  Cassias  being  formed.     The  true 

re  of  this  com|ionnd  has  been  the  subject  of  niiich  discui^oa. 

i^xeliiu  concluded  from  the  icacarcbes  of  Fi^uier  {Ann.  de  Chimie, 

•  ^-  S54)  liiit  it  couftWUoliiV'sii»iK^3«vMvit*w!isi!ftfc*Ai|^ 
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'   "*~^iO^  +  SiiO,SiiO. +4;\q).    Purple  of  Cassiiw  imdcr- 

»  .Jii  iu  puro  nntcr,  aiiil  jiesseft  through   the  filter, 

u  is  •efwmwtl  on  lulJiug  a  Mult  to  the  liquid  aad  boiling  it. 

I  iinoluhlc  iu  snhicioiis  of  potash  and  suds,  l>ut  noluhlc  iti 

uinio,  funuiiig  a  iIc-t-]>  purpli:  bolutioii,  from  irhicb  it  is  dcpo- 

utichnugcd  if  the  amnaoiiia  be  «x|)elled  by  heat,  or  neutralized 

n  ociil.     Thin  soluttoa  U  bttuielMid  hy  the  action  of  light,  nud 

is  dcjMjsitvd.     Purple  of  Cassiua  U  df.-oom)K)Hefl  by  the  acsda, 

llic  fcolil  hciug  left  ;  but  it   is  not  ch&iigcd  by  tho  action  of 

If  heated  to  redness,  water  ut  expelled,  and  a  red  [jowder 

R,  which  Li  a  mixture  of  mi-tallic  gold  and  peroxide  of  tin, 

h-  of  CaaeiuB,  when  mixed  nith  u  little  boru  or  some  fusible 

,  and  applied  to  the  surface  of  cbina,  imparts  to  it  a  beautiful 

or  a  ricli  purple  colour.      It  is  tliis  coraponnd  which  in  added 

eoluuriug  luotcrial  iti  the  rod  gloss  of  Bohemia. 

ri9)  CuAiucTEHit  OP  TUB  Salts  OP  GoLO. — ^The  solts  of  gold 
(1  by  the  Immii  jirecipititte  of  nu^tAllic  gold  produced 
L.  :...:.;./Mi/c  qf  iron  in  their  ncutnil  solutions;  and  by  the 
klinu  of  the  purple  of  CaMius  on  adding  to  Uieni  u  mixture 
I  riitr  an<l  percltlor'uie  t^f  tin.     MftaUic  tin   yields  the 

, I -lute,  aud  is  a  still  wore  delicate  tc&t.     SaltA  of  gold 

otoocd  Iu  the  luetullio  etato  by  boiling  their  acidulated  solu- 
kwith  a  soluble  oxalate  or  aalpfiilf.  Suhnilrate  of  uurcury 
inea  a  dark  brown  precipitate  of  reduced  gold.  All  the  salts 
lU  ore  decomposed  when  ignited  in  tlic  open  air. 
ija)  Etlitnalion  of  OiM. — Oold  is  olirays  estimated  tn  the 
Uie  iiiite.  It  may  readily  be  M)p«ntcd  IVomall  the  preceding 
b  by  procipitatbg  its  solution  by  means  of  a  solution  of 
[<  '  '  '-  of  iron,  after  acidulating  it  with  hyilrocldoric  acid. 
.  ite  is  cullix-ted  upon  n  filler,  ignited,  and  weighed  as 
Kol.1. 


^  IV.  PtUTiNOH  {Ptst<,S-^6).     Sp.  Cr.  2V5. 


til)  Platinuu,  tittle  tiUvr,  m  iU  tiame  tmpltc*,  is  a  motal' 

M  found  in  hut  comparatively  few  (daces:  it  was  not  n:Oog> 
M  s  soparute  metal  until  ^Vood,  au  OMuycr  of  Jamaica,  iu 

|ioiulM]  out  its  distinctive  characters.  It  always  occurs  in 
stive  itt.itc,  iMually  in  small  Rattened  graiu»,  in  which  it  is 

with  palhuiiuni,  rhodium,  osmium,  tuttieuium,  and  iridium, 
which  are  mrcly  found  except  wheu    aseociatal   with 

iD.     Occasionally   it  occurs   in   bi^cr  uodulcs,  frequL'ntly 
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e][TRicTio.v  or  flatikch  nou  in  ou*. 

Rlloycd  mill  gold,  and  traces  of  silver,  and  vitb  copper,  iron,  and 
lead.  Tbc  dcposit»  of  platimim  are  for  tlio  moxt  part  met  witli  in 
nlluvial  dUtricts  eswciatcd  witt  Uic  debris  of  the  earliest  vdcaiiic 
rock)(.  Platinum  is  cbtefly  Hiipplied  from  tbc  mine*  of  Mciico, 
Brazil,  and  of  the  Vnd  Mountains.  It  bas  also  been  met  within 
Califonita  and  Atthtnilia.  It  is  scpantcd  by  ira>bing  from  the 
ligbter  ini{ttiriti(«  contained  in  its  ore, 

Exlraction. — On  itceoiinl  of  lli«  extreme  infusibiltty  of  pla- 
tiutim,  it  requires  a  mode  of  manipulntion  vbicb  is  complicated 
and  peculiar,  i. — Tiie  metltod  ordinarily  employed  wait  coutmed 
liy  Woliiislon : — The  ore,  which  usually  contains  from  75  to  8j 
per  cent,  of  plntiuum,  i*  trt;»tcd  first  with  nitric  acid,  and  then 
with  hydrochloric  acid  in  order  to  remove  the  more  easily  oxidt- 
znblc  metals,  after  which  it  is  digO!<ted  in  diluted  ai|ua  regia  as 
loQjj  ii.-t  anything  is  dissolved,  the  solution  of  the  platinum  taking 
place  very  slowly.  The  clear  li(]uiil  in  then  decanted,  and  a  solu- 
tion or  sal  ammouiac  is  poured  into  it;  the  greater  part  of  the 
platinum  is  thti*  prcctpilat«'d  in  the  form  of  a  yellow  double  salt 
(HjNCI.PlCI;),  which  is  sparingly  soluble.  Tbc  mothtT-liquor 
still  retainn  a  portion  of  plntiuum,  which  is  precipitated  by  means 
of  nii-tttUic  iron;  the  black  powder  is  rcdissolvcd  iu  a(\xi&  regis, 
and  preci[jitutc(l  by  the  addition  of  haI  ammouiac,  the  doulile  valt 
tLu*  obtained  being  added  to  the  first  crop.  The  chloride  of 
platinum  and  nmmonium  is  tliiii  wonlied,  and  heated  to  redneM, 
by  which  mcan&  llic  aninioiiia  and  chlorine  arc  expelled,  leariog 
the  platinum  behind  in  poroua  Hlightly  cohet«rit  maaaea;  this 
apongy  plattHum  is  powdered  iu  a  wooden  mortar  aud  rubbed  tnta 
a  magma  with  water,  in  which  Mjite  it  is  iliorougbly  naslted;  ibc 
metallic  particles  soon  subside,  and  the  lighter  impurities  an 
carrifil  jiway,*  This  metallic  mud  i»  next  iwured  into  a  somewhat 
couicil  brass  mould,  cltjsed  Iteluw  with  blotting-paper  loosely  sup- 
ported by  a  plug ;  the  greater  part  of  the  water  dnius  off,  aud  the 
whole  is  then  »ul)j<-et«-d  to  tliq  actiou  of  a  very  powcr^l  press. 
The  iiiuiis  which  previously  was  of  a  dull  grey  colour,  now  ukvuidCS 
a  compact  metallic  np]jeurauee,  and  acquires  a  specific  gravity  of 
about  1  o ;  it  is  next  exposed  to  an  inteuKV  heat  in  n  wiitd  fumace, 
and  the  ingot  ix  forged  by  hauiinering  it  upon  its  two  ends, — 
never  upon  its  sides,  as  if  this  were  done  it  wouhl  apHt.  This 
heating  and  forgiug  is  seveml  times  repeated  ontil  it  becomea 


I 

i 


*  Platinum  thux  prepared  uiaullj'  rctoicit  a  uiwll  qiuuility  of  iiidinoi, 
irhjcli  acn>inpaDirs  tuu  duuliW  dklocidv  uf  yUliuuni  and  amiii«iimD.      Hie.L 
piiili/iiim  muy  be  freed  Irom  V\ii»  vwiv^^^Vi  ^'S  v'lusinWCwA  ^vMnVia^ idi ^uw I 


EXTHACTIOK    OF    PLiTlNCM. 


747 


faomogenpou-t  am)  <li]ctilc;  it  then  ha.^  a  speciHc  gravity  of  about 
li'j.  Wollaston's  process  for  working  it  tIcpfndN  ii|>on  it-)  property 
of  W('I<Hiig  at  very  high  tern  pe  rat  urea.  Deville  aiirl  Dcbray,  in 
^thcir  important  mcrooir  on  platiQum  and  the  mL'tiils  which  ac- 
company it  {jiin,  de  Chiniie,  111.  Ivi.  jj,^^,  recommend  fusion  of 
latinum  by  means  of  the  osyhydrogcn  blowpipe,  in  a  cavity  formed 
a  imtaa  uf  Unic,  fur  the  purpose  of  freeing  commercial  platimim 
from  the  silicon  and  osmium  which  it  always  contains.* 

a. — nevilleaiid  Dcbray  hiive  introduced  an  entirely  new  method 
for  the  extraction  of  platinum  from  its  orc«,  of  which  the  following 
is  RU  outline  : — A  small  reverberatory  furnace,  the  bed  of  which 
is  composed  of  a  hemispherical  cavity  of  fire-brick,  lined  with  clay, 
i«  hviitcd  to  full  redness,  and  a  charge  cousinting  of  a  cwt.  of  the 
platinum  ore,  mixed  with  an  ctiiial  weight  of  galena,  is  added  in 
small  quantities,  stirring  with  iron  rods  until  the  platinum  and 
lead  have  combined  into  a  matt.  A  small  quantity  of  glass  is 
thrown  in  to  act  a«  a  flu\,  and  by  degrees  n  quantity  of  litharge 
eqital  in  weight  to  the  galena  employed  is  added.  The  sulphur 
ix   thus  completely  oxidixcd  and   expelled,   and   the   lead  of  the 
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•  Dcvillif  nnd  Dobmy  employ  the  oirhydrouen  blowpipe  ia  the  following 
nunncr,  (ht  cfiocling  the  fiiiiun  of  pliitiniim  and  of  tiie  rcfrnctory  metaU 
irhicli  nccor.ipany  it,  Tfii-  uppanituB  coniUts  of  tk«  blowpipo,  c,  a  farniice, 
ABU,  »ini  at  oruoible.  o  n  i.  The  blow- 
pipe u  ouiuposed  of  a  uoppcr  tube  Liilf 
an  inch  ia  diameter,  Unainntine  iiolow 
ia  a  fltiglitly  ooniol  platianm  jet  nboat 
an  incD  and  n  half  toag.  Within  tki« 
IqIv,  whicJi  ii  Rupplied  nilli  Lydrujtun 
through  thu  >t«p(!ock,  n.  \a  a  scraud 
<opp«r  luW,  c'.  tvrmJDH  t«d  mIso  by  a  plati- 
num DOtzlii  with  an  aiitiriuro  of  about  a 
tvii-irili  <>r  '111  iiK'b  in  aiikini'tf^r. 

Thi'  fiirnficn.  A  ti  11,  ron»i»t«  of  thriMi 
pi«eM  oi  ncU-bunit  lime  of  rUkIiiIj 
bydraulic  iiunlily.  whioU  chu  be  iurnail 
■1  tUfl  iBtlif  wiili  ewv.  The  t.vliudur, 
1,  ia  abi>ut  ij  iocbc*  tbick.  suil  is  per- 
furatMl  witb  a  tibt^littj  conicni  tube, 
whieli  smimlcly  l^ln  tlii^  blowpipe  and 
lUom  it  to  pnmi  uboul  hnlf  way  tbroii)(h 
the  IhickncM  of  tbi-  iuubh.  A  Bfcoiid 
•omc'n'hat  dcrper  oyliudi-r  of  hme.  h,  is 
hol(aw(>d  iuto  a  cbaiiiber  HUlIii-i^nllj 
wide  lo  admit  tlw  cniciblo  and  Innve 
■o  interral  of  not  more  than  a  nixth  of 
an  inch  donr  nroand  it.  At  K  x  aro 
four  aportut™  for  llic  i-st-'upa  of  the  pro- 
duct* of  combiuliou. 

The  outer  orui'ible.B  h,  isaUomailc 
of  hme,  but  it  contains  a  Rmnller  <tu- 
riMft  J,  of  (r«*  coke,  proridod  witli  n 
i»rer  of  the  aamc-  material,   and  m 
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galena  and  the  litlinrge  reduced  to  the  metallic  stntc,  when  it 
fonnH  an  ca«ilf  fusible  alloy  with  the  platiDum.  Hk  melted  mu* 
is  now  left  coiii|)lfteIy  nt  rest  for  »ome  time.  Tiic  Oitniide  of 
iridium  (which  is  not  attacked  at  all  during  the  operation)  gra- 
dually sinks  to  the  lioitom  of  the  liquid  alloy,  a.od  the  upper  por^ 
tious  of  the  platiuiferoiis  lead  are  cautioutily  decanted  from  it  by 
iron  la<ilc»,  ami  awt  into  iogot  moulds.  Tlie  rexidue,  contiiiiiijig 
the  osmide  of  iridium,  is  added  to  a  Htilisequent  melting. 

Tlte  plat  i  111  ferotis  Utul  is  then  submitted  tu  cupcllation  iu  the 
ordinary  manner,  and  the  crude  nietalUc  platinum  left  after  cupclU- 
tton  ia  refined  by  fusion  on  a  bed  of  lime,  by  mcan>  of  the  oxyliy* 
drogen  Monpipc :  after  iiiidergniTig  ihiH  operation  it  fumisbct 
platinum,  nearly  pure,  and  very  ductile  aiul  niallruble. 

The  alloy  of  platinum,  iridium,  and  rhodium  ia  well  adapted  to 
the  preparation  of  crneiblcs,  aa  if  the  projiortions  of  the  metidx  ht 
]troperly  a^ljiuU-d,  this  alloy  is  harder  and  rvniats  a  higher  tempe- 
rature than  pure  platinum ;  at  the  same  time  it  is  less  euily 
attaeked  by  eheniieal  agents.  Such  an  alloy  may  be  obtained 
from  the  crude  platinum  ore  by  simply  fusing  it  by  the  oxybjr- 
drogeu  blowpipe  upon  a  bed  of  lime  with  a.  quantity  of  hmc 
equal  in  weight  to  the  amount  of  iron  in  the  ore,  Pallndinra 
Mid  oitniium  are  volatilised  during  tliis  proce^A  of  fuKioii,  vhila 
the  copper  and  iron  bccomo  oxidised,  and  form  fusible  compoui^ 
with  the  lime. 

(821]  Properties. — Plaliiiuro  is  a  white  metal  susceptible  of 
high  lu.ttre,  and  when  pure  is  about  as  hard  ns  eupper.  In  ducti- 
lity it  rivals  iron,  and  iu  tcuacity  it  is  inferior  only  to  iron,  cobalt 
and  niekbl,  nnd  jjerliaps  eopper.     It  resists  the  highest  hen(  of  the 


Fia.  343. 


tlii»  tlie  cubstancp  to  he  fiisrd  is  placed,  the  cruriMi-  ri'sllng  ou  the  lime-ro^ 
port  »'.  The  conicnl  rwrrr,  «,  in  mndi!  of  lime,  nnd  its  sp**  sliMild  tx)  pUcM 
exactly  uniliT  the  blowpipe  jet,  nt  «  dintoneti  fmm  il  of  from  J  to  li  ineU. 

Tli«i  different  piece*  of  ioiu  fumni-'B  rniwt  be  b»Qti<.l  r«UD<l  with  tbin  iron 
wire  to  support  tlu.-iu  nkvii  thi>j  I'mck.  Tliu  oifgea  i»  admitted  ludera 
pmsure  oTa  columu  of  16  incite*  of  water.  The  ti'mptraturv  i*  cradnaltf 
rsiiir<l  to  tho  maximum,  and  in  ahout  cTtniaiitet 
from  this  lirao  the  c:tperimeat  la  complete- 
By  employini;  a  jet  of  niiz«d  i-ool  a«»  »n4 
oicV(;eD  (Ei(Fig.34;)in*ftiro»«»ofIin»-*.*B.I"<'- 
vided  with  lip  *t  p  for  pourinf!,  Derille  ani 
Pvl>rnT  lucreeileil,  nt  nn  rx^-nM  of  aboat  43 
(mbii;  iVrt  of  oiwcd,  in  mcttini;  aad  roflnnif  in 
^JininnU'S,  if,^  lb.  BTOirdupoiiof  plilinum,  tad 
caKiiDfC  il  into  an  inKOl  in  a  mould  of  ftu  eoltfc 
Lime  i»  *o  Imd  u  coiiduetor  of  brot  Uist,  if  a  CUf 
o(  lime  uOl  more  ilisn  o'lt  inch  thick  he  fillp 
I       v.\v\i  ewW&  V^iiA.ikM.'ta.  \'BiB  viNwcvw  «cacevl;  riM 
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)rge  ;  btit  it  may  he  fiiiied  liy  tLe  voltaic  Imttery  or  1>y  the  osyliy- 
rogcu  blon-pi{)c,  before  nhich  it  U  volutilizcd,  aud is  ilispcroc-d  witll 
ciiitillatious.  Deville  and  Dcbray  Htate  that  it  absorlw  oxygen, 
□d  if  melted  in  cousidcrablc  masses  ^pits  like  silver  oq  rapid  COol< 
iig.  AltcHipts  tocryntidlizi-  platiiiiitu  iirliliciidly  have  not  auoceeded, 
>at  very  pcrfGCt  octohcdra  have  bcca  met  vith  io  its  native  beds. 
]t9  specific  ip'avity  diilbrs  somevrbat  with  the  mode  of  maiiipulaltoa 
o  which  it  has  beeo  subjected,  but  it  varies  between  31  and  22, 
leiitg  (with  the  exception  of  iridium  and  osmium,  which  are  eqtutlly 
leiiae)  the  heaviest  form  of  matter  as  yet  known.  It  expands 
OH  by  h«at  tlian  any  otlior  metal,  ai)d  in  iu  pover  of  coiidiictiug 
leat  and  clectriaty  it  is  mach  iofcriar  to  gold  and  silver, — in  these 
renpccts  ranking  wry  near  to  iron. 

Platinum  does  not  undergo  oxidation  iu  air  at  any  temperature: 
none  of  the  add-'<  have  singly  niiy  cfT'i-ct  upon  it ;  aqua  rcgla  di»- 
BolvBs  it,  though  but  slowly.  If  bcatcd  to  redness  iu  air  in  contact 
with  the  alkalies  or  alkaline  ('Jirili.-i,  c-Hpecially  with  litlun  or  baryta, 
it  ia  corroded,  owing  to  the  formation  of  an  oside  which  com- 
biocs  with  the  alkaline  baitc.  When  phosphorus  i»  heated  with 
tipoagf  platinum,  combiuatiou  between  them  takes  place  readily. 
The  atGnity  of  stdphur  for  platinum  is  much  less  powerful.  Dry 
.chlorine  is  without  action  upon  this  metal,  even  when  aided  by  heat. 

{813)  PlaltHtttH  Black. — Philinuni  may  be  obtiuned  in  a  state 
of  »ub<iiviaion  still  finer  than  tliat  in  which  it  is  left  on  heating 
Ute  double  cidoridu  of  plutinum  and  ammoniutn.  In  this  f»rm  it 
ha*  the  appearance  of  soot,  and  is  terinixl  platinum  black.  Ic 
may  be  procured  tu  this  condition  by  Acn^rul  methods,  of  which 
one  of  ttie  most  eflicacioua  consists  iu  dissoU-iug  the  protochloride 
of  platinum  in  a  strung  eolutiun  of  cauntic  potash,  and  abiding 
alcohol  to  the  hot  liqviid  which  is  placed  iu  a  capacious  veisel,  and 
kept  constantly  stirred;  brisk  clTcrveH^uncc  takca  place,  owing  to  the 
escape  of  carbonic  add ;  the  platinum  is  reduced,  and  is  deposited 
as  a  black  powder,  which  rctpiires  rei>eated  washing, — first  witti 
alcohol,  next  with  potash,  then  with  hydrochloric  acid,  and  lastly 
with  water.  Platinum,  iu  this  liiiely  divided  titute,  greedily  con- 
denses oxygen  from  tlie  air,  and  absorbs  many  times  ita  hulk 
of  tlie  gas.  If  moistened  with  alcohol  or  ether  it  imparts  tins 
oxygen  tu  them,  and  foniis  now  compounds ;  whilst  the  powder 
^ws  from  the  heat  which  is  extricated.  In  all  it*  KtatCM,  platiuum 
pOMcescs,  in  a  marked  degree,  this  property  of  condensing  gases 
uptm  iu  surface;  and  the  more  finely  it  is  divided,  and  coiisc- 
qnently  the  hirger  the  surface  which  it  presents,  the  i!aw«  *A.t>!t.\6S(, 
is  tbc  i^bcuoiHcuoa, 


(834)   Utca. — The  luost  inijwrtant  applk-ationsof  platinum  an 
OOQfin<!il  to  the  Iftbonitofy  of  the  manufacturing  ami  csperimciittj 
chemist ;  they  depend  upon  its  gT«Ht  infuKibilit}-,  and  its  power 
rwi^ling  clw'micid  ogcuts.     Its  introduclion  aa  a  mnteriiJ  for  the 
construction  of  apparalnx  eroplo^eii  !>v  the  analytical  chemist . 
contributed  in  no  small  ilcfn^ce  to  the  rapid  progieag  of  the  itcicoa 
daring  the  last  forty  or  fifty  year*,  hy  cotiferriiig  upon  its  eiperi 
meals  a  precision,  neatness,  and  accuracy  till  then  unattainalile.    la 
the  concentration  of  oil  of  vitriol,  large  platinum  stills  arc  frcqucDtly 
employed  ;  some  of  these  vessels  weigh  upirarda  of  icx»  ounce). 
It  13  found  expedient  to  gild  the«evcsHd#  upon  their  inner  surlacv, 
for,  unless  this  precaution  be  adopted,  the  stills  when  made  of  pla- 
tinum prepareil  by  Wollii»lon*!i  nit-thod,  after  n  short  time  becoiae 
ButBcicutly  poi-ous  to  allow  the  acid  to  transude.      An  attempt  VM 
made  in  Ituwia  to  employ  platinum  fur  coinage,  but  it  was  fomid 
to   be   inconTcniciit,   and  the  experiment    baa    been   atiaudoMd. 
Platinum  in  nomftinict  uitcA  for  the  toucli-holes  of  fowling  pieces. 
Alloys. — Platiuum  may  be  easily  alloyed  with  many  of  the  n>on 
fusible  mctalx,  the  combination  gt^nerally  taking  place  with   tbe 
extrication  of  light  and  heat.     These  alloys  are  much  more  fumble 
tbau  pure  platinum :    care   muxt  t)>i;rt-furc  be  taken  not  to  beat 
the  oxidca  of  easily  reduced  metals,  such  as  lead  or  bismuth,  in 
platinum  cruciblc^M,  ns  if  the  oxiili;:*  i<houl<l  liuppcn  to  be  rodneod, 
the  crucible  would   be  destroyed   by  the  formation  of  a  fuKibk 
alloy.     Most  uf  tlie  platinum  uf  commerce  contains  iridinm,  which, 
without  impairing;  its  power  of  resisting  chemical  ajjeuta,  increaM* 
its  hardness  ami  iliirabilify.     It  is  remarkable,  that  though  pure 
pintinum  is  {lerfeetly  insoluble   in  nitric  acid,  yet  when  alloyed 
with  to  or  12  times  its  wcli^ht  of  silver,  both  metals  arc  easily  and 
completely  dissolved   by  it.     An  amalgam  of  plalinnm    may  be 
formed   by  acting  upon   nn  amalgam   of  sodium  with  a  neutral 
>ulutiuu  of  tho   double  chloride  of  platinum  and   sodium;  and, 
accoiiling  to  Lcvol,  when  this  amalgam  is  attacked  by  nitric  acad, 
the  platinum  lu  well  oa  the  mercury  is  jntnially  difiaolvcd. 

Platinum  enters  into  combination  with  cnrbon  and  with  silicon : 
Kometiincji  in  the  fusion  of  ordinary  platiimm  wire  before  the  blow- 
pipe, the  globules  of  the  melted  metal  become  covered  with  a  6lni 
of  colourlcfs  glaa^,  arising  from  the  osidation  of  tlie  silicon  and 
the  fusion  of  the  resulting  silica.  A  brittle  granular  compound  of 
jilatinum  and  siticon  was  accidentally  obtained  by  Dnnicll,  owing 
to  the  action  of  silicon  at  a  high  temperature  upon  one  of  tlic 
p/ntinura  bar*  o(  lus  ^jtomtXw.  \\.  *VV^"*^'>^  ^  l^e  formed  hy  a 
iiiid  of  cementation,  l\ic  «Vw»ft  Vwaa^i'MwAVwnx'Cvw.  ^\k^  ^&  -ia 
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nrelope  in  wliicli  the  bar  was  beated :  the  proportion  of  ailicoa 
mounted  to  I'j  percent.  A  fusible  compound  of  platinum  tvith 
toron  was  iilso  obtained  by  \Voiilcr  and  Devillc. 

(825)  Oxides  of  Platinl-ii. — There  arc  two  oxides  of  platinum, 
I  protoxide  and  a  binoxidc.  T\ie  pnilori(U  (PtO=io6'5)  is  pro- 
cured by  digesting  the  protoehloridc  of  the  metal  in  a  solution  of 
>ota«h :  11  dark-otive  green  liquid  i^i  thus  obtained  owing  to  the 
lolution  of  the  osidc  in  the  excess  of  alkali.  On  neutralizing  the 
loiutton  with  sulphuric  aeid,  a  black  hy<lrut«d  protoxide  of  plati- 
gum  subsides.  It  ia  slowly  dissolved  by  acids,  forming  unstable 
talt«  with  thcoi,  and  is  readily  decompoi>ed  by  hcxt. 

TIte  liitioxide  {PtOj  =  ii4'5)  luia  a  strong  tendency  to  com* 
bine  with  alkaline  ba.scs;  it  is  therefore  prepared  by  adding  to  a 
(olution  of  nitrate  of  platinum  only  one  half  of  the  quantity  of 
carbonate  of  soda  which  is  Decenary  for  it!«  complete  precipitation. 
It  i»  thus  procured  as  a  voluminous  brown  hydrate  (PtOj,2  HO), 
from  whieh  wat«r  in  expelled  at  a  gentle  heat,  whilst  the  mass 
becomes  darker ;  a  hiffher  temperature  cX]h:Is  the  whole  of  the 
oxygen,  llydrated  oxide  uf  pliiLinuni  it  :>uluble  in  solutions  of 
potash  and  soda;  the  compounds  thus  formed  may  be  obtained  iu 
cryauls.  The  eoda  compound  consi.itn  of  (NaO,3  PtOj  +  6  Aq). 
Binoxide  of  platinum  also  enters  into  combination  with  other  hnses, 
forming  compounds  most  of  which  are  iiuoluble.  The  oxide  in 
aUo  »'>luble  in  acids,  and  forms  well  characterized  salts,  the  solu- 
tions of  which  have  a  yellowifth-browii  colour. 

{816)  SuLPniDBa  OF  Platinum. — Pktinum  combines  with 
■u]phur  iu  two  proportions,  PtS  and  PtS^. 

Tlie  prolatulphide  (PtS)  may  be  obtained  as  a  black  precipi- 
tate by  passing  sulphuretted  hydrogen  over  moistened  protoehlo- 
ridc of  platinum ;  it  may  also  be  procured  by  heating  sulphur  with 
the  double  chloride  of  platinum  and  aniinunium,  when  it  a<tsume!> 
the  form  of  a  grey  powder  of  metallic  appearance,  from  which  the 
sulphur  is  completely  ex|R-lled  by  heating  it  in  the  open  air. 

The  BifHlphiile  (PtS^)  is  best  procured  by  decomposing  the 
double  chloride  of  sodium  and  platiuiim  by  sulphuretted  bydrogcu ; 
it  falls  as  ■  dark-browu  powder,  which  becomcit  black  during 
desiccation.  It  is  somcwliat  soluble  in  the  sulphides  of  the  alka- 
line metals.  By  ignition  in  closed  vessels  it  is  converted  into 
proto«ulpbtdo.  When  exposed  to  the  air,  and  gently  heated,  it  is 
partially  converted  into  sulphate,  but  at  a  higher  temperature  is 
wholly  decomposed,  mctalliu  platinum  remaining. 

(827)   CnLoainKs  or  Pj-atinum. — These  correspond  in  numbet 
Mod  compoiitioa  to  the  sulphides  aud  oxides  ot  V\\&  m^v^. 


: 
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In  onlcr  to  procure  the  prolwhhri/U  (PtCI=  134),  the  soln- 
tion  of  platiiimn  in  u^iia  regia  Hlioiild  1>e  eviii>orated,  niul  tiie 
residue  pxposcd  to  a  beat  of  450*  so  long  as  any  chlorine  is  ex- 
pelled ;  the  cnni[ionri<l  vrhicli  reiiiiiinit  i*  tlic  jirotochloridc.  H  i»  of 
on  olitc  colour,  and  is  insoluble  in  water :  it  is  scarcely  aclcd 
upon  by  nitric  or  by  Milpbiiric  lurJd  ;  bydrocbloric  acid  diuolves  it 
sparingly :  but  it  is  dissolved  easily  by  caiutic  pot&sh,  and  by  the 
bichloride  of  j>lutinuni,  witli  n-liich  latter  it  forms  n  double  Mtit,  of 
so  deep  a  brown  colour  as  to  appear,  opaque  in  a  ooncentrafcii 
solution.  It  forms  crystuUizttljle  double  udts  with  tlie  chloride* 
of  the  alkaline  metals. 

Biclihridt  of  Phtintim  (PtC!j=  169-5)  '*  obtained  by  di^mlving 
platinum  in  aqua  regia,  and  evaporating  the  solution  to  drjuem 
by  means  of  a  steam  beat.*  It  is  »  dcliquexeenl  salt,  and  form 
a  deep  orange-culoiired  solution  in  water,  from  which  it  may  be 
obtained  crvstalliwd  iu  prisms;  it  is  also  dissolved  Inrjiely  by 
alcohol  and  by  ether.  When  heated  to  450°  it  loecs  half  ita 
chlorine,  forming  the  protochlorirlc,  and  if  the  temperature  I* 
further  raised,  it  is  completely  decomposed,  and  metallic  plati- 
num is  left. 

^Vitli  other  chlorides  it  forma  numerous  doable  salts,  nhirJi 
arc  produced  by  mixing  ttic  solutions  of  these  chlorides  with  tli»l 
of  the  bichloride  of  )ilat)iuiin,  and  evaporating.  The  dtm&le  chloride 
teilh polaatium  (KCl,PtClj  =  344]  is  a  sparingly  soluble  nnhydroiu 
compound,  tihich  crystalliiea  in  octohedrn ;  it  is  insoluble  in 
alcohol  and  in  ether.  This  st^t  is  commonly  used  u  a  means  of 
deteruiiiiiiig  uiialytieslly  the  (juanttty  of  [lOtash  in  a  eomjwural. 
It  is  (lecom|)oscd  by  a  red  heat,  into  chloride  of  pota-ssiiim  and 
metallic  platinum.  The  du<ible  chloride  of  piatiman  and  todma 
(NaCl,PtCU  +  6  Aq)  crj'stallizcs  in  beautiful  red  striated  prisms, 
which  are  soluble  in  water,  alcohol,  and  ether.  With  cA{t,rid««f 
ammoniuvi  a  conipouud  is  formed  (H^NCl,PtCl,=223)  very  simitBr 
in  appciirance  to  tliiit  with  potassium,  with  which  it  i.t  i!<omorphoai ; 
it  in  Biiuringly  soluble  in  water,  and  is  iusoluhlc  in  alcohol  and  in 
etlicr.     ThiH  salt   is   employed   in   aualyius  for  determining  the  ■ 

■  In  an  actife  Isboratmr  a  number  of  rcaiduM  eoatalain^  platinnis  rts- 
dunlly  BccuDJulitle,  uuJ  th^sr  niu;  \>e  tuniifd  to  •omual  in  ibv  fullovicg 
miuuier; — Tlio  noliition*,  mixed  nith  thp  prFci|>itales,  are  ovaporalMl  to  "hy") 
tIO»s.  sdH   trnnifiTrcd  to  a  ctnj  eriiclhlo  in  whioh  thnj  snr  h^t^  stroag(j<J 
with  fpfo  lU'CPM  ol'air.  in  order  to  bum  off  orjtanip  iuntt«ni;  sfWr  wtiichj 
Teaiduc  ui   boiled  with  IivilrucUcrio  add.  then  wilh  "•tcr,  and  lutll 
nitric  nciil;  a  Ihorounh  wMljiiic  witb  i"iili'r  follows.    The  impurities  n 
tJiD*  been  removed.  VUo  mi&uA  v^>i^ux>uti  \uu>^\r  wnavE^Md  \aM  bichloridv  }ti\ 
aiMasof  aqua  re^ia. 
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qnantitj  of  ammonia  prosnnt  in  anlutiorut.  Tt  is  al^o  nindc 
nse  of  for  wparating  platiuum  from  the  otiicr  mctats  with  which 
it  i«  associated,  after  they  have  been  brought  iuto  solution  by 
tKating  Ihc  ore  with  aqua  rcgia  (8ji).  When  the  chloride  of 
plntioum  and  ammonium  h  ij;iiitei1,  the  ammonium  and  chlorine 
are  wholly  cjrpcllcd,  and  pure  platinum  remains  in  the  spongy 

I  form. 

I  (faS)  Ba»ic  Ammomacal  derivalive*  from  the  Chloride  of 
PlattHum. — The   action   of  ammonia    upon   tho   protocliloridc  of 

(platinum  fives  rise  to  the  formation  of  several  remarkaWe  cora- 
ponud  buses,  the  composition  of  which  offlr*  considerable  interest 
in  a  theoretical  jjoint  of  view.  Magnus  found  that  if  ihe  proto- 
chloridc  of  phitinum  be  dis«oK-cd  iu  hydruchluric  acid,  the  addition 
of  an  excels  of  ammonia  to  the  boilinj;  solution  cuuaCH  the  depo- 
sition of  brilliant,  green,  acicular  crystals  wliieh  arc  insoluble  in 
water  and  in  hydrochloric  urid :  they  contain  the  elements  of  3 
atoms  of  protochloride  of  platinum,  and  2  of  ammonia  (PtgCljU^Nj). 
This  coinjiound,  however,  unilergoes  no  change  when  digested  at 
ordinary  temperatures  iu  solutions  of  the  caustic  alkalies,  or  in  the 
concentrated  acids,  but  when  twiloH  nith  them  it  is  slowly  decom- 
posed. If  digcHted  iu  nitric  acid,  one  half  of  the  platinum  is 
sepamtcd  in  the  metallic  state,  and  un  evaporating  the  solu- 
tion, a  salt  in  obtained  crystallized  iu  small  flattened  prisms 
(PtClIIgNjO,NO().  Neither  the  chlorine  nor  the  platinum  can  be 
detected  in  this  Kolutiou  hy  the  usual  tents.  The  nitric  neid  may 
be  displaced  from  it  by  double  decomposition  with  sulphate,  phos- 
phate, or  oxftUtc  of  i<o(bi,  and  a  sparingly  soluble  sulphate,  phos- 
phate, or  oxalate  of  the  base  is  then  formed.  The  base  of  these 
salt»  (commonly  called  (iron's  sails,  from  the  name  of  tlieir  dis- 
coverer) has  not  been  isolated. 

Racwsky  discovered  that  if  the  green  salt  of  Ttfognus  be  boiled 
with  ati  excess  of  nitric  acid,  red  fumes  arc  disengaged,  and  a  dif- 
ferent salt  is  formed,  which  may  he  obtained  in  crystals  on  eva- 
poration. The  nitric  acid  may  lie  displaced  from  this  compound 
by  an  equivalent  quantity  of  oxalic  or  of  carbonic  acid. 

Besides  these  compounds,  other  jilulinimi  bases  derived  from 
ammonia  liave  bceu  obtained,  of  which  tlic  following  is  a  brief 
account 

Plafosamhie ;    Heisei'g    second    base    (PtHjiNO), — This    Is    a 
grcv'ish  mass  insoluble  in  water  and  in  ammouia,  which  may  be 
obtained  by  heating  the  hydrate  of  diplatosamine  (PtHjX,0,IIO) 
lo  230*,  so  long  as  it  gives  off  water  and  BLmmoma..     1\.  cnwJwwe,*. 
I   mjtii  acida,  and  foniis  salts,   moat  ot  w^ricVi  &tit  "w^ft\v^>\«,  m-A  , 
I %  ^ 
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detonate  on  tlie  application  of  lieat.  Chloride  of  plalosamiue 
(PtH,NCl)  may  be  obtainrd  by  heating  the  cbloridc  of  the  fol- 
luwing  Imim:,  »o  long  a-i  it  giveji  off  water  und  ammonia. 

Diiilalonamine ;  Reistl's  first  bate  (PtHjNjO  +  IIO}.— Tills  buH- 
stancc  may  be  procured  a»  n  hydmtc  in  deliquescent  needles,  which 
are  powerfully  alkaline,  caustic,  and  absorb  carbonic  aoid  from  the 
nir.  It  i«  tiMiiUly  isolated  by  decom|iO!>iiig  itit  :<ulpliatc  by  its 
exact  eqniTalflnt  of  hydrate  of  baryta.  In  order  to  prepare  ita 
salts  the  grwrn  compound  of  Mognu:«  (PtjCljII^Nj)  is  brought 
into  wtlutioii  by  boiling;  it  for  some  houi-»  with  a  solution  of  caa>i. 
tic  ammonia,  when  the  chloride  of  diplatosaminc  (PtHj>i,Cl  +  nO) 
i!«  formed  in  tho  lii^uid  and  crvNtallizeA  easily.  If  a  aolntioa  of 
this  aalt  be  ciccoiepo»cd  with  Sii  equivalent  of  sulphate  of  ulnir, 
the  Htil|)li3te  of  diplatoHftmiiie  i»  obtained,  nnd  may  readily  be  pro- 
cured in  crystals ;  the  uitratc  may  be  obtained  by  similar  means. 

Platinamine ;  Gerhardl'x  basr  (PtHjNOj). — ^Tliia  compound 
innv  be  obtained  in  the  form  of  striated  verv  brilliant  rhomboidal 

m 

prisms  of  a  yeiloniKli  colour.  It  is  nearly  insoluble  in  boibug 
uater,  ia  not  decomposed  by  a  boiling  solution  of  potasli,  but  is 
readily  dissolved  by  diluted  acids,  nnd  forms  a  laigc  number  of 
crystalUzable,  spatin^ly  soluble  salta,  which  arc  of  a  yellowitib 
colour.  Some  of  these  salts  arc  neutral,  and  sonic  arc  acid. 
Platinamine  is  usiially  obtained  by  adding  iimnionia  to  a  boilinj; 
solution  of  the  neutral  nitrate.  If  chloride  of  platosamino  be 
Ntu-ipoiided  in  boiling  water,  and  submitled  to  a  current  of  chlorine, 
the  elements  of  ammonia  arc  removed,  and  it  is  slowly  transformed 
into  biebloride  of  platinamine  (PtHjNClj),  and  tbiJt  by  long  boiling 
with  nitrate  of  silver  is  converted  into  the  nitrate  of  platinamine 
(PtHjNO„K0...'j  HO). 

Diplatinamine  is  supposed  by  Gerbardt  to  be  the  base  of  the  salts 
of  Gros  and  of  Bncwsky;   but  it  has  not  as  yet  been  isolated. 

The  foltoiriuf!;  table  contain*  the  formula;  of  the  principal 
series  of  thciC  comjwuuds  which  have  been  ascertained  to  exist  :* — 

1 .  Salt*  of  Plaloaaautte  (Beiact's  second  bfwc). 

Platosaiminc PtTIjNO. 

llydrochloratc  of  platosaminc   (yclloir)     PtH^NCI. 
Nitrate  of  platosaminc rtnsNO,NOi. 


*  Tli«  fullovinc  paper*  mtij  be  confulti-d  upon  this  subject:  Gros.  Jnn. 

lie  Cliimic.  II.  IxiiL  1041  Ri-isi't,  Ih..  III.  xi.  41;:   Hncweky,  /S,,  III.  xxii. 

>j8i  P«_vn>u«i, /.•>^(y>.iannf.,  )i.  1,  and  Ir.  105;  GtThardt,  Comptet  RfoJiu 

At  Iracaux  dt  CAimie,  \>tkT  \,n\LT«\\V  vl  QtnVuiV.  v>^i^.  ^.  ti^  and  1850. 

p.  aj3 1  Uuektou.  H.  J.  Clwfli-  Sue.  ■» .  iv j,  ni4  vi^.  ■»»■ 
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z.  Salit  of  Diplatosamme  (R«i»ct's  first  base). 
Diplatosaminc  (hydrate  of)        .     .     .     PlH,N..O+ IIO. 
Hjdrrtcliloralc  of  diplato^aintnc      .     .     PtIIjX.j.CI  +  HO. 

Mugnus's  green  salt PtH,N,Cl,I»tCl. 

Nitrate  of  <JipIato»amine       ....     PtllgN^OjNO,. 
Bicarbonate  of  diplatosamine     .     .    HO.PtfrgN^O,  j  COj. 

3.  Salts  qf  Platinamine  (Gfcrhariit'a  bam}. 

Platinamine PtII,NOj. 

BibytlrocMoratc  of  plntinamine .     .     .  PtH,NCIj. 

Neutral  nitrate  of  platiiiaDiinc        .     ,  PtIIsNO,„N04  3  HO. 

Binitratc PtH,NOy  a  NO,. 

4,  Sails  0/  Diplalinamine. 
Diplatinamine  (not  isolatoil)       ,     .     .     Ptll^NjOj. 
Hydrocblorate  of  diplatinainitie      .     .      PtHjN,jCI. 

Neutral  nitrate PtII„\„0^,NO^,  HO. 

Saaquiiii  irate 3  (PtHX0t)'3  ^'^^j.'*"- 

5.  Sails  obtained  Ay  Gros. 

Base  (not  isolated) PtCIH^NjO. 

Hydrocliloran; PtClH^NjCI. 

(viewed  by (icrhardt as bihydrocblorate^  p...  ■vtci 

of  diplatiuamine) j  •    a    *■ 

Nitrate PtClHgNgO.NOj. 

(S.  Salts  obtained  by  Raewsky.* 

Base  (not  isolated) 

Binitrate  {crjsUdlized) PtjCIH,iN.O„  iNO^. 

Pliosphate Pt,(nH,.N^04,PO,.HO. 

Bicarbonate PtjClH^jN.Oj,  2CO3. 

(839)  Ttie  Bibrontide  of  Platinum  is  a  browu  innolublc  powder. 


*  Gerbardt  (liBpttti.'B  tlie  nirrtctiipin  of  Itaewgkj's  formuin,  wlucli  nro 
cerUioly  itry  complicntcd  unil  impmbablc :  he  found  tlirsc  compounda  to  con* 
lain  >  UoDia  1n«  of  oxytreii,  nud  rr^&ril*  tlie  salts  JUvcTcrod  by  Kaonaky 
»M  Kowiiiiiirid  talis  of  diptHtiiitnume,  find  he  views  lliose  of  Gro*  u biacid  salta 
of  dipUtiDHuiiue.  in  some  of  which  t.tro  acid])  nro  proseut.  Bulam-riuajiobW- 
tion  to  lliiB  Iheorj'  of  (irog's  anlU,  is  nflbrded  by  the  fael  iLal  Gross  liydrg- 
dilont^  abandons  only  hiilf  il»  rh!L-.nnf  «hi-ii  miird  with  (he  oolutiou  of 
nitnt«  of  aiircr.  It  ought  to  pvc  up  tlie  whole  tvi-rc  Uerbnrdt's  hypothefiia 
oorrect. 

A  very  ingrtiiouii  theiTi'  of  the  coropositioii  of  thefinl  four  b(uic*hu.tv»««. 
propOKrd  hr   (h*  tame  ehvuihU      He  8UppO»i;B  v^*^'''**"^.  w  finwawtv  ■wWV 
trrciai  alhvr  aeluU  (aucJj  a^  luuruury,  iron,  tittUD.dvUBi  wi&  i:-^iWt,\}i'Hia.\ia- 
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A  Bittiodide  of  Platinum  is  precipitated  u  a  ipariagljr  Holuble  pov. 
der  of  a  deep  winc-rcd  colour,  on  adding  iodide  of  potassium  to  a 
dilute  aolutioD  of  bidiloridc  of  platinum. 

/■Wwina/in^  plaihum  (PtaHNOj+4  Aq=(j  Pt).N,0,HO  + 
4  At)  i  Gcrlmrdt)  is  procured  ns  au  insoluble  black  powder  bjr  dis- 
solving tlie  cbloride  of  platinum  and  ammonium  in  a  solution  of 
ciiu:>tic  soda  aud  adding  an  excess  of  acetic  acid,  or  by  precipita- 
tibg  tlie  sulpbatc  witb  an  excew  of  ammonia.  It  may  be  regatded 
tx  a  tiydratod  oxide  of  ammonium  in  which  the  4  atom«  uf  liydro^ 
geu  liiire  been  displaced  by  two  atoms  of  platinum,  or  by  4  cqiu- 
voJcots  of  plaliniauN.  Hydrochloric  acid  di^vilvcs  this  compouDd, 
foi-ining  with  it  a  vcr^'  soluble,  uucryitalliuble  salt :  other  acids  de- 
compose it  with  formation  of  ammoniscal  salts.  If  saddcnly 
hcutcd  to  about  ^<x>°  it  explode*. 

The  permtphate  of  platinum  may  be  formed  by  treating  the 
bisulphide  withfumiiig  nitric  acid,  uiiil  Ki-uting,  to  expel  thecxcctt 
of  nitric  acid.  Tlie  pernitrate.  may  be  formed  by  decomposing  t 
solution  of  the  persulphate  by  an  cquivaleut  quantity  of  tlic  nitrate 
of  i^ryta ;  both  tlic-ac  -lalu  yield  insoluble  double  snbsalta  on  the 
ad;litioa  of  an  alkali. 


the  powvr  ofaiteritkft  Into  omnlfinntion  n  itii  two  diflVtvnt  proportional  nam- 
Wra ;  ose  of  thsso  is  th»  number 08-,^.  ordinarilj-  aamimed  ai  tltpatoroio  weight 
cf  tUo  motal  (wliich  bt>  terms  plaltHiiium),  liaviii);  a  symbiil  Pi.  Tb»  otW 
proportiooftl  i*  ciianl  to  oo*-li.ilf  of  tliit,  or  49'8,  «nii  is  I«r([i«il  ffatiitifmm,  it* 
■ymbol  bcifiK  pt.  or  (J  l*')-  Tlx^  c»ni|)(iiinil  nsiulij  knnwn  hs  prDl4X'h1on(lii>')r 
pliiliiiiun  (I'tCl).  Gi'Thanlt  toniii  ekloridt  of  Blalinotum ;  and  tfii*  aalt  ordi- 
aarJy  duacribed  m  biehtoridc  of  plutinum  FtCif.  bo  drtiguatcs  aa  eUoriiU  at 
platiiiicvm  (ptCl)  or  (I  Pt.CI). 

Ths  difleront  plalinam  liuee  are  viewed  br  O^rhardt  aa  eorapotiod  ■iiiit 
nias  in  which  a  portion  oflbe  liydro^i'n  UtliBpIatedbj  plalinom.  Tlic  saJuof 
pin toMa mine,  nt  n-r<ll  no  liuwc  of  iliplninsnininn,  rpqnire  I  «qaivalonl  of  a  moao- 
Iiaaii^  acid  for  their  ni'iilrnlixnlion  ;  tWcy  nnrh  enntnin  1  prap<irti<inalof  platia9> 
Buru.  tliis  bi'tng  tin-  (^Icnu-nt  nliirii  oonfon  upon  llipm  tlwirboaicponor.  Tlw 
nh*  of  plutiiintiiinc.  aud  of  diplatinummi.'.  an  tlic  utUrr  hand,  an?  >iip]H>>rd  to 
contain  3  nroporliouals  uF  platitiit-uin  1  uud  thus  tltH  neoeMity  for  3  pi)tnTB> 
tents  of  ai?[d  in  ordvr  10  neatralixi>  liieso  banes  is  explained.  Tb(^  roHewau 
table,  which  rcprcnnts  the  campoimds  formed  by  thne  diffuronl  l»9<s  w» 
hydruchloric  acid,  will  illustrate  thia  theory  :— 


CbloridviofPbliiEiim  Bmb*. 

Hydrocblorate  of  P!stoMmin«    . 

DiplatoaBBiiiM 

•  Platiiiamiao   . 

— DiplRtiiianiin« 


B7  n>rliar<lr>  Itinir.       Brnj^ilral  rsiwali 

.  PlH.N.HCl  .  .  PtHJfCI. 
.  I>tll,N„HCI  .  .  PlH.N.CL 
.    (il't),HN.3HCl.    p.n,st:i„ 


This  t]i«ory  of  tho  oxiRtenoe  of  two  diOTereat  «qiiirdeBta  of  platinan 
adapt<i  iisL'If  Very  happily  to  tho  caao  which  we  are  oowooiuideritis.  tutwheu 
(fall  Dtlenipt  is  Tiudc  to  K«iiu;rntiM  it,  by  amumtng  that  iron,  oOfiper,  tui.,  al»> 
Urn  I  irn  diifi'roQt  e<iniva\<f  nU,  \\  i,»  ov°a  \o  ^er|  verwma  dw^ceMnuL,  which  art 
JuaJ  to  i(d  i^tucrul  ado|ili.<»u. 
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(S30)    CltARACTKHit  OP  TIIR  SaI.TS  OP  PlATINVU. — I.  Thc  pTOtO- 

taiu  of  plationm  arc  unimportant. 

a.  Of  tlie  pertain  of  pliitinum  thc  tMchloriJe  is  the  only 
mlublc  compound  of  frequent  occurrence.  Tliese  tiiilts  arc  (li.** 
tingui.tlitxl  by  llic  follovfing  cliiiractcrs.  When  heated  they  arc  all 
decomposed,  and  leave  a  residue  of  metallic  platinum.  They  have 
M  brownish -yellow  colour  in  solution  :  with  potash,  or  iritb  any  of 
its  salts,  they  give  a  yellow  precipitiiti!  of  tbe  chloride  of  ptatltiiim 
and  pot»siiira,  which  is  soluble  in  a  large  excess  of  caustic  potash  : 
soda  precipitatea  a  brown  liydrated  oxide  which  i»  soluble  in  ex- 
ce«»  of  thc  alkali :  with  ammonia,  or  a  soluble  anlt  of  ammonia,  a 
yellow  chloride  of  pliitiiiiiin  tuid  ammonium  is  precipitated,  which 
is  decomposed  by  heat,  leaving  metallic  platinum.  Fulfthurclled 
hydrogen  and  Aydroaul/i/iate  of  ammonia  gWc  a  black  sulphide, 
wliich  is  soluble  in  a  large  exceai)  of  the  sulphides  of  the  alkaline 
oietaU. 

SotutioRB  of  tlie  Kiilttt  of  platinum  are  reduced  by  thc  tnhnitrate 
of  mercury,  but  not  by  protosutpfiafe  of  iron,  i'rofochhride  of  tin 
producea  a  very  deep  brown  solution,  but  yields  no  precipitate ; 
iodidt  of  potassium  gives  a  brown  preeij)itate  of  iodide  of  platinum. 
The  Moliitions  of  the  JwilUt  of  platinum  arc  readily  reduced  to  the 
metallic  state  by  meaua  of  zinc  or  i><wi.  Oxalic  acid  exerts  no 
reducing  iictiou  upon  thc  salts  of  platinum,  which  may  tlins  be 
scjiaratcd  from  those  of  Rold ;  and  after  tbe  gold  ha»  been  preci- 
pitated in  this  manner,  the  platinum  may  be  thrown  down  in  the 
metallic  form  by  boiling  the  liquid  with  a  ttoluble  formiate,  taking 
care  first  to  nentmluEC  the  liquid  by  the  addition  of  carbonate  of 
soda. 

{831)  EttimaiioH  of  Platinum. — Platinum  may  be  estimated 
either  in  the  mi-l;illic  state,  or  in  the  form  of  a  double  chloride  of 
platinum  with  pota^ium  or  ammonium.  Thc  solutions  from  wbiclt 
tbesc  double  salt«  arc  precipitated  should  be  concentrated;  the 
complete  se|iaration  of  the  salt  is  favoured  by  thc  addition  of  nlco- 
hoi,  and  thc  washing  of  tlio  precipitate  should  be  performed  with 
dilute  alcohol.  Platinum  may  thus  be  separated  from  all  thc 
metals  hitherto  described  :  lOO  parts  of  tlie  double  chloride  of  pl^ 
tinum  and  pot^ivium  contain  40*43  of  the  metal;  and  lOO  pBJtt 
of  the  ammoniacal  salt  contain  44'*8  of  platinum. 
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$  V.  Pallabium   (Pd=53-24).    Sp.  Gr.  11-4  to  ii'8. 

(832)  PxLLADiru  is  one  of  tlie  rare  mptala  wbifih  occtif  cTiicflr 
ill  the  ore  of  pintiiiiim,  in  nhicli  it  was  discovcrwl  hy  Wollaston in 
the  year  itio}.  It  usually  fonnn  from  i  to  y  per  cent,  of  tbctc 
ores.  Acconling  to  G.  Rose,  paUadium  is  dimorphon;,  Miice  it  it 
found  native  in  cubes,  and  in  stx-!ii<{ed  plates. 

Iti  order  to  rxtract  the  metal  from  the  orr  of  platinum,  the 
solution  of  tbiR  ore  in  aqtia  regia  ii«  (rented  vith  cbloride  of  Bm- 
nooium  with  a  new  to  separate  the  platinum,  as  nlresdy  devcribed 
(831),  nod  to  tbi:;  filtered  liquid,  t^anidv  of  mercury  in  solatioa  b 
added;  a  yellowish-white,  flooculent cyanide  of  piOIadium  subsides; 
this  is  coi]verte<l  into  a  Hiilpbidv  by  bentitig  it  in  enntaet  with  sul- 
phur, and  the  sulphur  is  subsequently  espellcd  by  repeated  ronst- 
iogs.  Another  source  of  pallrtdium  is  the  native  alloy  which  it 
forms  with  ^old,  and  nliich  is  found  in  the  Krazllian  mines.  Tb 
order  to  extract  the  palludium  from  it,  Mr-  Cock  direct*  the  alloy 
to  be  fused  with  silver,  and  then  boiled  in  nitric  acid,  by  which  all 
the  mctnl»  except  the  ^oUl  are  brought  into  «iluiion.  The  de- 
canted liquid  is  next  mixed  with  a  fiotutioii  of  common  wdt,  by 
which  the  whole  of  the  silver  is  thrown  down  in  the  form  of  chlo- 
ride, wbiUt  the  palladium  with  the  other  metals  (which  eoiisist 
priucipftlly  of  copper  with  nome  ictu\  and  iron,)  still  n'^niain.t  dU- 
Kolvcd.  Kara  of  metallic  zinc  are  then  introduced  into  the  liquid, 
and  these  metals  are  precipitated  upon  the  Kinc  in  the  form  of  a 
black  powder,  coiisi&tinjj  of  reduced  metal.  This  preeipitate  U 
washed  and  redissolved  iu  nitric  acid,  snpcrsatnrati.%1  wilh  ammonia, 
which  dissolve!!  the  oxides  of  palladium  and  copgier,  while  those  of 
iron  and  lend  are  precipitated  :  the  clear  liquid  is  now  supcrsatu- 
ntcd  1^  Itydroehloric  acid.  Palladium  is  thiu  thrown  down  la 
the  form  of  a  yellow,  sparingly  solubte,  double  chloride  of  palla- 
dium and  anmionium  ;  by  ignition  it  i«  re(lncc<l,  and  agglutinates, 
but  does  not  fuse.  A  small  quantity  of  palladium  still  remains  in 
•olutioii,  and  may  be  recovered  by  the  introduction  of  hara  of 
iron. 

Palladium  is  a  white,  hard  metal  ))ossc«Kcd  of  coiwiderable  dap- 
tility  and  tenacity.  It  is  not  fusible  in  an  ordinary  wind  furnace, 
but  melts  at  a  lower  temperature  tbau  platinnm.  Deville  mkI 
Debray  state  that,  like  silver,  it  absorbs  oxygen  when  melted,  and 
OS  tJic  metal  cools  tlit  gloWXe  wiftt*.  Before  the  oxyhydrogcn 
Won-jjipc  it  burn*  vi'iCsk  *c\ftVii!&s>Ji»tt,  w,A\V'>M:«wA.^i\i\vaw.''«.\[ 
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slowly  dispersed  in  green  vapours.  It  undergoes  no  cLange  in  tlic 
open  air  »t  oriltinirr  lum|K-^ftLll^t^^;  but  at  u  low  ml  heat  it  bcr> 
OODies  covered  witli  au  iridescent  Qliu,  owing  to  a  superficial  oxi- 
dation ;  on  increuaiug  t)i«  Itcut,  tli«  oxygen  i«  e!C[i(rllcd,  and  the 
iDutal  resumes  its  brilliaut  surface.  Palladium  is  dissolved  when 
Ikcaied  in  nitric  iici^t,  or  in  uquu  regia,  lint  it  IH  acted  iipon  hy  the. 
otiicr  acids  with  difiieulty.  When  fused  either  with  bisulphatc  of 
potaab,  with  nitre,  or  nttb  the  ulkalics,  it  i»  oxidixed.  If  a  roIu- 
tiou  of  iodine  in  alcohol  be  evaporated  on  a  slip  of  palladium,  a 
■taiii  i»  left,  by  which  this  metal  is  at  once  disliiigiiiKlicd  fnini  pla- 
tbiam.  Palladium  combines  readily  with  ^Id,  which  is  rendered 
brittle  by  it»  presence  even  in  small  proportion.  It  hii.t  n  remark- 
able power  of  whitening  the  colour  of  gold,  even  though  present  in 
the  mixture  only  in  small  quantity ;  and  when  it  funnK  so  per 
cent,  of  the  ma**,  the  alloy  is  quite  white.  If  alloyed  with  twiec 
it«  weight  uf  Bilrcr  it  forms  a  ductile  compound  which  >»  well 
adapted  for  the  con:>truction  of  small  weights.  \Vhea  melted  with 
8  times  its  weight  of  tin,  at  a  red  heat,  an  alloy  is  fonned  (Pd^Sn,), 
which  is  obtaiutnl  in  beautiful  brilliant  lamellw  on  digesting  the 
maw  when  cold  in  hydrochloric  acid.  Palladium  has  been  applied 
in  a  few  eases  to  the  construction  of  graduated  scales  for  a&tro- 
nomieal  instruments,  for  which,  by  its  wtutene««,  harduess,  and 
inalterability  in  air,  it  is  well  adaptcil. 

(833)  OxiDEii  OP  Pallaihum. — This  metal  api>ear«  to  form 
three  oxides  :  a  protoxide,  PdO,  which  is  the  hiwe  of  the  salts  of 
tlie  metal ;  a  binoxide,  PdO, ;  and  a  suboxide,  PdjO,  wliich  fur- 
oishcs  a  scries  of  salts  resembling  those  of  suboxide  of  copper,  and 
which,  according  to  Kane,  is  obtained  by  heatiug  the  liydrated 
protoicide  to  incipient  redness. 

The  protoxide  iPdO=6i-i)  may  be  procured  as  a  black  powder,^ 
by  heating  the  nitrate  to  low  redness ;  or  it  may  be  obtaine<l  upon 
adding  carbonate  of  potHsh  or  soda  to  it*  salts,  as  a  dark  brown 
hydrate,  soluble  both  in  acids  and  in  alkalies,  and  from  which  tlio 
water  may  be  expelled  by  heat.  At  a  bright  red  heat  it  luces  its 
osygea. 

The  binoxidr  (PdO^)  is  prepared  by  decomposing  the  solid 
double  chloride  of  p:illadium  and  potassium  by  u  solution  of  pot- 
ash ;  it  forms  a  yellowish- brown  hydrate,  which  obstinately  retains 
a  portion  of  idkali :  it  is  soluble  in  the  alkalies ;  by  lioiling  it  with 
waiKr  it  is  rendered  anhydrous,  and  is  tlicii  deposited  as  a  black 
powder. 

Sulpldde  of  Pallatlifim  (FdS)  may  he  formed  either  dircetlv, 
bf- Iiitntiiig  iKiniivnti   sulphur  with  iKiilaAmu'i,  ot  Vj 'j\te\V\V»w.v-'?» 
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the  salb  of  the  protoxide  bj  means  of  siiliihurettcd  h;dn^^;  U 
forniB  a  fusible,  gre^ish-vUite,  lustrous  mass,  liom  which  best 
cxpcl»  till;  sulphur. 

If  a  piece  of  palhuHum  fuil  or  wire  be  held  in  the  flsmc  o(  i 
fpirit  lamp,  foot  is  speedily  dcpositol  to  Urge  quantity,  the  fwlot 
wireia  corro(Ie<),  a»<l  llic  mam  of  aool  ia  fotiud  to  oootaiti  palladiom 
throughout,  owiog  to  the  formatioa  of  a  carbide  of  tlie  metal. 

(834}  Chloride  0/  Palladium  (PdCl)  b  obtained  by  evaporating 
to  diyncia  a  solution  of  palladium  in  aqua  n^a  ;  it  forms  hro»D 
hydrated  oryftals,  which  become  black  wiiftii  liie  water  is  expelled; 
if  heated  to  redness  metallic  palladium  is  left.  Chloiidc  of  paltk- 
dium  forms  double  salts  with  the  Kiluble  cliloridea;  tbooe  witk 
potassium  and  aiiinioiiiiim  are  yellow.  With  ammonia,  chloride  oi 
palladium  forms  a  scries  of  compouutls  smulogous  to  tho»«  of  pitti* 
num  (82S) :  one  of  them,  palladamine  (1M!1]N)0,  is  a  crystallix- 
able  powerfully  alkaline  base.  Tbc  bicklaridt  of  palladium  {PdCy 
exists  in  solution  in  aqua  regin,  but  cauiiut  be  obtained  in  crystals: 
it  forms  double  salts  with  the  chlorides  of  the  allcnliuc  metals ;  the 
double  w»It  with  potasuum  cryHtaliiKi"*  in  mby-red  prisma. 

Iodide  of  Falladtum  fPdI  =  i8o'2). — Tbis  compound  is  obtained 
by  luliling  n  solution  of  nsidt  of  palbidiuui  tu  slight  excess  tooiteof 
iodide  of  potassium.  IL  is  a  black  powder,  insoluble  in  water,  but 
Bolubk^D  ammonia,  and  in  a  solution  ofiodideof  potiumium  ;  a  solu- 
tion of  palUdium  is  sometimes  employed  as  a  precipitant  for  iodine 
when  it  is  neci.-s«ary  to  separate  iodine  from  chlorine  and  bromine 
(446).      Iodide  of  palliidium  lo»cs  ita  iodine  when  strongly  heated. 

Cyanogen  has  a  stronger  affinity  for  pallailium  than  for  any 
other  mctiil.  This  cyanid«  is  prociin^d  ».■>  a  yellowish  precipitate 
by  adding  cyanide  of  mercury  or  of  potassium  to  neutral  solutions 
of  any  of  tbc  saltK  of  p:i1Iailiura  ;'  it  i»  voluble  in  ammonia,  in  acids, 
and  in  cyanide  of  potaiMiura ;  it  forms  a  scries  of  double  cyanides. 

The  Sulphate  of  Pallathum  (PdO,SO,)  iiuiy  Ije  obtwiied  by 
decomposing  the  nitrale  by  sulphuric  acid,  or  by  dissolving  tlie 
oxide  in  sulphuric  acid.  It  is  a  deliquescent  salt  which  forms  a 
deep  brownifih-red  solution ;  when  heated  it  loses  acid,  and  fur- 
nishes a  siibsalt. 

The  nilrate  is  formed  by  boiling  nitric  acid  on  palladimu:  it  may 
he  ohtflined  in  rhomboidal  prisms ;  tbcy  arc  freely  soluble  in  a  small 
quantity  of  water,  and  yield  a  deep  reddi»h-brown  liquid;  but  ou 
being  largely  diluted  the  neutral  salt  is  dcoomposcd,  and  an  inso* 
luble  biu<ic  nitrate  is  prcn'pil.ited.  If  ammonia  in  excess  be  added 
>t)ie solution  of  the  nitrate.,  ai\  an\mouiaeal  nitrate  of  palladium 
By  be  crystallized  from  it  m  K«uu.\'fcM\M  \aWw». 


CUAUCTEaS  OP  TBK  SALTS  Or  rALUOlUU — UUODtlTM.        761 

(8_J5)  CiiAKACTEK*  or  ini:  Salts  or  PAi.i.ADtru. — Th<!  proto- 
silts,  or  onlinary  Balt«  of  palluilium  form  cttlier  brawu  or  red  solu- 
tions, which  when  iimitrul  itrc  <li9tiuguialie<l  by  thn  vcliovi»h  pre- 
cipitate of  cyauidc  of  pallttdium,  formed  on  addiog  q/anide  of 
mercury.  Tlic  lixwi  alkalu-*  precipitate  the  compomidiii  of  iwlla- 
dium  iu  tlia  form  of  a  red  or  orange  aabsalt,  whieh  is  soluble  la 
exoeN)  of  tlic  nlkali  by  the  aid  of  lii-at.  Ammonia  and  itt  carbonate, 
nheu  added  to  a  aoliitiou  of  cMoride  of  palladium,  give  a  Bcsh- 
oolourvd  precipitate,  solubtc  in  cxccm  of  ammoniiu  Nitrate  of 
palladium  givea  a  brown  preci|)itAtc  with  ammonia.  Carboaatea  of 
fottuh  Mid  of  soda,  jictd  a  browu  prccipitRte  of  thcbydratcd  oxide, 
with  sails  of  pulkdium.  Iodide  of  polaativm  precipitates  a  black 
iodide  of  palladium.  Suiphuretted  hydrogen  aod  hydrosuipkute  ^f 
ammaula  throw  tlon-ii  a  blaek  Hulpliidc  of  palladium,  insoluble  in 
the  Eulphidcs  of  the  alkaline  metals.  Solution*  of  the  salts  of 
palladium  are  redueed  by  a  solution  of  yrolondphate  of  iron, 
and  by  many  of  the  metals,  the  reduction  being  facilitated  by  heat. 
Protochioride  of  tin  produees  a  dark  brown  precipitate,  which  is 
soluble  in  hydroehlorlc  aeid,  forming  an  intense  green  solution, 
which  becomes  reddish  brown  on  dilutiou. 

Palladium  may  be  »C{i»rated  from  all  other  metals,  except 
Gt^pcr  and  lead,  by  the  addition  of  tbc  cyanide  of  mercury  to  the 
Bohitiou  previously  uciitraliMid  by  means  of  carbonate  of  aoda. 
Tlic  cyanide  of  palladium  when  ignited  in  tbc  air  Icares  metallic 
palladium. 


^ 


§  VI.  RuoDicu  (Bo=53-i6).     Sp.  Gr.  ii-i. 


(836)  Rtiooiuji  was  discovered  by  Wolla-tton  in  1803.  It 
usually  forms  about  one-half  per  cent,  of  the  ore  of  platinum ;  it 
may  be  extracted  from  the  solution  of  this  ore  in  at^ua  regia  after 
the  platinum  and  {Killadiuni  have  been  separated  by  tbc  addition 
of  sal  ammoniac  and  cyanide  of  mercury  :  tlic  excess  of  cyanide 
ofmenniry  ij  then  dceum|io»Cfl  by  acidulating  the  solution  with 
hydrochloric  acid,  addinp;  common  salt,  aod  t-vsiporating  to  dry- 
ness;  the  chloride  of  fudiuni  thus  forms  double  chlorides  with  all 
th«  metals  in  solution ;  the  residue  is  treated  with  alcohol  (of  sp. 
gr.  o8j7),  which  dissolves  nil  these  doiiblc  salts,  except  that  of 
aoditim  and  rhodium,  which  remains  behind  as  n  red  powder;  this 

I  is  dissolved  in  water,  and  the  rhodium  thrown  down  in  a  pulvcru* 
lent    form   by  means  of  bar*  of  metallic  kiuc.     The  cUorwle  qC 

sodium  and  rhodium  amy  al-w  bc  dccomyooe^  \^;s  \Ma.Vwv^'A  wa.  ^ 
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oiirrrnt  of  liydrogcii  gns,  vrltcn,  on  vriuhiiig  tiie  mas«  witli  valtr, 
the  rliodiuiu  is  iefi  in  a  piilvenileiit  form. 

Rliodium  i«  a  white,  very  hard  metal ;  vhcn  quite  pan.',  it  » 
malleable  after  fusion  uiKiti  lime,  and  it  tlieii  lias  a  sj).  gr,  of  i  I'l. 
It  requires  a  stronger  lient  to  fuF>c  it  than  jilatiDUtn,  and  wIkd 
melted  hh*  h  similar  tendency  to  ahwrb  oxygen  and  to  spit  utlie 
globule  ticts. 

Devillv  iwya  that  rhodium  ruri)i»hc!t  an  alloy  with  jihttiuum, 
■which  is  easily  worked ;  when  the  proportion  of  rhodium  forms  30 
per  cent,  or  ujiwrinln  of  the  alloy  it  it  not  attaeked  by  aqtia  rt^ia. 
Wlicn  pure,  rliodium  is  insoluble  in  the  acids,  though  if  alloyed  in 
tiinnll  quantity  with  platinum,  copper,  binniuth.or  lead,  it  is  di»eolred 
with  them  in  Ditrohydrochloric  acid.  Rhodium  has  a  considerable 
affinity  for  osygen,  and  may  be  oxidisicd  by  fujtion  with  a  mixture 
of  nitre  and  carbonate  of  potash ;  bianlpbalc  of  potash  also  osidiaea 
tlw  metui  and  forms  a  M>Inblc  double  aulphatu  of  rhodium  and 
potassium,  whilst  sulphurous  acid  e-scapes.  If  heated  in  contact 
with  chloride  of  sodium,  in  a  current  of  chlonoe,  a  soluble  double 
chloride  of  sodium  and  rhodium  is  produced. 

(837)  OxiDKs  or  liiioiiu'M. — Rhodium  has  considerable  affinity 
for  oxygen :  it  appears  to  form  two  definite  oxides,  RoO  and  RojO^ 
besides  some  oouipouuds  intermediate  between  them.  TUv  pro- 
loride  Inut  not  been  obtained  in  a  state  of  [lurily. 

Stiiimoxide  of  Rhodium  {RojOg=iaS'3). — This  is  the  only 
Knlifmblc  oxide  of  rhodium ;  it  may  be  pn>cured  by  heating  rho* 
ilium  with  a  mixture  of  uitrc  and  carbonate  of  potash ;  the  oxide 
forniK  an  insoluble  compound  wiUi  jiotnsh,  which  ix  to  be  well 
washed,  and  decomposed  by  digestion  with  hydrochloric  acid  :  tbo 
K<-!sqnioxidc  is  thus  left  us  a  greenish-grey  hydrate  which  is  inso- 
luble in  all  acids. 

SvLritiniiM- — Uho<)ium  forms  two  sulphides,  RoS  aud  Ro^S^. 

If  the  metal  be  heated  tn  the  vapour  of  sulphur,  the  two  bodies 
unite  with  incandescence,  aud  form  the  protomiphidt,  which  has  a 
bluish-grey  colour,  and  fuses  at  a  very  high  temperature ;  the  sul- 
phur burns  off  in  the  open  air  and  leaves  a  forgcobic  mass  of 
luetutlii-  rhodium.  The  utm/ttinit/i/iide  may  be  obtainett  in  the 
form  of  a  brown  hydrate  by  dccomi)08iug  a  hot  solution  of  the 
double  chloride  of  Rodium  aud  rhodium  by  Dic«ns  of  sulphide  of 
potassium  or  of  sodium. 

CuLoitiuKs  or  KiiowiUM.— Three  of  these,  vi«.,  BoClj  Bo,Cli  t 
nnd  llojCt^,  are  stated  by  Berzelius  to  exist,  but  the  scsquichloride 
is  (lie  only  one  ot  impoTtanw;. 
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TiAe  of  poUSMum  nml  rhodium  by  vilicofluonc  nciA,  wliich  sepa- 
rates the  potasaiura  as  a  gelatinous  ailicofluorido ;  the  filtcrc<I  liquid 
irheii  cvBponttnl  to  dryness,  Icavfs  tho  scsquichloride  of  riKidium. 
ThU  chloride  unites  with  many  of  the  soluble  chlorides  to  form 
crystal  I  iziibic  double  suits,  which  nrc  of  a  ruby  or  tdw  colour 
(whence  the  metal  receives  ita  name  from  poii»;  'a  rose')  ;  that  of 
sodium  cryxtullixcs  in  cuIjcb  or  in  octolicdrd,  wliit^li  nre  cfBorcweiit 
in  the  air  (3  NaCI.IloXij  + 18  Aq) ;  tliey  arc  in'ioliible  in  alcohol. 
When  KCMjuichloridc  of  rhodium  is  supcntnturated  with  ammonia, 
the  precipitate  for(iic<l  at  first  is  redi.isolved,  aud  a  characteristic 
yellow  compound,  consisting  of  (RojClj,  5  IlgN)  i»  formed,  by  boil- 
ing, and  may  he  purified  by  evaporation  and  re-cryHtallizatton.  This 
compound  nhenignilcd  leaves  jnire  rhodium  in  the  form  of  a  ponder. 
(838)  Cii.viLicTeHs  OK  TUK  Salts  or  Riioiiii'M. — The  double 
chloride  of  sodium  and  rhodium  is  the  best  known  of  these  com- 
pounds.  1*)ic  khIim  of  the  .-lewjuioxide  of  the  metal  (generally  form 
rose-coloured  solutions;  they  are  decomposed  by  iroH  or  sine, 
which  cau»cs  a  deposit  of  metallic  rhodium.  Potat/i  and  soda 
slowly  occasion  a  preeipiiato  of  yellow  hydrated  oxide,  which 
ob»lin»tely  rctuins  u  portion  of  the  ulkidi ;  it  i*  .wbibie  in  tlic  excess 
of  the  alkali  as  well  aa  in  adds;  if  alcohol  be  added  to  the  alka- 
line mlution,  n  black  precipitate  gradually  occurs  without  bent. 
Iodide  of  polat*ium  throws  clown  a  sparingly  solnble  yellow  iodide 
of  rhodium,  Sulphuretted  hydrogen,  when  the  volution  is  heated, 
slowly  foniks  abrowii  precipitate  iiiHoIubIc  in  the  alkaline  sulphides. 
The  soluble  fulphltes  give  a  characteristic  pale  yellow  precipitate. 
If  the  sallt  of  rhodium  be  heated  in  a  current  of  hydrogen,  the 
mctfil  is  readily  reduced  :  in  this  form  it  is  insoluble  in  aqua 
rcgia,  but  if  it  be  fuwd  with  bii<nlph»lc  of  [lotash  the  residue 
becomes  soluble  iu  ^ater  with  a  pink  colour. 

§  VII.  BuTUENiuu   (Ru=,^2'ii).    Sp.  Gr.,  Tram  111011*4. 

(855)  Treatmrnt  of  the  Plalinum  rcsirfue.^ After  the  platinum 
ore  has  Iwcn  exhausted  with  aqua  regia,  a  residue  is  obtained 
whii'h  frequently  (viiitaiiui  bolh  titantfcromt  iron  and  cbrome  iron; 
but  its  most  imjKirtant  constituent  is  an  alloy  iu  list  plates  or 
scftic*,  of  a  white  colour  *nd  metallic  lustre.  This  was  formerly 
considered  to  he  an  alloy  of  osmium  and  iridium.  It  has,  how- 
ever, bwji  found  to  coii.-'ist  of  four  metal* — \'ii.,  osmium,  iridium, 
ruthenium,  and  a  small  quantity  of  rhodium. 

frvmy  in  »cpi\raUng   the  different  mtVaXs  cnuV^ivac^  'vo.  "i-v* 
residue  avails  himself  of  tiic  oxidability  ot  oanvium  w.\i.  'JlW  -^^iracCv- 
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lity  of  its  peroxide.  Htii  proccM  is  ihc  rollowing: — About  3000 
grains  of  tlic  plattiuim  residue  placed  in  a  porcckin  or  platiuuin 
tube,  and  licatt-d  to  ixdiiL-iwi,  i*  rousted  lit  u  current  of  dry  air ;  b 
tUc  portion  of  the  tube  wliicb  projects  from  tbc  furuacc  wme 
fragnii;iit«  of  porcelain  arc  placed,  nud  tlie  tube  is  ooonected  «itb 
a  scries  of  glass  fla^tka  fur  the  purpose  of  couddunag  tbc  wmic 
acid  us  it  distils;  in  tbc  last  Qask  a  solution  of  poUub  is  {daccd, 
in  order  to  retain  »ucb  jKjrtioiis  of  wiuic  acid  aa  ntajr  have  escaped 
condensation ;  and  tbi»  flask  is  connected  with  an  aspirator,  br 
means  of  wliicb  a  current  of  atniOMpberic  air  is  maintained  tbroogli 
the  apparatus.  Tbc  air  is  dried,  and  freed  froni  organic  particlet 
Iwforc  it  enters  tbc  heated  tube,  by  causing  it  to  pass  tbroi^li 
tubes  filled  with  pumice  moistened  witb  sulpburtc  acid.  During 
the  operation  the  osmium  and  rtitbeoium  btHx>me  oxidized ;  tbc 
osmic  acid  condenses  in  beautiful  needles  in  tbc  Sssks,  and  mccW 
nieall}'  cArrics  forward  the  oxide  of  rutbenium,  wlitcb  is  deposited 
upon  tiie  fragment*  of  poreelaiii  in  regular  crjatals.* 

Tbc  fixed  residue  consists  of  an  alloy  of  iridium  and  rhodiuoi, 
mixed  witli  a  little  o'niium  and  rntheuium.  Tbis  is  to  be  fused 
with  caustic  potash,  bj-  mliich  the  oxide  of  rutlieuium  is  removed 
and  i*  di^olred  out  on  washing  the  fuM^d  m«aa  vilb  water.  Tbc 
undissolved  portion  is  igiiited  witb  four  times  its  weight  of  nitrate 
of  polavb,  and  the  product  is  treatvd  with  boiling  water,  vbicli 
dissolves  the  OAnitiini,  and  on  cooling,  often  deposits  it  in  octobe- 
drul  crystals  of  osmitc  of  potash.  Tbc  rciiiduc  now  cimtains  only 
se»quioxide»  of  iridium  and  of  rhodium  in  combination  witb  |>otasiii. 
Aqua  rc^a,  when  boiled  upon  it,  converts  most  of  tbc  iridium  into 
the  solnble  bichloride;  »  solution  of  chloride  of  potAMUum  in  ndded 
to  the  liquid,  after  which  crystals  of  tbc  double  chloride  of  iridiaia 
and  pottiKnium  tire  deposited  si's  it  cools.  Tiic  w-s^jnioxide  of  rho- 
dium, which  is  left  undissolved,  since  it  is  insoluble  in  aqua  regis, 
in  converted  into  a  soluble  double  sidt  by  mixing  it  intimately  witb 
an  equal  weight  of  chloride  of  sodium,  and  heating  the  mass  to 
dull  reduces  in  a  current  of  dry  chlorine. 

(840)   RuTiiBNivM  18  a  metal  which,  in  1845,  vas  shown  by 
Clans  to  exist  in  the  ore  of  platinum.     It  is  very  hard,  and  brittle, 
and  is  scarcely  fusible  ei  en  before  tiic  oxybydrogcn  blowpipe.    The 
L  melted  metal,  according  to  Devitle  and  Uebray,  has  a  sp.  gr.  of 

h 


*  Som^mM  tlie  <wmidp  of  iridtam  does  not  readily  nndoi^  oxidation. 

Ill  suel)  B  case  Deville  fuses  it  niili  3  or  lO  tioao  its  weigfatorsiitc.  and  hMtl 

it  for  loDid  hours  to  full  reil^ess.  1\i>  tbea  (ImsoItm  oat  the  Kiac  br  hydroohlorio 

Mcid.  wiiirh  tcnvi-M  ibi;  y^iiVvuum  meU\»,*TO  'iXi*fana'A».toftN)*i(k.^«dor, 

■hich  is  Tery  eauly  ousted  iiv  *  <iiiteiav  *l  lux  ■ 


coupouNDs  OF  KirraEKiUM.  765 

>m  II  to  II '4-  It  absorbs  oxygen  at  a  red  heat,  and  the  oxide 
obtained  is  not  dccumitoKcd  by  xiraplc  clcTntiun  of  tiruipcrtiturc. 
iC  metal  ia  readily  oxidized  by  fusion  with  uitrc,  or  with  caustic 
ih.  Ruthenium  accompanies  the  alloy  of  osmium  and  iridium 
»  proix>rtioi)  varj-ing  from  3  to  fS  jier  cent.  ;  but  it  h  not  fount! 
the  portion  of  platinum  ore  which  ia  soluble  in  aqua  rcgia, 
t  is  mwt  easily  obtained  by  Fremy's  prucit^  (839).  The  biuuxidc 
of  ruthenium  is  not  volatile  when  heated  alone,  but  is  carried  for- 
ard  mccbanicHlly  by  the  peroxide  of  o^iniiini,  and  becomes  con- 
densed in  crystals  near  to  the  source  of  heat.  By  heating  this 
oxide  in  a  current  of  hydrogen,  the  mctnl  is  obtaiued  in  the  form 
of  a  dark  grey  powder.  Tlie  raetal  forma  an  alloy  with  tiu,  IlitSn^, 
which  crj'slallizcs  in  cubes  of  perfect  regularity. 

Ruthenium  fortiis  four  compounds  with  oxygen,  RnO ;  Ru^Oj ; 
KaOj ;  and  RuO,. 

Ruiheitic  add  (RuO^  la  an  imioluble  metallic  acid  ;  it  mny  be 
obtained  by  heating  any  of  the  preceding  oxides  with  nitre ;  the 
1  nithcniatc  of  pot^ish  fornin  an  oraiigo-yi'iluw  solution  iti  water.  The 
srJi^uif/xide  is  the  most  stable  of  the  oxides  of  the  metal;  it  is 
obtained  in  the  anhydroux  fortu  1>y  igniting  the  metal  in  n  current 
of  nir.  It  is  insoluble  in  the  alkalies ;  but  with  acids  it  forms 
soluble  salts  which  have  a  yellow  colour.  The  alkalies  precipitate 
the  bydrat«d  oxide  (Ru,()^,3lI0)  frora  these  solutions  as  a  bulky 
blackish-brown  powder. 

There  are  three  chlorides  of  ruthenium,  RuCl ;  RujCl, ;  and 
RwCij.  The  seaqulchloride  is  obtained  by  dissolving  the  ses- 
quioxidc  in  hydroeliloric  acid  :  on  evaporaliou  it  yields  a  gi-ecnish 
blue  deliquescent  mass,  which  is  soluble  in  alcohol.  SulphantUd 
hydrogen  causes  a  browu  precipitate  of  sulphide  of  ruthenium  in 
solutions  of  the  sesquicbloride,  tearing  ft  supernatant  liquid  of  a 
fine  blue  colour,  probably  owing  to  the  formation  of  protochloride 
of  the  metal ;  this  reaction  is  very  delicatt^  and  characteristic  of 
ruthenium.  Metallic  sine  also  reiluccs  the  yellow  »c«|uiehloride 
to  the  blue  protochloridtr,  atid  ultimately  precipitates  the  metal 
at  B  black  powder.  Formiate  or  oxalate  of  »oda,  if  boiled  with 
salts  of  ruthenium,  renders  the  solution  colourless,  but  does 
not  occasion  any  precipitate  of  reduced  metal.  With  acetate  of 
lead  a  purplish  red  characteristic  precipitate  is  formed.  Cyanide 
of  meratry  renders  the  solution  bin?,  whilst  a  blue  precipitate  is 
formed.  The  camtic  and  carhonated  alkalien  yield  a  black  preci- 
pitate of  ihe  scs(|utoxide,  insoluble  in  excess  of  the  precipitant. 
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^^  {&4.1)  Osmium  occurs  associated  with  platinum  in  the  form  of 

an  klloy  ofcMiiiiiiui,  iridiimi,  uiiiJ  nithvtiiuni.  It  was  di^cofcrcd 
in  the  ore  of  ))latiiiuni  by  Teunant,  iu  1803.  Osmium  may  bc 
obudnetl  in  the  nititallic  voiiditiun  by  several  procvwcs.  One  of 
the  simpleet  consists  in  trcatiii;;  osmic  acid  (OsO^)  obtaiiied  1>y 
iVcmy's  method  [839)  w  itii  hyiltuclilonc  acid  and  iDiitallic  mercury. 
Calomel  is  thus  produced  by  the  decomposition  of  the  suboxide  o(  . 
mcrcur}',  which  is  forint-d  nt  the  exputise  of  the  oxygen  contained  I 
ill  the  oxide  of  osmium  ;  OsO^  +  S  Hg  +  4  UCl=()9+4  {11^.01)+  " 
4  HO.  The  water  and  the  ituperlluuui  acid  are  expelled  by  cra- 
porutiou  to  dryness,  and  ou  heating  the  residue  in  a  small  porcelain 
retort,  the  execs*  of  mercury  and  ealoniel  arc  drircn  off,  leaving 
pure  osmium  in  a  pulverulent  form.  lu  this  finely  divided  state, 
it  emits  the  odour  of  osinic  acid  when  exposed  to  a  moist  atroo- 
»phcn^ ;  it  tukea  tire  uheu  heated  in  llie  open  air,  and  is  diiwolved 
by  strong  nitric  acid,  or  by  aqua  regia,  being  converted  into  osmic 
acid.  After  iguitiou,  however,  it  it>  no  longer  soluble  in  tlie  aeida. 
The  specific  gravity  of  osmium  in  the  pulverulent  form  is  about 
to,  but  after  it  has  been  heali'd  to  the  fusing  point  of  rhodium 
in  the  oxyliydrogcu  jet  it  acquires  a  sp.  gr.  of  2i"4  In  order 
to  obuiii  iiompact  o»uiium,  Deville  and  Dcbiay  o:tidixe  tlie  alloy 
of  osmium  and  iridium  by  mixing  it  intimately  with  jj  timet 
its  weight  of  peroxide  of  barium,  heating  it  to  a  bright  red  for 
a  hours,  after  which  they  distil  with  n  mixture  of  ciglit  parts 
of  hydrochloric  imd  one  of  nitric  acid.  The  oiuiic  aeid  wliieh 
pauses  over,  is  received  into  a  solution  of  ammonia,  Bupersaturatcd 
with  Hulpliiirotted  hydrogen,  and  bulled.  The  sulphide  of  osmium 
is  separated  by  hltratioo,  dried  at  a  low  temperature,  placed  in  a 
crucible  of  gus  coke,  whteh  \*  eucl<»ed  in  a  day  crucible  and  luted 
down,  then  exposed  for  4  or  5  hours  to  a  beat  sufficient  to  melt 
uickut.  The  uMmium  i»  reduced,  imd  fuminttcft  a  brittle  mass,  the 
colour  of  which  has  more  of  a  bluish  cast  than  that  of  ciuc.  At 
a  still  higher  temperature  in  the  oxyliydrogcn  jet,  at  the  fusing 
point  of  rhodium  it  becomes  still  dcuacr.  It  may  be  healed  in  thti 
condition  to  the  fuiting  point  of  zinc  without  emitting  vapour,  but 

tit  takes  fire  at  a  higher  temperature.  If  heated  with  7  or  tl  times 
its  ucight  of  tin  in  »  chanoal  crucible  to  a  full  red  beat,  tlic 
osmium  is  dissolved  by  the  tiu,  and  eryatalliues  out  ou  slow  cooling. 
On  treating  the  mass  w\l\\  \\5div«;M(nri,e  acid, the  osmium  is  left  as 
FCiy  Iiard  erjslalUnc  £o«4m.     Vi«i*.-s  Ti»j\«  wsbMvtoi^  Vx-Ott. »«&, 
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and  oD  diwolviug  the  xinc  lu  liydroclilonc  acid  the  o^nitam  is  left 
M  an  atnorphouH  combattiblo  [lowder.  0:imitiai  a]>pe,ir!t  to  lie  Clio 
leaat  fusible  of  the  mctaU.  In  tlie  osyhydrogcD  jet  pUtiuum  i» 
Tultttilii«d,  and  iridium  and  nitlieiiium  undergo  fusion,  but  oxtniiim 
doci  uot  melt,  thou|;h  it  is  volatilixcd  by  the  iutcasc  heat. 

Osmium  differs  reiriarkjibly  from  the  other  metaU  of  this 
grau|>,  and  |)resciitH  more  auology  with  arsenic  and  antimony  than 
vith  the  noble  nictnlM. 

(842)  FiveOxiBEs  op  Osmium  arc  known; — 0*0;  Oii,0,;  OaOj; 
OsOj ;  OsO,.  The  protoridt  i«  of  a  tlurk  green  colour,  it  is  soluble 
in  Bci(U,  aii<l  forms  green  salts.  The  tetgnioxitte  has  not  been 
isolated ;  it  forms  yellow  uiicrystnlHzable  vultx.  The  binoxide  'vt 
black.  The  ttroxide  [lo^esses  ihe  eharacters  of  a  weak  acid;  it 
ouiDot  be  isolated,  but  it  forms  a  crystxltinc  compound  with 
potash  (K0,0*0,  +  2  All)  which  ia  sparingly  soluble.  This  com- 
pound furnishes  a  good  eourec  of  pure  usmiuui.  It  is  easily 
obtaiiicil  by  the  addition  of  a  little  alcohol  to  a  solution  of  the  per- 
0)ii<le  of  osmium  in  potash ;  the  osniitc  ecpiiratci  in  large  rose- 
coloured  oetobedra,  which  are  permatieut  in  a  dry  air,  but  absurb 
oxygeit  if  moist.  Osmic  acid  (OsO^  Comb.  Vol,  2 ;  Sp.  Gr.  q/" 
Vapour  8-88)  is  tlic  volatile  eonipoiin(l  which  i«  produced  when  the 
metal  is  heated  with  nitre,  or  when  roasted  in  air ;  it  form& 
cotonrlcss,  acieular,  transparent,  flexible  eryvtuU  which  are  rcnilily 
fusible,  and  are  freely  soluble  in  water ;  it  IkjiIs  at  about  2 1 2", 
emitting  an  extremely  irritating  and  delclerious  vapour,  with  a 
pungent  characteristic  odour  somewhat  resembling  that  of  chlorine: 
bence  the  name  of  the  metal  OMniiiiii  {from  oo/iii,  '  odour  ") :  it  does 
not  combine  with  acids  ;  but  though  it  unites  with  the  alkalies,  itt 
•olutioD  doea  not  redden  Utmu«.  It  producer  u  pcrmaueiit  bhiek 
stain  upon  the  nkin  when  tonehed,  owing  to  the  partial  reduction 
of  the  metal,  and  gives  a  charnctcristie  blue  precipitate  wbcn  jt» 
solatioas  arc  mixed  with  tincture  of  galU.  If  tlie  solution  of 
omiic  acid  he  mi.xcd  with  muriate  of  ammonia,  n  yellow  sparingly 
aoluhle  salt  is  formed  (H^N(M,().iO^Ii(N),  which,  when  ignited  iu 
a  current  of  hydrogen,  leaves  pure  osmium.  According  to  Frcmy 
another  oxide  of  o»mium  (OsO, "!)  exists,  but  it  is  verj-  unstable  ; 
it  forms  compounds  with  potash  and  soda  which  hare  a  dark  brown 
colour ;  they  sometimes  crystallize  from  concentrated  alkaliuc 
solutions. 

If  the  aqueous  solution  of  osmic  aci<l  be  treated  with  sulphu- 
retted hydrt^en,  an  immediate  precipitate  of  the  blaek  hydratcd 
guadrisulphide  occurs,  which  is  slightly  soluble  in  solutions  of  the 
_aalphida  of  the  alkaline  metaU.      Fout  inteiioT  d,c^t(x&  ^^'v  v^'^^^^ 
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ration  of  otmiani  also  exist ;  they  correspond  in  composition  with 
the  oxide*.     These  sulphides  are  docoinpoK<l  bv  prolonged  igni 
tion,  aud  pure  osmium  is  left. 

(843)  There  arc  fowr  chioridn  of  osmium,  vik. — 0«C1 ;  OsjCljj 
OaCIj  ;  OsClj :  tlie  protochJoride  ia  green,  and  tmblimcfl  tn  greett 
needles  ;  it  is  produeed  lir  heating  powdered  osmium  in  a  current 
of  chlorine  ;  the  double  salt*  which  it  forms  are  of  a  green  colour, 
The  bichhride  is  formed  in  the  same  way  as  the  protocbloride,  by 
employing  an  cxci--<«  of  ebloHnc  ;  it  is  more  volntile,  aud  condeiiMI 
as  a  red,  crTstalline,  fusible,  deliquescent  powder  :  both  this  and  iht 
preceding  chloride  are  dimolveil  by  water,  which  soou  dvcompom 
them,  forming  osmie  and  hydrochloric  netds,  aud  depositing  metallii 
osmium.  The  bichloride  fomis  with  chloride  of  potassium  i 
beautifitl  spariiiglT  soluble  red  salt,  which  furnishes  octobednl 
cryetals  (KC1,OsCI,> ;  thi^  salt  is  obtained  br  heating  a  miiton 
of  osmium  with  clilondc  of  potassium  in  n  current  of  chlorine 
it  is  isomcnphous  with  the  corresponding  platinum  ^t,  and  yieldi 
a  chiinicterislio  dark  olivc-greeu  precipitate  with  nitrate  of  silver 
Subiiiirate  of  mercury  gives  with  it  a  reddish-brown  prccij^tate 
tannic  acid  gives  with  it,  when  heated,  a  dark  blue  solution, 
feiTiicyanide  of  potassium,  a  chrome  green  liquid,  pasaiitg  inti 
dark  blue. 

Double  salts  may  also  be  formed  which  oootaiu  both  a  setqw 
chloride  and  a  tercbloride  of  osmium. 

A  compound  of  nitrogen,  oxygen,  and  osmium  (O»N,Os0J, 
^vas  formed  by  Fritschc  and  Struvc.  It  may  be  obtained  by  actl! 
upon  a  miiture  of  caustic  potash  and  ammonia  by  nieims  of  osmi 
acid^  these  chemists  termed  it  omiati-omiic  acid.  liVith  the  alka 
lies  it  forms  yellow  crystalline  compounds,  which  detonate  readil 
when  they  arc  struck  or  suddenly  heated. 

The  properties  of  the  salts  of  osmium  hare  been  but  incom 
pletely  ascertained.     When  boiled  with  nitric  acid  they  all  en))' 
Tapoure  of  peroxide  of  osmium. 

fj  IX.  Ihiuivh  {Ir=98'5'i).  Sp.  Gr.  21*15. 

(844)  laiDit-M  was  discovered  at  the  same  time  as  osmium  In 
Smithsuii  Tennant.     It  is  ocrasioually  found  Dative  and  n 
pure  in  considerable  masses  nmnng  the  I'raliau  ore:*  of  platina: 
but  it  UMially  occurs  combine<l  with  osmium  as  an  alloy  in 
Males.     Iridinm  appears  to  be  dimorphous,  for  it  is  found  crvtta 

both  in  cu\m;«  auA  \tv  douhle  »ix-sided  pyramids  (O.  Rom 
order  to  obtain  t^c  i&£li&  Ui  ^^  cR.\ax«.V^  tx»XR,Ni'0^«x 
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mends  the  powdered  alloy  to  be  intimat^y  mixed  with  an  Ptjual 
weight  of  finely  jiowtlorcd  fiueil  cliloride  of  Rodmm,  and  the  mix- 
ture to  be  heated  to  dull  redness  in  a  glasg  lube  through  which  a 
current  of  dry  chlorine  is  tninsmittcd  no  long  as  it  is  absorbed. 
The  alloy  is  decomposed  by  the  chlorine;  double  chloridea  of 
indium  mnd  »)diuni,  and  of  osmium  aud  isodium  are  thus  formed, 
Tbey  arc  dissolved  in  boiling  uater,  and  are  tliuii  froed  from  the  iii- 
aolublo  portions.  The  solution  is  then  concent rntcd,  and  the  liqaid 
K»  obtained  is  mixed  with  nitric  acid  and  distilled ;  the  double  salt 
of  osmium  is  decomposed  by  this  means,  and  osmic  acid  is  formed, 
whilst  the  iridium  salt  remains  in  the  liquid  :  the  ooniic  acid,  being 
Tolatitc,  is  expelled  during  the  distillation.  The  addition  of  muriate 
itf  ammonia  to  the  concentrated  soliittun  in  the  retort  produces  a 
precipitate  of  the  double  chloride  of  iridium  and  ammonium,  which, 
upon  ignition,  yields  pietallic  iridium.  Tlio  metal,  however,  if 
obtained  ttins,  is  liable  to  be  contaminated  with  ruthenium.  It  is 
preferable  to  adopt  Fremy's  mclbod  of  proenring  the  double  chlo- 
ride of  iridium  and  potassinm  (839).  The  salt  may  be  deeom- 
]>oi««d  by  ignition  in  a  ctirrent  of  hydrogen  ;  and  the  chloride  of 
potaasium  may  be  removed  by  washing  with  water,  wlien  the 
iridium  is  left  in  the  form  of  u  finely  divided  powder. 

Iridium  is  a  very  hard,  white,  brittle  metal,  which  may  be 
melted  on  time  by  the  oxyhydrogcn  blowpipe,  and  by  the  beat  of 
the  voltaic  current.  It  was  found  to  have  in  its  fnwcd  condition 
a  density  of  3115  (Deville  and  Debray} ;  and  a  native  alloy  of 
platinum  and  iridium  even  of  sp.  gr.  a2'6  is  known.  If  heated  in  n 
finely  divided  state  in  the  open  air  it  absorbs  oxygen,  but  if  in 
maM  it  remains  unchanged  by  cx|io»nre  to  heat.  In  its  isolntcd 
form  it  is  unacted  on  by  any  of  the  acids  or  by  aqua  regia;  but 
when  alloyed  with  platinum  it  is  readily  dissolved  by  aqua  regia. 
Pulverulent  iridium,  when  fused  with  nitre  or  with  the  alkalies, 
bcoonics  oxidized,  and  a  similar  eRcct  is  produced  by  heating  it 
with  bisulpbate  of  [lOlash.  Iridium  may  be  obtained  in  a  finely 
divided  state  by  decomposing  a  solution  of  its  sulphate  by  alcohol : 
it  then  forms  a  black  powder,  which  possesses  proi>crtii:«  similar  to 
those  of  platinum  black  (823). 

(845)  OsinKs  OF  lainiuM. — This  metal  forma  three  distinct 
combinations  with  oxygen,  IrO  ;  IrjO^ ;  and  IrO^ :  they  pass  readily 
one  into  the  other,  and  thus  give  the  variety  of  tints  wliich  solu- 
tions of  the  salts  of  this  metal  assume.  I'Vom  these  changes 
of  colour  the  name  of  iridium,  derived  from  IrU,  tlie  rainbow, 
was  conferred  ou  the  metal. 

The  ]fr0to*ide  U  obtained  as  a  Ulnck.  ftu\\'j&ioM&  ^o-w^wt  '^ 
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deroinpoaing  the  <lry  jurotocliloride  by  means  of  a  concentrated 
solution  of  potash.  It  is  attuckctl  l>y  uciiU  with  difficulty,  but  b 
diHsolved  by  the  alkaliea;  the  soliitioa  iu  potash  ahsorl>»  uivgco 
from  the  air,  aud  becomes  blue.  lu  soluUous  iu  the  acids  have  a 
dingy  green  colour. 

Till-'  sesqtdaridt  is  the  componiid  fbrmDd  wJtcn  iridium  is  fiiaed 
witli  jiotaah  or  with  uitre,  or  by  beating  the  pulverulent  metal  in 
ur*  It  is  a  bluish  •black  powder,  whtoh  is  decumpoiied  by  a  full 
red  heat,  and  is  readily  reduced  by  bj<irogeu  and  combustible 
substances.  This  anhydrous  oxide  is  insoluble  in  acidi-,  and  ercn 
iu  fuBi'd  bi»u1pliatc  of  potaah.  If  a  Holution  of  Maquicblori^c  of 
iridium  )>o  boiled  with  a  solution  of  potash,  oxygen  is  absorbed, 
aud  ail  iudigO'blue  precipitate,  which  ia  a  hydrute  of  the  bmoxuU 
(if  iridium  (li'0y,2H0)  is  formed  (Claus).  It  maybe  rendered  an- 
hydrous by  a  gfutle  heat.  The  binoxide  i*  but  slonly  diiiaolvcd  by 
acids :  the  hydrocblovic  solution  is  at  lirst  blue,  it  tbun  becomes 
green,  and,  vhcn  heated,  changes  to  rcdtlish-brown,  vbilst  bidilo- 
ride  of  iridium  in  formed. 

Three  fulp/iiden  of  indium  corresponding  to  the  oxides  may  be 
i:)^!))^^!  by  (leeoni)iOHing  the  clilorides  of  the  metat  by  mcaus  of 
sulphuretted  hydrogcu. 

Iridium,  like  |mlladium,  when  held  iu  the  flame  of  a  spirit* 
lamp,  becomes  covered  with  carbonaceous  excrcsccuces,  whidi  con- 
tain a  considerable  portion  of  metallic  iritlium. 

(846)  CHLoaiuEs  or  luiuiUH. — These  correspond  in  number 
and  cumpottition  vith  the  oxides.  They  all  form  double  salts  wtlh 
the  chlorides  of  the  alkaline  metald.  The  protockloriiU  (IrCl) 
may  be  obtained  by  piLsning  a  current  of  chlorine  over  pulverulent 
iridium  at  a  dull  red  heat :  it  forms  an  olive-green  powder, 
insoluble  in  water,  and  tieArly  insoluble  in  hydrochloric  aciil 
(BcrzeUus).  The  aeaquichhride  (Ir,Cl,)  ia  the  most  stable  of 
the  three  chlorides;  nith  subnitratc  of  mcrcnry  it  gives  a 
bright  ochre-yellow  precipitate  [IrjClj  +  3  llg,('i),  aud  a  similar 
ttiimpound  is  formed  with  nitrate  of  silver,  whirb  at  first  is  dark 
bine,  but  soon  becomes  colourless:  it  forms  salts  with  chloride 
of  sodium  and  with  cbloriile  of  [Kitas^iium.  If  dry  chlorine  bo 
transmitted  over  a  mixture  of  liuely  divided  iridium  and  dilorido 
of  potaKslnm,  a  double  salt,  of  a  rcddisb.blaclt  colour  {KCl,lrClJ:, 
consisting  of  bichloride  of  iridium  and  chloride  of  potaMiuin,  iS' 
formed.  It  may  bo  dissolved  in  boiling  water,  and  is  deposited 
in  oeluhedra  ou  cvajiuratiug  the  solution  ;  it  corresponds  iu  coiO' 
position  to  the  platinum  *!iV\,w\\b  wl\iclv  \t  is  ifomorphous.  Aj 
aiinilttr  salt  of  sodium  omj  \»  ^OTta^;^  \ft  >Ja«  wsws  'nuatust^V-) 
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STilwittuting  oMoride  of  sodium  for  oliloridc  of  pobu*iuni :  it  i? 
freely  soluble.  Biohloriilc  of  iridium  forms  a  similar  salt  w  illi  sal- 
Mnmoniftc,  whicli  possemes  a  rerjr  inten»c  colouring  power,  aud 
produces  s  dull  browu  solution  even  when  much  diluted.  It  is 
remurliftblc  tlutt  tlie  addition  of  |)Ota«h  in  i>niidl  quantity  to  this 
chloride  converts  it  into  the  oUre-grecn  acsquichloride.  Bichloride 
of  iridium,  when  bmted  with  iimmonia,  form»i  a  series  of  compound 
bases  analogous  to  those  furnished  by  platinum  and  palladium. 

Claus  consider*  tlint  Die  compounds  formerly  described  as  con- 
taining t«rosi<le  and  terchloride  of  iridium  were  really  compounds 
of  ruthenium. 

The  salts  of  iridium  have  been  but  incompletely  ciamincd. 

Iridium  is  apt  to  accompany  the  double  chlorides  of  platinum 
with  potn^ium  and  ammonium.  It  may  be  Hepamtcd  from  pla- 
tinum by  precipitating  the  two  metals  togeUier  by  means  of 
chloride  of  polxHsium  :  the  predpitatc  is  washed,  and  cither 
digested  with  cyanide  of  potassium  which  dissolres  the  iridium 
and  leaves  the  platinum ;  or  it  may  be  fused  with  twice  its 
weight  of  carbonate  of  potash.  The  platinum  is  by  the  latter  ope- 
ratioa  reduced  to  the  metallic  state,  whiUt  ihi^  iridium  remains  in 
the  form  of  seaquioxide.  The  potash  salts  arc  removed  by  washing, 
and  the  platinum  is  rcdissolved  by  mt-rmit  of  uqun  rcgia,  which 
does  not  attack  the  oxide  of  iridium.  This  operation  sometimes 
requires  repetition,  as  a  portion  of  iridium  may  escape  oxidatiou 
ou  the  first  occasion. 


CHAPTER  XVIII. 


ON    SOME   CtBCVMSTANCBS    WUICH    HoniPV   TDB    OPBKATIOKa    OP 
CUBUtCAL   ArPIN'Itl. 

(847)  Tv  the  first  part  of  this  work  an  outline  was  given  of 
the  leading  characters  of  the  most  important  varieties  of  mole> 
ciilar  and  polar  forces,  aa  viewed  in  their  simplest  condition*.  lu 
the  second  portion  of  the  work  the  attcution  of  the  reader  has 
hitherto  been  directed  principally  to  the  rcsnlts  produced  by  the 
exertion  of  chemical  affinity  in  the  formation  of  the  various  com- 
pounds of  iiioi^iinic  origin,  without  reference  to  the  cffect-s  of  other 
forces  which  may  have  concurred  in  their  production.  It  will, 
Itowevcr,  now  be  adtisuble  to  trace  the  iniluence  exerted  npou  the 
operation  of  chemical  affiiiify  by  the  co-opcTa\WT\  ot  wo.\*^sb,\w&, 
of  cianticitj  atid  cohesion,  of  adheeioix,  a\\6  ol  Wi^t,  VwA,  ■wxA. 
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electricity.  Cases  in  which  the  chemica]  <]econipo«itioti  of  one 
substance  bj  another  is  due  simp);  to  diSercuees  iu  the  degree 
of  chcDiical  aSinity  are  much  leu  numerous  tlian  might  at  Gnt  be 
imagined.  The  disploecmcnt  of  one  metal  by  another  from  it« 
Hotutiontt,  such  aa  that  of  sAlrer  by  mercury,  of  mercury  by  copper, 
of  cupper  by  lead,  and  of  lead  by  sine  (7,  j),  forniahes  some  of  the 
best  exuinplex  of  Uiia  kind ;  and  Himilar  instances  arc  afforded  by  the 
diaplaccmcut  of  ouc  base  by  another  insoluble  base ;  as  wlien  oxide 
of  copper  is  di!«pliu:ed  from  its  combiuation  with  nitric  acid  hy 
boiling  it  nith  freshly  precipitated  oxide  of  zinc,  or  oude  of 
silver. 

§  I.  Imfldhsci!  op  ConesioN,  AniiKtiioN,  axd  Elasticitt. 

(848]  Influence  of  Cohetion  vpoa  Affimty. — Siuoe  diemical 
l£Bnity  is  a  uioleenlar  force,  vtliicb  '»  exerted  only  when  the  par- 
titdea  of  bodies  arc  nithio  distances  iudcliuitely  small,  minute  sub* 
division  and  diiuiuutiou  of  cohe«ion  might  be  expected  to  farour 
its  manifestation,  by  increasing  the  surfaces,  and  facilitating  the 
mutnal  contact  of  tlie  conibiuiug  bodies.  It  will  therefore  be 
needless  to  give  more  than  one  or  two  instances  in  proof  of  this 
point.  Iron,  copper,  lead,  and  many  other  metals,  when  exposed 
to  the  atmt)aphLTc  iu  mass,  are  acted  upon  very  slonly  by  it,  and 
they  gradually  become  converted  into  oxide  upon  the  surface:  if, 
however,  they  be  reduced  to  a  finely  divided  state,  they  are  oxi- 
dized with  such  rapidity  as  often  to  hceomc  iucaadeaceut.  If  irou, 
cobalt,  or  nickel  be  reduced  by  hydrogen  from  it»  oxide,  at  a  low 
red  heat,  it  is  obtained  in  this  form :  by  the  interposition  of  some 
iufusibtu  matter  between  the  particles  of  the  precipitated  oxide, 
such,  for  example,  as  a  little  alumina  or  magnesia,  tlie  tendency 
to  rapid  o\idatiou  is  much  increased  ;  probably  bccxusc  the  cohe- 
sion of  the  Hue  particles  of  reduced  metal  is  mechanically  prevented, 
and  the  ncccsa  of  the  air  to  each  portiou  takes  placo  with  facili^. 
("oppcr,  vfhcu  precipitated  from  its  solutions  by  metallic  iron,  or 
when  reduced  by  means  of  hydrogen  from  its  oxide  at  a  low  ten* 
perature,  often  takes  fire  and  glows  like  tinder,  when  only  a  vciy 
slight  elevuiiou  of  temperature  is  applied  to  it.  If  »  portion  of  tar- 
trate of  lead  be  exposed  in  a  glass  tube  to  a  huU  suihcicnt  to 
char  the  acid,  the  metallic  lead  is  reduced  throughout  the  m&r*  in 
a  Atate  of  extreme  dirisioD,  and  irhen  poured  into  tbe  air  it 
generally  takes  fire,  and  bums  with  scintillacions. 

The  opposite  influence,  exercised  by  the  force  of  cohesion,  is 
keen  on  contrasting  t^e  fM^V\Vj  -xx^U  iiluch.  disintegrated  carbon 
iurus  whcu  io  the  elmgc  ol  Uuiet,  Vt.'OL  \\wi  ftJSSuMS.'q  ■«\oifio.\» 
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perienced  in  cffecUng  the  combustion  of  the  compact  coke  which 
18  deposited  from  coal  gaa  upon  the  interior  of  the  iron  retorts ; 
and  a  decrcnse  of  comljustibitity  may  be  traced  through  all  the  dif- 
ferent forma  of  carbon,  iti  proportion  aa  their  hardneaa  and  denaity 
increase. 

(849)  Influence  of  Adhesion  and  Solution  on  Affinity. — It  is 
mainly  to  the  intimate  subdivision  cflbcted  by  means  of  solution, 
that  this  operation  owe;*  its  imi>ortHut  influence  \\\  facilitating 
chemical  combination.  The  force  of  cohesion  amount  the  oom- 
poncat  particles  of  the  iiodics  disaolverl  id  hitlaiiced  by  tlicir  adhe- 
ition  to  those  of  the  liquid,  and  the  particles  of  the  substance  in 
solution,  being  free  to  move  in  any  diroctionjCTinly  olwy  tlip  force 
of  affinity, 

The  influence  of  cohesion  in  preventing  chemical  ttction,  and  the 
manner  in  which  the  force  of  adhesion,  aa  displayed  in  the  produc- 
tion of  Kolutiori,  may  net  in  favouring  chemical  action,  are  well 
eiemplificd  by  the  eft'eri  of  nitric  aeid  upon  carhoiinto  of  baryta. 
Nitrate  of  baryta,  although  soluble  in  water  and  in  (iiluted  nitric 
acid,  is  not  soluble  in  the  concentrated  acid  :  when,  therefore, 
eoncenlrattd  nitric  acid  is  poured  upon  finely  powdered  carbonate 
of  baryta,  it  occasions  but  a  slight  effervescence,  which  speedily 
comes  to  an  end,  although  the  acid  may  be  in  lai^e  gxccss.  If 
the  liquid  be  diluted  with  a  small  quantity  of  water,  a  brisk  effer- 
TCMcncc  IS  temporarily  renewed,  but  again  soon  ceases;  on  a 
fiirther  addition  of  water,  a  fresh  effervescence  occurs,  and  when 
the  acid  has  been  diluted  with  8  or  10  times  its  bulk  of  water,  the 
whole  of  the  cnrboTiatc  of  baryta  is  decomposed  and  dissolved. 

For  a  similar  reason,  alcoholic  solutions  of  acids  arc  without 
action  ou  the  carbonates,  unless  the  resulting  salt  be  soluble  in 
alcohol.  A  mixture  of  tartaric  acid  and  alcohol  will  not  decom- 
pose carbonate  of  potash.  Hydrochloric  acid  when  dissolved  in 
alcohol  will  not  decompose  carbonate  of  potash,  hut  will  decom- 
pose carbonate  of  lime.  An  alcoholic  solution  of  nitric  acid  de- 
composes carbonate  of  lime,  but  not  carbonate  of  potash.  The 
tartrates  are  insoluble  in  alcohol,  so  are  chloride  of  potassium  and 
nitrate  of  potash,  but  chloride  of  calcium  and  nitrate  of  lime  are 
dissolved  by  alcohol  freely. 

{850)  Infltuncc  of  Elasticity. — In  the  numerous  instance*  in 
which  two  salts  produce  mutual  decomposition,  frequent  examples 
are  afforded  of  the  results  produced  by  the  interference  of  other 
force*  with  that  of  chemical  affniity.  The  action  of  sulphate  of 
ammonia  on  carbonate  of  lime  is  a  caae  in  ^\nl.  \t  'Cft<;'«;  V*"^ 
aa/l0  be  mixed  in  a  dry  state,  at  ordinary  tempft«AAHc»,V&*ri  fca-os*- 
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nppcar  to  act  upon  cadi  ot)>cr;  but  if  sutfjccted  to  the  iullucaoe 
of  a  gcutlc  lieut,  a  double  <)ecoin[)ociilion  occurs,  carbonate  of 
nmmcitiia  and  aulphatc  of  linic  arc  produced ;  tbc  volatile  carbonatv 
of  auimoiiia  i»  cxpcJlwl,  and  by  tbe  aid  of  tbe  force  of  elasticity, 
it  is  removed  from  the  misture;  CaO,CO,  +  II^NO,SOj  fielding 
H,NO,COj  +  CftO,SO,.  But  »up]>oae  a  solution  of  milpliate  of 
lime  to  be  mixed  witlione  of  carbonate  of  ammouia,  tbc  ciTeutsare 
exactly  revvreed  ;  carboiiatu  of  lime,  owing  to  ita  inioJubility  and 
the  predominance  of  cohesion  among  iU  particles,  is  precipitated, 
wtiiint  the  «}liiblc  Kulpliate  of  ammonia  iTmnins  iu  the  liquid  ;  and 
now  H.NO.COj  +  CaO.SOg  become  CaO,CO,+  H,NO,SOj.  The 
chemist  very  often  avails  himself  of  thu  mfliiciicc  of  elasticity  in 
promoting  chemical  decomiii'mitioii.  When,  for  cjiample,  an  acid 
is  added  to  a  salt,  it  may  decompose  that  salt,  and  take  the  place  of 
the  acid  previoii.-ily  in  cunibinution  with  the  baae, provided  that  the 
original  acid  can  assume  the  ga.Beous  form  at  ordinary  tempera- 
tures,  or  can  be  converted  into  vapour,  at  a  temperature  below 
that  required  to  volatiliie  the  acid  employed  to  displace  it.  Car- 
bonic mid  may  tluw  be  displaced  from  the  carbonates  by  wuliition» 
of  all  the  ordinary  mineral  and  vegetable  acids,  except  tbc  hydra- 
cyanic  and  hydrosulphuric  acid. 

It  is  upon  tliiK  principh^  that  sulphuric  acid,  when  aided  by  heat, 
K  employed  to  displace  the  nitric,  tbc  hydrochloric,  tbc  acetic,  tbe 
formic,  the  butyric,  and  other  volatile  acids  from  Iheir  ftalt«  by  dis- 
tillation. Even  a  feebler  but  more  6xcd  acid  may  espcl  the  stronger 
acids  which  nrc  more  volatile  than  itself;  thus  oxalic  add,  if  Ix>iled 
with  solutions  of  the  chlorides,  expels  hydrochloric  acid  &om  tbc 
liquid  «ith  facility. 

A  remarkable  illustration  of  the  important  influence  exerted  by 
elasticity  in  counteracting  powerful  chemical  affinities,  is  afforded 
in  the  dcoomposilion  of  the  sulphates  themselves,  by  weaker  acid* 
at  a  high  temperature : — for  example,  the  affinity  of  sulphuric  add 
for  bases  is  of  the  most  energetic  kind,  whtUt  tliat  of  boracic  add, 
on  the  contrary,  is  extremely  feeble.  If  a  solution  of  borax  be 
mixed  n  ith  sulphuric  acid,  the  soda  of  the  ult  will  enter  into  com- 
biuation  with  the  sulphuric  acid  as  it  is  added,  and  will  gradually 
be  separated  from  the  horaeto  acid,  which,  if  the  liquid  l>c  hot  and 
not  too  concentrated,  is  retained  in  solution.  Owing  to  the  peculiar 
action  of  boracic  acid  on  blue  iitniui,  it  can  be  sibown  lliat  the  twg 
adds  do  not  divide  the  soda  between  them,  for  if  a  piece  of  blue 
litmus  paper  be  pluoed  in  the  liijuid,  it  will  exhibit  the  peculiar 
tuiie-red  tint  due  to  XioTStcAc  ac\d, until  a<^uautity  of  sulphnrio  acid 
txacllf  equivaleut  U>  l\ve  soia.  wuXuivwA  \v\  'C>wi\»«'*3.\*»\#^ 
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aAAcA  ■  but  tlie  mnment  tlint  this  point  i*  reached,  the  Wst  eicf** 
of  sulpliitric  octi]  immcdiatdy  reveals  itself  by  tlio  change  of  the 
colour  of  the  litmus  from  (lu«ky  piirpltxli-rcd  to  »  bright  red.  It 
is  therefore  quite  clear  that  boracic  soid  eaiinot  effect  e»en  a  par- 
tial (lieplaeoineiit  of  siilplniric  acid  from  its  eombiiuitioa  with  soda 
when  th«  two  are  in  eotiuion.  But  it  is  otherwiae  at  a  red  heat : 
if  fx>raeic  acid  be  fused  wttfi  sulphate  of  soda,  borax  i»  produeed, 
and  sulpbuhc  acid,  nbich  is  volatile  at  Hiia  bi^b  temi)erature,  ia 
expelled  it)  tlie  eluittie  fbrni.  Other  adds  which  arc  known  to 
have  a  feebler  afBuity  for  bases  thaw  anlpburic  acid,  biit  which 
Kupport  a  red  ht-at  without  experiencing  volntiliiation,  such  as  tbc 
phospborie  and  silicic  acida,  arc  alHo  able  to  decompose  the  buI- 
phatea  when  hejited  with  them. 

In  like  manner  when  a  ha'«e  which  is  fixed  it  lieatcd  with  the 
a*h  of  a  volaliie  baite,  the  volatile  base  ia  displaced  hy  the  more 
fixed  one  ;  thus  quicklime,  or  potasli,  if  heated  with  the  salta  of 
UDmoaia,  ia  eunTcrte<)  into  a  suit  of  lime  or  of  potash,  whilst  the 
ammouin  escapes  in  the  gaseoiiit  state. 

(851)  Tlie  effect  of  elasticity  in  rcmovinf  from  the  spbcrc  of 
action  one  of  the  eomjxinents  of  a  body  which  is  undergoing 
deooropOKitiod,  mar  in  some  eases  be  eonsiderably  aHistcd  by 
mccbanical  means :  and  when  tlie  affiniliea  of  the  disjilsein^  body, 
and  of  the  stibstancc  displaced  by  it  for  the  other  constituent  of 
tbe  compound,  are  nearly  equal,  effects  which  are  in  apparent  oppo- 
sition to  each  other  may  sometimes  bo  produced.  For  instance, 
oxide  of  iron,  when  heattnl  to  redness  in  a  eurraut  of  hydrogen 
gas,  is  gradually  reduced  to  the  metallic  state: — the  steps  of  tbc 
proceits  appear  to  be  thoe  :  a  small  quantity  of  water  is  formed ; 
it  immediately  diffuses  itself  in  vapour  into  tbe  hydriigcn,  and  is 
mechanically  carried  away  by  the  current  of  this  gas,  which  miiat  be 
employed  in  considerable  excess  fur  lhi»  purpoHc;  and  this  proccw 
goes  on  notil  tbe  reduction  is  complete.  On  the  other  hand,  if 
metiiliie  iron  he  heated  in  a  current  of  steam,  water  in  decompcwcd, 
hydrogen  is  liberuteil,  and  is  carried  Iwyond  the  reach  of  chemical 
action  upon  the  newly  formed  oxide  of  iron  hr  the  exeeas  of  the 
hteam  employed.  In  a  similar  manner,  if  a  cnrrent  of  sulphuretted 
liydrogen  Ije  transmittoil  in  large  exocsa  over  solid  bicarbonate  of 
potash,  aided  by  a  gentle  heat,  the  whole  of  the  carbonic  acid  and 
water  will  be  displaced  from  the  bicarbonate,  and  carried  forward 
bv  the  excess  of  the  gas,  whilst  sulphide  of  potaasium  nil!  be 
formed.  But  sulphide  of  potassium,  if  disaolved  in  water,  and 
BubJDCted  to  a  current  of  enrhouie  acid,  will,  in  it*  t«n\,  V  f^*.. 
daaify  bat  compktciy  decufflpo««d ;   lUc  h\i\'f\\\ii«XXt^  V>j&tQf^>. 
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being   carried  awar  hy  the  excess  of  c«rbonic  add,  vbilst  hkxr- 
bonate  of  ])oU«li  in  formed  in  tlic  liquid. 

(8ji)  If  elasticity  be  prevented  b;  mechanical  means  fro«n 
exerting  it>  influence  in  removing  x  body  from  contact  with  otben 
for  nbich  it  baa  an  affinity,  cotiibiiialioiift  may  be  obtaiDi-d,  whicli 
cannot  otherwise  be  procured.  Wobler  (Liebig'$  Annal.,  Ixxir. 
376)  found  that  a  hydrate  of  sulphuretted  hydrogen  mar  bo 
obtained  in  colonrk-ss  crystals,  if  a  portion  of  pereulphidc  of 
hydrogen,  freed  from  acid,  be  i>wiled  up  in  a  strong  glass  tube 
with  a  small  quantity  of  natcr  ;  the  pprsulphidc  gradually  under- 
goes deeom{>0!ution  into  cryNtallized  sulphur  and  gaseous  sul- 
phuretted hydrogen,  which,  at  ordinary  temperatures,  exerts  a 
prewure  of  about  17  atmospbc-res.  lender  these  circutnstancca  it 
combines  with  water,  and  forms  a  crystalline  solid,  which  diiuip- 
penrs  iiitli  cfibrvc»ceiic«  when  the  tube  is  lieated  to  86°,  but  is 
rcpro<luced  on  cooling.  If  a  lube  containing  crystals  of  thin  com* 
pound  be  opened,  the  crystals  immediately  divuppear  with  brisk 
effen'eseeuce.  In  other  cases,  the  <lccompositi(m  of  compouod* 
already  formed  may  be  retarded  or  prevented,  by  preventing  the 
escape  of  the  elastic  constituent  by  mecliauical  meaoa.  Ilydrate 
of  chlorine  offers  ati  instance  of  this  kind,  I'nder  ordinary 
circumstaneea,  thi»  auliMtance  lie(y>mes  liquid  at  a  few  decrees 
above  the  freezing  point  of  water,  vitb  escape  of  gawous  chlorine; 
but  if  the  solid  liyilnite  be  scaieil  up  in  a  glass  tube,  it  remains 
•olid  even  when  the  temperature  rises  as  high  aa  70°,  the  pressure 
of  chlorine  within  the  tube  retarding  llie  decomposition.  Agaia, 
carbonate  of  lime  is  decomposed  in  an  open  tiie,  at  a  red  heat, 
into  c«rl)onic  at^id  and  quicklime,  but  if  it  be  euelosed  iu  an  iroa 
tube,  the  mouth  of  which  is  plugged  to  prevent  the  escape  of  tbe 
acid,  the  carbonate  may  be  melted,  and  ou  cooling  it  fnrnishc*  ■ 
granular  mass,  whidi  is  atill  carbonate  of  lime,  and  has  the 
apl>earaucc  of  marble 

(853}  Actitin  of  Addi  on  Salt*  in  Solution. — Whenever  an  acid 
ia  added  to  a  salt  with  the  base  of  which  it  is  capable  of  formioga 
soluble  compound,  it  may  be  suppoi^cd  to  produce  a  diviwou  of  the 
base  between  itself  and  tbe  acid  with  which  it  was  previously 
united,  so  that  two  aciils  and  two  salts  may  be  present  in  the 
liquid,  in  some  unknown  proportions  depending  upon  the  strength 
of  the  relutivc  atlinities  of  the  base  for  the  two  acids  : — thw«,  uhcu 
litrate  of  potash  is  mixed  with  sulphuric  acid,  part  of  the  pota*h 
be  supposed  to  enter  into  combination  witli  the  aulphum 
and    part  to  rcmaiu  um\\.<A   ■«\\\\  ^\ft  tsAxvn  acid,  while  a 

ioa  of  uilric  acid  *Vtt  \»  \CwevawAi  mA  ■•i^  wivi.  -^KSij.  ■Cs» 
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^inbiacd  sulphuric  acid:  thus,  a  (IIO,SOj)  +  2  (KO.NOJs 
KO,NO,+  KO,SO,+  HO,NOj+IIO,SO,.  The  oocurreuce  of 
suoh  ft  decomposition  aa  this,  although  probable,  in  many  cases 
does  not  juiioit  of  direct  proof.  If  an  adilitiuiml  force  be  called 
into  operation,  such  aa  the  development  of  elaatieity  on  the  appli- 
cation of  heat,  tlic  mcnx!  volatile  acid  may  be  expeUed  in  the  form 
of  vapour,  and  may  Uiua  be  withdrawn  from  the  sjilicro  of  action. 
This,  however,  is  uo  proof  that  such  a  partition  of  the  bitKe  Hctniilly 
vxisted  previous  to  the  application  of  heat.  In  caaea  where  the 
affinity  of  one  acid  for  the  base  is  very  Urong,  whilst  that  of  the 
other  is  feeble,  (he  atrnuj^er  acid  way  {a*  in  the  ea.4e  of  atilphiiric 
add  and  borax,  already  cited)  entirely  appropriate  the  base  to  itself. 
But  where  tlie  two  acids  at  all  approaeb  each  otiicr  in  chemical 
power,  it  must  be  assumed  that  a  division  of  the  base  takes  place. 
Sometime*  Uic  occurrence  of  such  n  pjirtition  cau  be  proved  by 
ihc  change  of  colour  which  enaues  after  the  mixture  has  becu 
effucted.  Sidphatc  of  copper,  for  exainplc,  is  of  a  blue  colour 
wbcu  in  solution,  and  cliloride  of  copper  is  green.  If  a  solution 
of  the  blue  Hulpbatc  be  mixed  with  hydrochloric  acid,  it  is  evident 
tliat  the  oxide  of  copper  enters  partially  into  eombination  with  the 
bydroclilorie  acid,  siiico  the  solution  aesnmca  a  bright  green  tint ; 
2  (CuO,SOi)  +  3  HCl  =  CuO.SO,  +  CuCl  +  HO.SO^  +  HCl. 

If  the  base  form  an  insoluble  compound  with  the  newty  added 
acid,  it  i»  po!>MbIu  to  decompose  the  original  itult  completely  by 
its  means.  Thus,  if  a  solution  of  nitrate  or  of  acetate  of  baryta 
be  mixed  with  sulphuric  acid,  it  may  be  supposed  that  the  buryta 
divides  itself  between  the  two  aeidii  in  proportion  to  its  aliiuily  for 
each  ;  but  the  sulphate  of  barj-ta  being  iusolnbic  is  nt  once  with- 
drawu  from  the  mixture,  and  the  baryta  reuiaiuin^  in  the  original 
salt  again  divides  itself  between  the  two  acids :  the  fresh  portion 
of  8ul]>batc  of  baryta,  however,  is  imniciiiately  jirwipitated  ;  and 
so,  by  a  scries  of  steps  which,  where  the  alHuities  arc  strong, 
succeed  each  olher  far  more  rapidly  than  they  c-«n  he  dencrihcd, — 
the  whole  of  tbi,-  baryta  is.  separated  in  the  tbrm  of  an  insoluble 
sulphate,  leaving  the  nilric  or  the  acetic  lund  free  in  thi^  solution. 

A  very  feciblc  acid  may  even  diMplaco  a  more  powerftd  one 
when  the  compound  which  it  forms  is  insoluble  in  the  menstruum 
in  wliich  it  is  suspended.  Ilydrocyanic  acid  will  separate  nitric 
acid  from  oxide  of  silver,  owing  to  the  formation  of  tlic  insoluble 
cyanide  of  silver;  AgO,NOj  +  iICy  =  lIO,K05  + AgCy.  Tartaric 
acid  will  liberate  sulphuric  acid  in  a  solution  of  sulphate  of  lilver, 
owing  to  the  formation  of  an  insolulilc  tartrtttc  i^f  %\1im.  Oiakva 
■Jd  wiil  precipitate  oxaJatc  of  copper  Stonx  a  wJVutSoa.  vfi  0»\v>^\*i» 
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of  copper ;  and  Pelouatc  lias  oWrrod  that,  if  a  current  of  oarbooic 
arid  he  traiiNniittvd  thruiigh  m  solution  of  ncvtnte  of  potiL«)i  dU- 
aotvcd  in  alcoliol,  acetic  acid  trill  be  liberated,  and  carbonate  of 
potash,  which  is  iDKolublc  in  alcohol,  vill  be  M-jMirulvd  ;  but  no 
such  change  occurs  in  ila  aqueous  aolutiou,  since  carbonate  of  potaeli 
if  rrocl}'  soluble  iii  water.  Tbis  rule,  howcTcr,  ix  not  wttliont 
csceptiou,  where  one  acid  u  very  powerful  and  the  other  is  verr 
feeble ;  borate  of  lime,  for  instance,  is  au  insoluble  salt,  but  a 
solution  of  Imracic  acid  will  not  occaaion  anj  (irecigiilate  if  mixed 
with  one  of  nitrate  of  lime ;  citrate  and  tartrate  of  lime  arc  also 
iuaoluble  comjioundit,  but  neither  nohition  of  citric  nor  of  tartaric 
acid  occasions  a  prcci|ntate  iu  one  of  nitrate  of  lime. 

In  like  manner,  if  the  acid  originally  present  be  inmlnble  in 
water,  it  will  be  separated,  and  t]ie  aalt  will  be  decomposed  ;  thus, 
on  th«  addition  of  nitric  acid  to  a  solution  of  lnngi>tatc  of  potash, 
the  tUD|piiic  acid  is  precipitated,  whilst  nitrate  of  potash  is  retained 
iu  the  solution ;  KO,WOs  +  HO,NO(  =  KO,NOi  +  nO,WO,. 

{^^4}  Action  0/  Basrs  on  Salts  in  SoluHon. — An  analogoni 
decomposition  occurs  if  a  quaotily  of  some  additional  base  be 
added  to  a  saline  solution.  If  the  two  bases  be  soluble,  and  tbe 
sjtlts  which  they  form  be  also  soluble,  the  solution  will  rcmaia 
clear,  and  it  niiiy  be  supposed  that  the  acid  is  divided  between  the 
two  bases  iu  proportion  to  its  affinity  for  each,  as  wbeo  a  solatioa 
of  iiilratc  of  baryta  is  mixed  with  a  solution  of  potash  r  a  mixture 
of  nitrate  of  baryta  and  nitrate  of  potash  with  free  baryta  anil 
free  potnsh  is  thus  obtained;  but  as  baryta  t*  Icsa  soluble  than 
potash,  a  jxirtioii  of  tbe  baryta  will  be  gradually  deposited  if  tbe 
solutions  be  in  a  concentrated  form.  If  cither  of  the  bases 
be  insoluble,  or  form  au  insoluble  salt  with  the  acid,  a  complete 
reparation  of  the  base  or  of  the  acid  contained  in  the  original  salt 
may  bn  effected.  For  example,  the  ^alt»  of  nearly  all  the  metals, 
with  tbe  exception  of  those  of  the  alkalies  and  of  the  alkaline 
earths,  eoniuin  as  bases  mctallie  oxide*  which  are  not  soluble  ia 
water  :  the  addition  of  any  soluble  base,  such  as  potash,  soda,  or 
ammoiiia  to  their  solutions,  immediately  occasions  the  precipita- 
tion of  the  insolnble  oxide.  It  is  in  this  manner  that  aneh  oxide* 
are  commonly  prepared  from  their  solutions:  for  example,  the 
oxide  of  zinc,  of  iron,  of  cobalt,  of  nickel,  of  manganese,  or  of 
siher,  mny  thus  be  completely  separated  from  the  acid  by  wbidi  it 
was  previously  held  iu  solution;  thus,  Co<),S0j  +  KO,H0= 
CoO,HO  +  KO,SO,.  Solution  of  baryta,  of  strontia,  or  of  time, 
acts  iti  a  similar  manncv,  \t  xVc  vttivW*  iiac  ^\s«,\!i,  Ut«  the  nitric 
or  the  liydrocWotic,  w  cavia\AK  lA  Ioitowvij,  ■».  tt^-iStfi.  w«k 
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with  tlicw  bases.  A  solution  of  nitriiU;  of  copper  mny  ttius 
be  decomposed  by  a  solution  of  l>ai'yta;  CuO,NOj4-ilaO,HO= 
BaO,NOj  +  CuO,IIO. 

In  a  few  <!iise»  no  precipitation  occurs  even  though  the  oxide 
be  iu«oluhlc;  thus,  vhcu  cyauidc  of  mercury  is  mixed  with  a 
Bolution  of  potash,  no  precipitate  i»  produced,  altliuujjh  oxide  of 
mercury  is  insoluble  iu  water. 

If  llie  newly  juldtd  bunc  form  iin  insoluble  compound  with  the 
acid,  it  is  wholly  precipitated  by  it ;  and  if  the  other  base  be 
soluble,  it  remains  in  the  liquid.  One  of  the  muthod:<i  of  forniicig  a 
pure  solution  of  )iotash  is  founded  on  thifi  principle ;  in  this  experi- 
ment a  itolutiou  of  Kulphntc  of  pota«h  is  mixi^d  with  a  quantity  of 
solution  of  haryta  exactly  »ufEcieiit  to  precipitate  the  whole  of  the 
fuiphuric  aciO;  KO,s63  + BHO,liO  =  KO,UO  +  BaO,SO(;  and 
in  a  similar  manner  oxalaUi  of  jiotiuli  ia  deprived  of  its  oxalic  acid 
by  the  addition  of  linuvwater  to  its  solution,  owing  to  the  fornialiou 
of  an  insoluble  oxalate  of  lime.  If  tlie  bit«e  as  well  as  the  salt 
which  is  formed  by  the  addition  of  the  new  hn^c  to  the  acid  he 
insoluble,  it  is  poMiible  tu  precipitate  the  whole  of  both  acid  and 
blisc  from  the  liquid  Eimultancously ;  as  when  a  solution  of  baryta 
is  added  in  re};iiluted  qtiantitiest  to  a  soliitiou  of  aulphate  of  silver ; 
AgO.SOj  +  BaO,UO  =  AgO.UO  +  15aO.SO,. 

(855)  Mutual  Action  of  Salts  in  Saluiian. — It  i»  a  rule  almost 
without  exception,*  l/ta(  when  solutiong  of  two  salts,  capable  of 
fannitij/  by  mutual  'mlerchange  of  acids  ami  l/aK.i  an  iiimilu/jlc 
or  aparinyly  soluble  salt,  are  mixed,  the  salts  decomjjose  each  other, 
and  the  compouii'l  which  is  least  .loiubk  if  prrcipitittrd.  It  i*  in 
this  manner  that  tbe  greater  number  of  insoluble  compounds  are 
formed  by  the  proecKs  of  double  decomposition.  Chloride  of  silver 
is  thus  obtained  by  acting  upon  a  solution  of  nitrate  of  silver  with 
one  of  common  salt;  AgO,NOi  +  NaCl  =  NaO,N'Oj4- AgCl ;  and 
in  a  similar  manner,  if  carlionate  of  manganese  or  phosphate  of 
copper  he  required,  it  may  be  pracured  by  mixing  a  solution  of 
chloride  of  miuiganese  or  of  nulphiite  of  copper  with  one  of  car- 
bonate of  potash  or  of  phosphate  of  soda.  Sometimes  a  soluble 
compoinul  may  be  udviiiitagcously  procured  in  this  manner,  as  in 
the  ordinary  nietbod  of  preparing  acetate  of  alumina,  in  which  a 
Kulntionof  acetate  of  lead  is  mixc<i  with  one  of  sulphate  of  alumina: 
sulphate  of  Icuil  is  precipitated,  and  acetate  of  alumina  remains 
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*  WhoD  a  sobniou  of  cjuuiJ^  of  Mtreiirv  Js  in)x«d  with  oaei  of  nitrate  of 
silvpr,  lilllo  or  110  [irceipitsw  t*  iiroducod,  althounh  cy&aidc  of  silver  i«  a  Tcrf 
innolublr  campoaati,  aad  eynnicle  of  mvrcaTj  haa  i;i<A  ^^  y^^Kct  <)1  V/raiivif,  v 
toJuUff  double  cy^dc  «ita  it. 
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.liiwolve^  ;  3  (PbO,C,n,0^  +  AIjO^  3  80,=3  (PbO.SOJ  +  AIjO^ 

3C.UA- 

When   two   ralinc  tolutions  arc   mixct],  itliicli  Torra,  br  the 

mutual  interchange  of  llieir  a«itU  and  bases,  sails  which  arc  »l*o 
firely  soluble,  in  or^ioary  esses  there  is  no  proof  that  any  chan^ 
occurs,  but  it  itt  usually  auppOAerl  that  a  mixture  of  four  diflereiit 
salt*  is  produced.  When,  for  instance,  solutions  of  sulpliate  of 
potash  and  nitrate  of  ttoda  are  miiif;1cd,  it  ii  imagined  that  a  mix- 
ture of  sulphate  of  potash  and  sulphate  of  soda,  of  nitrato  of  jxita'^b 
and  nitrate  of  toda,  in  unknown  proportion,  dependent  upon  the 
balanee  of  the  mutual  affinities  of  the  acids  and  bases,  is  llw  remit. 
In  like  manner  the  mixture  of  three  diff^nt  acids  and  three  dif- 
ferent bases  would  occasion  the  formation  of  nine  different  satti; 
and  the  mixture  of  four  snits,  each  containing  different  acids  anil 
different  bases,  should  produce  sixteen  different  salts,  provided  that 
all  arc  cnpidile  of  coexisting  in  solution. 

Hence  it  nill  he  seen  that  is  impossible  to  state  witli  cer- 
tainty  what  are  the  salts  which  arc  present  in  mixture  in  any 
solution  which  contains  a  number  of  saline  compounds.     In  the 
analysis  of  a  mineral  water,  for  example,  it  is  pomblv  to  determine 
the  amoimt  of  each  acid  and  of  each  base  which  is  present,  hnt 
it  is  not  possible  to  say  what  the   salts   really  were  which  were 
brought  into  solution  to  form  the  mineral  water  in  question.    Sul- 
phuric acid,  nitric  acid,  carbonic  acid,  and  chlorine  may  have  been 
present  amongst  the  acid  constituents,  and  potash,  soda,  lime,  and 
magnesia  amongst  the  bases ;  but  it  is  impossible  to  say  bow  all 
thoitc  aeida  and  bases  are  distributed  in  the  >oUition.     Kfany 
chemists  allot  the  bases  to  the  acids  in  the  order  of  the  insolnbiliiy 
of  the  different  salts,  whiUt  others  allot  the  strongest  bases  to  the 
strongest  acidx.     In  reporting  the  results  of  analysis,  however,  the 
i]uaiititie!t  of  the  separate  neids  and   Itftsc*  should   invariably  he 
given ;  in  addition  to  which,  the  analyst,  if  he  pleases,  can  allot 
them  according  to  his  fancy.       The  foregoing   remarks  niny  he 
illustrated    by  the   curiou*  alternate  deooni{io»itions  which  dilfc- 
reneea  of  solubility  at  different  temperatures  sometimes  bring  about; 
a  striking  instance  of  this  kind  occur*  in  the  case  of  a  mixtmv 
containing  both  sulphate  of  magnesia  and  common  salt.     TheM 
salts  oecar  mixed  together  on  a  large  wale  in  the  mother-lifjoot 
nf  Ma-water,  after  the  liay-snit  has  been  separated,      l-'onr  salt* 
may  be  formed  by  the  intermixture  of  tbtwe  two  compounds,  vii., 
aulpliate  of  magnesia,  sulphate  of  soda,  chloride  of  magiteaium,  and 
cli'oride  of  sodium.    Ot  t\\c»c  Iomt  *vi\^»,  e\J«iT\\«i  i^^  'wxXvam  ia  the 
■  mat  soiuble  at  the  WViin^  v*«*"-  "^*>  v\«-'wS.'«''AN>R  w>\->»m» 


concentrated  by  ebullition,  chloride  of  sodium  is  separatod  in 
crratalet;  uud  m  tlie  liquid  cooli,  the  »ulpliute  of  inngivuaiu  crys- 
tallizes out.  The  effect,  however,  will  be  different  if  the  solution 
be  allowed  to  cinporatv  spontaneously  in  the  open  air;  ut  low 
t^Mnperaturea  the  sulphate  of  .soda  u  the  least  soluble  of  the  four 
sails;  and  at  low  tvmpcraturcs  it  is  the  sulphate  of  sodn  which 
separates  in  crystals  from  the  liquid,  whilst  tJie  readily  soluble 
chloride  of  magnesium  remains  iu  solution. 

Upon  a  simiUir  principle  nitrate  of  soda  is  converted  on  a  large 
scale  into  nitrate  of  potash,  by  mixing  it  with  chloride  of  potas- 
sium ;  on  eoncentratiiig  the  solutiou  by  boiling  it,  chloride  of 
Eodium  is  separated  in  crystals,  and  nitrate  of  pota«li  crystallizes 
out  OA  the  liquid  cooln:  at  low  temperatures  chloride  of  sodium  is 
more  soluble  than  nitrate  of  potash,  aud  the  nitre  crystallines  out 
nearly  in  a  state  of  purity. 

It  may,  in  faet,  be  stated  as  a  general  principle,  that  on  con- 
ccutntting  n  mixed  solution  by  evaporation,  the  salt  which  is  least 
soluble  at  the  particular  temperature  employed  is  that  which  is 
fint  formed. 

Id  certAtii  cases  where  there  is  no  great  difference  in  the  solu« 

faQtty  of  two  salts,  evidence  is  afforded  of  their  mutual  dccomposi- 

tioD  when  the  solutions  are  mixed,  by  the  change  of  colour  which 

then   ensues.     Sulphocjxuide   of  potassium,   for  example,   when 

misvd  with  a  jMilutlon  of  perchloride  of  iron,  so  much  dihiti^d  as  to 

bo  colourless,  indicates,  by  the  hlood-rcd  solution  which  it  forms, 

that  ft  mutual  intercliange  of  the  components  of  the  two  salts  hat 

been  partially  effected.     In  like  manner  when  a  solution  of  proto- 

eulphete  of  iron  is  mixed  with  one  of  acetate  of  soda,  a  brown 

colour,  similar  to  that  of  the  acetate  of  iron,  is  produced ;   aud 

further,  on  transmitting  a  current  of  sulphuretted  hydrogen  ihmugh 

the  liquid,  the  iron  is  precipitated  in  the  form  of  a  black  sulphide. 

This  reaction  could  only  take  place  owing  to  the  presence  of 

ttcctatc  of  iron,  since  a  solution  of  acetate  of  ii\>n  admits  of  being 

.  th lis  decomposed  by  sulphuretted  hydrogen,  but  one  of  sulphate  of 

iron  is  not  mo  acted  upon.     The  entire  quantity  of  iron  may  be 

separated  in  this  maimer,  for  no  sooner  is  a  certain  proportion  of 

iron  rendered  insoluble,  tlian  a  fresh  portion  of  acetate  of  iron  is 

formed ;  and  this  formation  and  decomposition  of  the  salt  continues 

as  loug  as  any  iron  remains  in  a  state  of  solution. 

(S^6)  /tiJJiienee  of  Matt  in  the  Fonnalu/n  of  Chemical  Com' 
jtouada. — A  curious  question  presents  itself  as  to  the  proportion  iu 
which  two  bodies  are  capable  of  thus  mutuallv  decom^o«iui^  cacK 
•'^^mxtuK^Vi'liKW,  for  example,  iUt  w  iSStittiA  \«Awa,  w,^. 
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and  c,  orcmixHl  togctlicr,  one  of  which,  c,  U  capable  of  wimbii 
with  either  of  the  othpr  two,  nuil  forming  with  them  compounil^, 
D  c,  which  in  both  cases  arc  soluble,  the  qaanti^  of  a  aiid  of  *  heiag 
conftidcrably  in  cicos*  of  c:, — will  (he  {iroportion  in  wbich  c  oiteri 
into  combiuation  with  i  and  B,  be  determined  merely  by  tlie  stre: 
of  their  rclatitc  nfRnitics?  or,  will  the  proportion  in  whi<A  cai 
these  liodieB  is  present  also  influeoee  the  result?  It  was  ai 
by  Berthollet,  that  not  only  would  c  be  dividt-d  between  a  and  h, 
but  that  in  proportion  as  the  quantity  of  one  of  theite  bodies  a, 
preponderated  over  the  other  body  b,  tbc  proportion  of  a  c  in  the 
mixture  would  be  increased,  while  of  course  that  of  n  c  woulii  be 
dimioi^hnl.  If,  on  the  other  hand,  the  proportion  of  b  were  increased, 
the  quantity  of  the  compound  b  c  wouhl  be  angnii-fited,  whiUt  th&t 
of  A  c  would  l)c  proportionately  Icwcnod,  the  body  c  diriding  itself 
between  a  aud  B,  lo  a  pro|iortion  represented  by  tlic  product  of  its 
affinity  for  each  of  these  elements  multiplied  into  their  mats. 
Thus  if  a  repiTseot  the  mass  of  a,  let  r  reprexent  its  nffinity  fore, 
if  ^be  themoMof  B,and  y  its  affinity  for  c;  then  a  c  :  b  c::  <ij-:^5. 
Suppose,  for  example,  a  iiolutiuu  of  nitrate  of  potuxh  to  be  rnUcd 
with  more  than  its  equivalent  of  sidphuiic  seid;  it  is  generally 
conceded  that  the  pola»b  liivide*  itwlflwtwccn  the  two  acids,  forming 
a  mixture  of  sulphate  and  nitrate  of  potash,  with  free  sulphuric  and 
nitric  acids.  Now  if  the  quantity  of  sulphuric  acid  be  increaaed, 
will  the  quantity  of  sulphate  of  potash  which  i.s  formed  he  influenccil 
by  the  amount  of  sulphuric  acid  which  is  thus  added  in  excess? 
and  if  *o,  to  what  exteot  will  this  itiflueuoe  of  tlie  moss  of  the  and 
modify  the  simple  efl'cct  of  chemical  affinity. 

Let  us  imagine  for  e^iample,  that  ^r,  tlie  affinity  of  sulphurio 
acid  for  potasb=j,  whilst  y,  that  of  nitric  acid  for  polashs:4. 
AVIien  an  equivalent  of  sulphuric  acid  is  presented  to  an  equi- 
valent of  nitrate  of  potash,  the  mass  a  of  sulphuric  actd  =  t  :  tliat 
of  the  nitric  acid  /3:=  i  also.  Tlien  a« :  |3y  as  5  : 4.  The  nitnUe 
will  he  partially  decomposed :  ^)  of  the  potash  will  enter  into 
combination  with  Ihc  Milphuric  acid,  whiht  {  will  be  united  vith 
the  nitric,  and  we  shall  have  in  the  solution  I  (KO,SOj),  {  {KO, 
N0()  ;  (HO,SO,)and  -;  (HO.NO.).  But  suppose,  instead  of  add- 
ing  I  equivalent  of  sulphuric  acid,  2  efjuivnienti  be  employed, 
whilst  the  pro{)ortiun  of  the  nitrate  remains  unaltered ;  the  mass 
(I  of  the  sulphuric  acid  is  now  3,  and  aT :  (3^  as  to :  4.  The  pro* 
portion  of  nitrate  of  i>otaKh  will  be  diminished,  and  there  will 
be  H  (KO,SO,),tH  (KO.NOJ,  i-A  (HO,SO^and>  {HO,N0J> 
'd  if  3  equivalents  ot  svA^Wrw;  »ra.i  \«  tw'^Vi'^ftita  i  of  nitrate  of 
«»Ji,  wncc  the  maSiS  o  «5  »u\s^>iTiia  wa&w  !:>»■«=•>,■' "'"■^t** 


I 
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l,^ :  4 ;  conwquimtly  the  proportions  of  the  ingredients  irould  be  4-| 
(KO.SO,).  A  (KO.KOJ,  SA  (HO.SO,),  and  [  i  (HO.NOJ  ;  the 
proporcioa  of  sulphate  of  potatih  coiitiiitiiug  to  iiicrea«e,  though  in  a 
decrcutiiiig  ratio,  for  every  addition  of  free  sulphuric  acid  to  tlie 
volution. 

(8j7)  Gladstone'^  ErperimeMis  on  Mast. — No  ex[MJrimewtiil 
lolutioii  of  LhiH  prohlcm  wtu  given  by  Bcrchollet,  and  the  question 
fell  into  shcysuce  ;  but  wiiliiu  the  lant  few  years  several  iittcmptg 
hafo  been  miide  with  coiisidvra))lc  »ucci's«  to  dclerniiuc  this  quea. 
tJun  quantitatively.  (jUdHtone  {F/iU.  Trant.,  18^3,  p.  179)  hne 
published  a  ncrics  of  eKperimeiits  in  which  be  has  made  nae  of  the 
oh&nge  of  colour  which  soltiliou.-i  of  ccrt»in  Malts  undergo  on  mix- 
ture with  each  other,  as  a  means  of  ascertaining  the  extent  to 
which  thiai  mutual  deeoinp^isition  procevdit  when  all  the  products 
remain  in  solution.  The  principle  of  his  experiments  will  be  easily 
undentood.  Solutions  of  sevcml  per»altif  of  iron,  sueb  as  the 
persulphate,  the  pcniitrato,  pcrchloride,  pcracetate,  percitrate,  &c., 
were  prt-pniwl  in  such  a  manner  that  each  Khould  contain  the  same 
proportion  of  the  scsquioxido  diseohcd  in  the  &anie  bulk  of  water 
(encb  of  the  solntioiis  i;mpIoycd  conluiucd  riiy  nearly  t  grain  of 
sesquioxide  of  iron  in  tooo  grain- measures  of  water).  A  Hulntiou 
of  pure  sulpboeynnide  of  potassium  wa«  then  prepared  of  such  a 
strength,  that  wbeu  t  lueaHure  of  this  solution  and  4  of  that  of  the 
iron  sidls  were  mingled,  the  proportion  of  sulphocyanogen  should 
be  exactly  sulTident  to  convert  the  whole  of  the  iron  into  persuU 
phocyanide,  if  complete  mutual  decomposition  occurred  ;  thu*  the 
proportions  of  the  two  salts  employed  were  such  that  it  would  he 
possible  for  exact  mutual  interchange  to  occur  as  represented 
iu  the  following  equation  :  Fc,0j,3  NOj  +  3  (K,Scy)  =  Fej  Scyg  + 
3  (KO.NOj).  On  making  the  esperimcnt  in  this  manner,  it  wa.t 
found  that  the  iron  was  never  wholly  converted  into  the  I'cd  salt, 
for  the  tint  was  deepened  by  the  addition  of  more  either  of  the 
iron  salt  or  of  the  sulphoe}-anidc.  In  onler  to  obtain  a  quanti- 
tative estimate  of  the  amount  of  these  efl'eets,  definite  nieaxure*  of 
the  solutions  of  jieruitrate  of  iron  and  of  sulphocyauidc  of  potas- 
sium were  mixed  together,  and  the  liquid  so  obtained  was  diluted 
with  water  until  it  ocenpicd  a  known,  but  arbitrary  volume.  This 
diluted  iDizture  ftimished  a  liquid  of  a  certain  depth  of  colour 
which  was  employed  as  a  standard  of  eompHrixon.  Another  mea- 
sure  of  the  solution  of  pernitrate  of  iron,  equal  to  that  u»ed  in  the 
standard  solution,  was  mixed  with  regulated  wlditious  of  the  sul- 
phoeyanide  of  potn.-K<iuin,  and  the  liquid  thus  oliUi.itvKd  waa  vl^.V^viAli. 
with  laeaaureU  guautitics  of  naler  aiteieacU  ilMvvvou  q^v^'u^i^mc.'^^^* 
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nide,  until,  ns  far  u  the  eye  oonld  dHtiii*ittsfa,  tliia  solntton  bkd' 
tlic  Haue  depth  of  tint  ait  that  enplo}'e(I  aj>  the  standard  j  it 
then  WMuncd  that  the  quanlitv  of  sulpbory snide  of  iron  romn 
«u  proportionate  to  the  bulk  of  the  two  notutioDs.*  Suppose  thai 
the  stundurd  eolution  occupied  a  volume  of  8So  measures.  It 
foiiiid  that  if  twice  the  quatilitv  of  the  i>ul|i!iocyBnidcof  potasaun 
employed  in  the  standard  hquid  were  made  use  of  in  the  ner 
Hoiution,  thia  mixture  would  reniuire  dilution  till  it  occupied  1370 
iDfiMtirea.  The  proportion  of  sutphoc^'anide  of  iron  forine<l  iu 
th«K  two  ca->v«,  iTiis  n»>ume(l  to  \>t  us  880  to  1270,  or  as  1  to  1*44. 
The  excena  of  Bulphocjanide  thus  emptoveil  had  therefore  with- 
drawn an  additional  quantity  of  iron  from  its  combioation  with  the 
aitric  acid. 

lo  this  manner  cipcrintcntA  were  made  with  quantities  of  the 
sulphocyaiiide  of  potaiwtium,  progressively  tncreiuitig  from  -f  equi- 
valent of  the  sulphocjanidc  to  each  equivalent  of  oitrate  of  inw, 
up  to  375  equivalcnta  of  ^uljihocyanido  to  1  equivalent  of  nitrate  of 
lion,  and  it  wns  found  that  the  qunntity  of  sulphocjanide  of  inn 
which  wiw  furnieii,  ountinuetl  to  increase  with  e^-ery  nddition  of  saU 
pliocyanide  of  potassium,  though  the  eifDct  of  eowh  coni«eeutiTe 
addition  Ijccatne  less  and  less  niitrked. 

It  was  aaccrtaiiu'd,  as  iiidcc^l  it  was  to  be  expected,  that  the 
proportions  of  sulphocyauidc  of  iron,  which  arc  formcl  hj  tfa? 
mixture  of  equivalent  quantities  of  other  salta  of  iron  with  gnrcn 
amounts  of  the  »nl[Jtocyniiide  of  potassium,  vary  with  the  uatuta 
of  the  acid  in  combination  with  the  peroxide  of  iron.  For  example, 
it  was  found  that  when  nitnitv  of  iron  wna  miied  with  sulphocy- 
anidv  of  potanaium,  in  the  pro))orlton  of  eqniiulcnt  qoantitiea  of 
etch,  that  0*194  of  an  equivalent  uftlic  red  salt  was  formed.  Wbea 
au  eqnivftlcnt  of  seaquichWide  of  iron  waa  used,  01 73  of  an  equi. 
vident  was  fonned  ;  when  the  sulphate  was  employed,  0"ii6  of  su 
equivalent  was  produced ;  with  acetate  of  iron  0*04  only  wa» 
formed,  and  when  citrate  of  jrou  was  emphiyed,  the  qtumtitv  of 
HulphucTBuide  of  iron  which  it  yielded  vas  too  small  to  admit  of 
bein{(  cutiraated.  The  oxide  of  iron  therefore  retaiiiol  these  dif- 
fercDt  acids  with  degrees  of  force  which  vary  inversely  witJi  tfa6 
quantity  of  sulptHtcyanidc  which  is  formed,  whilst  the  potasaium  in 
tlic  Nilpboeyanide  atlmcted  them  with  a  power  to  direct  pi 
to  these  quantities.     Various  attempts  have  been  made  to 


I 
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*  GUdotow)  fiMind  thai  HtDtpIv dilulion 9f  (he  tulpbocraaidaof  b«n  n 
the  ticii  in  a  proporlioD  |,TMt»r  than  eonld  be  acMunled  for  by  wmm  (UId 
Imt  tliii  Boiiivt-  of  error  »m  diminatrd,  ud  wa*  ad  foaad  to  prMtnt  it* 
otiiet  tatra  wliicU  lt«  ooiplof  cd  to  UM  tiM  aonirtcy  of  (he  geDoal  ondl 
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I  nomcrical  cxprctaion  for  the  force  of  nfflnitj'  by  wliicli  dif* 
lcon)|wuui]»  un:  united,  Imt  they  bare  all  bitliiTto  failed, 
ata  coiuiticted  npon  tbe  principle  of  those  of  Gladstone 
[to  ofTer  the  fftimt  prospect  of  solriog  this  tntcrcaling  nod 
nl  prolilcm. 
tide*  llie  !iu)]>bocyiuudc  of  iron,  Gladstone  examined  a  variety 
r  coloured  oompounds  ;  oue  of  which  was  the  scarlet  bromide 
ohl,  which  becomes  ji-llovr  when  mixed  with  the  chloride*  of 
«9m  and  sodium,  to  an  extent  van-iug  with  the  proportion 
liich  theite  ^alt^  are  luldvd  :  the  Bulpbftte  of  qmnia,  when  mixed 
la  wlable  chloride,  iodide,  or  bromide,  also  aflbrded  similar 
■Boils,  oa  it  lo«e«it«  fluoresaitt  chariictcr  (104)  in  pru|X>rtion 
pp  quantity  of  chloride  or  hromidc  irith  which  it  is  tnisod. 
u  lliefte  an<l  from  a  variety  of  other  experiments,  it  appears 
«lu)o  two  or  more  compounds  in  solntion  are  made  to  act 
I  each  otiier,  provided  that  the  products  whidi  thcj  form  hy 
'  mntual  action  are  also  soliihle,  the  fblloiriu^  coaclosions  may 
r»wn: — I.  That  mutniil  inUTi'himgc  lietwceo  the  bodies  which 
mixed  takes  place  in  determinate  proportions.  2.  That  these 
orttoiis  are  indqwwlent  of  the  manner  in  wliicli  the  compounds 
I  originally  combined :  thus,  if  sulphate  of  potash  and  pcmi- 
r  of  iron  be  mixed  in  cqnivalcnt  quantilic*,  the  nnult  is  tbe 
B  as  if  oitrate  of  potash  and  persulphate  of  iron  had  been  em* 
ehI  in  equirnlcnt  qiirintitie^  Thi!>  U  a  fundamental  point  in 
e  inquiries ;  hut  it'  Struvc's  observations  [quoted  by  Graham, 
«.  C/iem,  and  Ed.  p.  333)  be  correct, — vix.,  that  in  tJie  prepa- 
m  of  mineral  waters,  the  taste  of  the  liquid  varies,  not  only 
gdiug  to  the  nature  of  tlw  salta,  but  uUo  according  to  the 
K)  which  tbey  arc  added, — it  cannot  be  a  general  law.  3.  That 
^iruportioaa  mn:  de()endeut  partly  ugiou  the  atrengUi  of  the 
timl  aftinities  of  the  compuucnla  for  each  other,  and  partly  also 
>  tbe  tnasa,  or  relstirc  proportion  of  eacli  oouipound  which  ia 
Vtil  in  tlio  mixture.  4..  That  the  alteration  of  tlie  mass  of  any 
of  theto  coin]x)uiiil!i  nitcnt  tlie  amount  of  all  the  other  com* 
Dids  which  oo-c.\iBt  in  the  mixture,  in  a  regularly  pngrcatiTC 
Hi)  and  these  quantities  admit  of  being  reprewnted  by  regular 
^**,  In  most  cases  this  ndjostmcnt  of  the  relative  quantities  of 
nt  bodies  takes  plac«  immediately  that  thcmiiture  is  made. 

E^ni  ETperimeni*  of  Banarn  and  ^f  Dehht. — Tlie  results  arc 
Bt  if  the  products  of  the  chemical  combination  be  at  once 
ivl  fmm  the  sphere  of  action, — as  by  the  formation  of  gosc- 
"'>-:--inund!i,  or  of  an  insoluble  precipitate  when  two  liquids 
Jlunsen  has  inrc«tigatcd  the  results  obtained  in  tome 
^^  8  X 
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cases  of  gAsrotu  combination.  He  found  that  wbcn  a  mix' 
hydro^eu  ami  carbonic  osidc  wm  detonated  with  oxygea  in  q 
iiHoillcient  for  its  complete  combuiitioii,  the  oxygen  divided  itwlY 
betvecu  the  tno  g&ua  iu  such  a  mannei-  that  tlie  quantities  A 
water  aiid  uf  carbonic  acid  prodoced  verc  Id  very  simple  stomifl 
relations  to  each  other  {Liehig's  Anaai,,  Ussv.  137),  He  exploded 
togrtlvcr  mixtures  of  oxTgen,  hydrogen,  and  carbonic  oxide^  in 
Taryiu^  jtroimrtious,  the  hydrogen  and  carbonic  oxide  being  each 
it)  considcrnblc  excow  over  the  oxygen  :  under  such  circumstance* 
water  and  earboiiic  acid  vcrc  formed ;  but  the  quantity  of  carboiiic 
•cid  naa  greater,  iu  proportion  as  the  carbonic  oxiiit- preponderated, 
according  to  a  certain  lair.  Similar  rcsuhs  were  obtained  by 
detonating  cyanogen  with  a  quantity  of  oxygen  insufficient  for  tU 
complete  combtLstton  ;  iu  such  case  nitrogen  aud  a  mixture  of  cu> 
bonic  acid  and  carbonic  oxide  iusimpiv  proportions  were  obtained: 
and  wlicu  a  mixture  of  carbonic  acid  and  hydrogen  via*  detonated 
with  a  quantity  of  oxygen  insufficient  for  the  cousumptiou  of  tbe 
hydragcti,  a  certain  proportion  of  the  carbonic  acid  woh  reduced  to 
carbonic  oxide,  according  to  the  terms  of  the  same  lair. 

Tlie  follt>wing  is  the  law  deducible  from  BuiiiieH'it  expcrin»ots: 
— I.  When  two  gaseous  bodies,  a,  b,  arc  mixed  with  a  third  body, 
c,  and  firud  liy  nieuns  of  the  electric  spark,  tlic  body  c  takes  from 
A  and  B  quantities  irhicb  always  stand  to  one  another  in  a  simjile 
atomic  reliition  :  sotluil  fori  atom  of  a  c,  i,  2,3,  or4  atoms  ofBC 
are  produced;  for  a  atoms  ofAC,  3,  or  5,  or  7  atoms  of  a  c  are  formed. 
If  I  atom  of  the  com{)ound  a  c,  aud  one  of  »  c  be  formed  in  this 
manner,  the  mass  of  a  may  be  increased  in  the  presence  of  a,  Vf 
to  a  certain  point,  without  niiy  change  in  that  atomic  propffllion; 
but  if  a  certain  limit  be  passed,  the  relation  of  atoms,  instead  of 
being  as  1  :  1,  nnddenly  becomes  a^  1  :  },  or  as  :  :  3  ;  and  bo  on. 

2.  When  a  body,  a,  acting  upon  an  excess  of  any  componnd, 
n  c,  reduces  it,  to  tliat  a  c  is  formed,  and  n  is  set  at  liberty ;  then — 
if  B  in  its  turn  can  redncc  the  newly-formed  compound,  a  c,— tba 
final  result  in,  that  the  re<liice<l  part  of  a  c  ii  in  simple  atomic  pro- 
portion to  the  unreduced  part.  In  the  case  of  theae  rcductioiu 
also,  the  mass  of  one  of  the  ingrMlients  of  the  mixture  xxaj 
increased  up  to  a  certain  point  without  altering  the  relative  pro- 
jWrtions  of  the  compounds  obtained ;  but  if  increased  beyond  thii 
limit,  a  sudden  alteration  in  the  irelative  projiorlioiix  of  the  fin>- 
ducts  occurs ;  but  these  proportions  still  admit  of  being  represented 
by  simple  ratios.  This  second  portion  of  the  law  needs  eonfirma- 
lion  by  more  extc^flci  cvif<tTv\ftt^*». 

The  foUowmg  es-V'-'^™'''^''''"'  '^^^^'«*^  'CofctvT*.  ^»*.  ^&.  *Cs*.V»i»P 
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goiDg  liw : — On  exploding  mixtures  of  carbonic  osldc  and  hydrogen, 
ia  the  following  proiwrtioiis,  lluiiseu  found  tlml  the  cjiiiuitities  of 
carbonic  oxide  und  hydrogen  winch  were  oxidised  were  in  tha 
proportions  stated  below ; — 
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These  experiments  show  that,  as  tlie  proportion  of  carlumc 
oxide  to  the  hydro);eu  in  the  mixture  <Iecrea--'cd,  the  proportion 
oxidized  on  dctonntion  decreased  also,  but  it  decreased  ^er  aallum, 
not  gradually,  and  the»c  pro|H>rtions  were  found  to  be  uniformly  the 
Bwne  on  repeating  the  detonation  with  the  same  mixture,  although 
the  decree  of  compression  to  which  the  mixture  was  snlijectcil  during 
the  detonation  was  considerably  varied  in  different  experiments. 

The  foUnwing  are  Burisen'a  principal  experiments  in  support  of 
the  second  part  of  the  foregoing  law  : — When  carbonic  acid  is  driven 
over  ignited  charcoal,  it  is  wholly  converted  into  carlmnic  oxide ;  but 
when  steam  is  transmitted  over  ignited  charcoal,  a  mixture  of  hydro- 
gen,  carbonic  oxide,  atid  carbonic  acid  i«  produced,  in  the  proportion 
of  4  volumes  of  hydrogen,  a  of  ea.rbonic  oxide,  and  i  volume  of 
c»rlx)nic  acid.  ■'Vgain,  wheu  a  mixture  of  cjanogim  wilh  atmo- 
spheric air  and  oxygen  was  detonated  in  the  eudiometer  in  the  pro- 
portion of  6*2  of  cyanogen  to  iQ  of  oxygen  ;*  the  cyonogeu  yielded 
3  volumes  of  nitrogen,  i  of  carbonic  oxide,  and  4  of  carliouic  acid  : 
and  when  a  mixture  of  4-07  of  carbonic  acid,  33'35of  hydrngeu,  and 
10  of  oxygen  was  detonated,  a  portion  of  the  carbonic  acid  yielded 
oxygen  to  the  hydrogen,  and  was  reduced  to  the  state  of  carbonic 
oxide ;  3  volumes  of  carbonic  oxide  being  formed,  whilst  exactly 
3  volumes  of  carbonic  add  remained  nrincted  Ujion,  although  a 
large  excess  of  hydrogen  was  present. 

Debus  arrived  at  suhitlantially  the  same  results  as  those  in- 
dicated by  Bunsen  for  gaseous  mixtures,  by  precipitating  a  mix- 
tnrc  of  lime  imd  baryta  water,  by  fmall  pro|)ortions  of  a  solution 
of  carbonic  acid,  and  by  similar  experiments  upon  a  large  excess 
of  a  dilute  solution  of  the  mixed  chlorides  of  calcium  and  of  barium 
to  which  a  dilute  solution  of  earbouatc  of  soda  was  added. 

In  the  experiments  of  Bunsen,  it  must  be  recollected  that  the 

*  Cjaoogen  rvquirvt  for  the  cainiik-lo  conthnsllon  of  its  carbon  twice  its 
volnme  ofoXjrjtHn,  «o'tha(  (ri  of  oysnogea  would  havo  rci\ainil  \r^\tvttA«d. 
of  10  of oxyeca i  tftwv  ;<  [hercfore  more  oryg«B  \\»aa  -cvoVAl  aviffiuas  X^w  *» 
caarcnioa  iMtbe  earboa  into  varbonic  osidu. 


first  products  of  tLe  chemical  co 
from  the  sphere  of  iiction ;  carl 

water  will  not  mutually  react  u] 
meuta  of  Debus,  the  carbonates  i 
therefore  at  once  withdrawn  fro 

(859)  Adhesion.— Tim  iiiflui 
action  is  often  exerted  by  ■ 
elasticity  :  this  is  exemplified 
freijuently  favours  the  mutual  a 
For  example,  sulphurous  acid  1 
mixed  when  dry  without  actin, 
present,  the  mutual  decomposil 
In  like  manner,  when  dry  su 
nitrogen  arc  mixed  together,  1 
them;  the  addition  of  a  few  di 
immediately  to  condeuse  and 
pound  which  has  Ijoeu  spoken  ( 
of  sulphuric  acid  (344,  and  not 
ga^cB  be  overcome  by  other 
liquefied  by  exposing  them  tc 
occurs  without  the  intcrventi< 

Water,  by  overcoming  the 
their  chemical  action  upou  sol 
ammonia,  in  their  gaseous  fom 
upou  the  metals  or  upou  the 
their  action  upon  them  is  rapii 

Surface  Actions. — Tlie  adbt 
curious  pheuoaiena  : — for  exa 
thoroughly  saturated  with  hydi 
live  wire  of  the  voltaic  battery 
in  the  decomposition  of  acidula 
tacbcd  from  the  battery  and  th 
copper,  or  of  nitrate  of  silver,  v 
salts,  and  their  respective  raeti 
charcoal  in  the  reduced  state;  t 
appearing  to  act  the  part  of  a  v 
suppbes  the  place  of  the  elect 
the  charcoal  that  of  the  ele 
plate.      If  a  plate   of  platiuu: 


•  This  may  be  effected  by  hoMii 
ond  rubbing  it,  when  hot.  with  a  1 
be  mnintnined  in  a  ftiaed  etato  upon 
u  theu  to  be  H-ashed  off  complctt-Jy 


Into  *  mixture  of  pore  oijgen  sod  hydrogen,  in  the 
■  to  form  wster,  the  gasec  become  coi>den«d  ugmn  the 
tbe  i>]At4.>,  and  being  brought  within  the  sphere  of  caxh 
tnu:tion,  l>cpu  to  unite ;  itt  first  i<'Iowly,  bat  during  the 
imbinntion,  hcM  b  extncatc<l,  and  the  action  proceeds 
ikly,  until  at  lut  the   pintc  becomes  red  hot,  and  an 
of  iho  ga*  ensues  (Faraday,  PAiL  7Vtti«.,  1834,  p.  55). 
iag   the   inetiil  in  11  rliMutegnitcd  or  s[)ongT  form,  the 
is  greater,  and  tlie  action  much  more  rapid :  tbe 
away  but  little  of  the  licat  wliieh  is  generated, 
bcomca  red  hot ;  whilst  iu  t)ic  condition  of  pbtinum 
ij)   this  activity   attiiiu*  its   maximum.     Ou  tlirowiiig 
this  black  powder  into  a  mixture  of  oxygen  and  hydrogen 
ntvly  t>eeomes  incnndcxcent,  and  the  gase»  combine  with 
Oft.     Platinum  may  bn  obtained  in  a  convenient  atate 
bdiroioii  for  experiment?  of  this  nntnrc,  by  moi inning 
ritb  a  solution  of  bichloride  of  platinum  and  exposing  it 
bent  J  the  chlorine  is  expelled,  aud  a  film  of  minutely 
itioum  ielcA  upon  the  surface  of  each  fibre  of  asbesioe. 
ita  inalteniliilily  by  ordinary  chemical  agents,  platinum 
y  divided  form  has  been  used  to  effect  various  combi- 
bicli    caiiuot    otbcrniM.'  readily  be    procured   bctwccit 
and   gaaeons  bo<lies: — For   instance,    if  ammonia    be 
o>phcrir  nir,  and  transmitted  over  spongy  platinum 
r,  ita  nitrogen  becomes  converted  into  aitric  acid,  and 
jntonnter;  H,N  +  8  0=3  U0,NO,:  but  this  trans- 
mot   be  cflected   by   heat,    unless   some    substance 
pnngy  pliitinum  be  axcA,  siucc  nitric  acid  is  dccom- 
m]M;rature  which,  under  ordinary   circumstances,  is 
iflect   thi:  combustion  of  ammonia.     On  the  other 
may  \k  formed  from  the  oxides  of  nitrogen,  by 
with  hydrogen  and   transmitting  the  guscs  over 
nge  gently  healed;  N(>j  +  5  H  =H,N-.-2  HO.  Nitrate 
when  heated  with  platinum  black,  yichls  nitric  acid, 
and    vat«r,    inateiul    of    protoxide  of  nitrogen;    thu» 
0J  =  aN0i  +  8  N  +  20HO.      A  vBriely  of  other  in- 
hanges  may  Iw  eflt-cled.    Aceonling  to  Uiiberciner,  {who 
d  out  the  remarkable  power  which  Hnely  divided  plati- 
090*  of  effecting  eomhinntioiio  of  this  kind,)  a  mixtnrc  of 
hydrogen  by  the  aid  of  a   gentle  hi-at  i»  partially 

■iaat«  ia  hot  oil  ot  titriol  t  tAer  wMch  it  ii  to  bo  (rtml  from 
n  imnHnioD  for  ■  quarMr  of  su  hour  ia  ■  lirgc  hoik  of  diAilWd 
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cottTcrtcd  into  cyanide  of  ammotiiuia  vrbcn  in  coalact  tUb 
spongjr  plntinam.  In  a  inixturu  of  binoxide  of  nitrogen  ud 
oldiant  giui,  cnrbonate  of  ammonia  is  produced ;  and  in  a  miitim 
of  t}ic  vapour  of  alcoliol  und  binoxide  of  nitrogen,  cyimide  of 
ammonium,  curlioiiate  of  ammonia,  olctlant  gas,  water,  sod  • 
dc]io»it  of  rmrbon  arc  formed.  In  like  manner,  sulpliarous  ae>d 
may  be  nititU}*  converted  into  Bulpburic  acid,  if  it  be  driven,  in  a 
moist  state,  mingled  with  air,  through  tubes  containing  *TfOvgj 
platinum :  thi»  iiielbod  was  even  propONetl  as  a  manufaeturiog 
proccs«  for  obtaining  oil  of  vitriol,  bat  it  was  abandoned  in  con- 
sequence nf  a  gradual  alteration  i»  the  platinum,  by  which  it  it 
dcprivcil  of  this  poner  of  ejecting  combination.  Platinum  black 
produces  with  the  vapours  of  alrahni  in  contact  with  atmoe|Jieric 
air,  n  scries  of  compounds  vhich  are  finally  converted  into  aceUc 
acid  (6a) : — 

Alnhul.  AHUcAdd. 

C.H„0,  +  4  0  =  c7l?.  +  a  HO. 

For  the  success  of  these  cspcriniciits,  it  is  necessary  that  tlie 
surface  of  the  platinum  be  chemically  clean,  ollierwiix:  the  aup- 
])Oscd  adhesion  of  the  gases  or  vapours  to  the  metal  docs  not  take 
place.  Faraday  conHiders  that  these  actions  arc  owing  to  the  adhe- 
sion uf  the  gases  to  the  surface  of  the  metal,  by  irhieh  the  particles 
of  one  gaa  are  brought  into  chemical  contact  with  tlioseof  iheotlier. 
He  observed  that  the  admixture  of  small  quantities  of  carbonic  oxide, 
or  of  the  vapour  of  bisulphide  of  carbon,  or  uf  oh-fiant  gas,'''  pre* 
vented  the  platinum  from  cifccting  the  combination  of  the  otygeo 
and  hydrogen,  but  did  not  deprive  the  metal  of  ita  activity,  ■» 
was  ascertained  by  afterwards  plunging  it  into  a  mixture  of  pure 
oxygen  and  hydrogen.  On  tlie  other  hand,  the  iid<litii>n  of  snl- 
phurcttcd  or  of  phospburcttcd  hydivgcn  to  an  explosive  mixture  of 
oxygen  and  hydrogen,  not  only  prevented  the  combination  from 
facing  produced  by  the  platinum,  but  it  cSceted  such  an  alteraliou 
of  the  surface  of  this  inetnl  that  wh(5u  it  was  plunged  into  a  fresh 
portion  of  mixed  oxygen  and  hydrogen,  no  corabiuatioD  of  tl>e  gases 
occurred.  Ilydrocliloric  ncid  nlso  rapidly  destroys  the  peculiar  pio- 
pcrties  of  finely  divided  platinum.  According  to  Diibereiuer,  the 
preventive  action  of  this  gas  depends  upon  the  decom)>osition  of 
the  hydrochloric  add  by  the  oxygen  condeusied  upon  the  platinum : 


*  GrnhsDi  find*  tliRt  in  tlio  case  of  c-srlioBic  oiidf,  a  gndatH  oxidation  ef 

the  carbonic  oxi<l«  tnkc-t  ]iliic<',  but  llint  liiis  artino  it  much  slower  Umh  tlis 

oxidation  of  the  hjdroK'^n  -,  lVi«  oxidnv^  iuAuenoo  is  wbolly  raoiecatralod  on 

the  curiouic  oxido,  aiiduuitlV\i\s%iia'u';\vi.\reVi  o'u&sMi^'^aQSi.-^&'CDiBii&'wnKkBBj 

uoaJtorod  in  the  mixture. 
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water  u  fonnetl,  whilst  chlorine  is  liberated,  nnd  this  cTiIorine, 
by  converting  the  pl&tiuum  supcrlicially  into  protocUIoride,  de« 
strays  ita  power ;  its  uctivity,  liowercr,  can  be  r(»tored  by  treating 
it  with  boiling  oil  of  vitriol.  Hj'drochloric  acid  is  in  this  case 
expelled,  und  a  suiull  quantity  of  protoxide  of  platiutim  is  dissolved ; 
tUe  metal  is  then  to  be  well  wa&Iied  iti  distilled  water. 

{S6o)  Other  rincly  divided  Hub»tunce»  besides  platinum 
posaess  this  properly  of  favouring  the  combination  of  oxvgcn  and 
hydrogen  in  an  inferior  degree ;  even  pounded  glass,  porcelain, 
charcoal,  pumice,  and  roek  crystal,  if  warmed  to  6co°,  produce 
thiit  effect.  Finely  divided  palladium,  rhodium,  and  iridium  also 
determine  the  combiuaiion  of  oxygen  and  hydrogen  with  explo- 
sion at  ordinary  temperatures.  Gold  and  silver  cScct  the  com- 
bination of  hydrogen  with  oiygeii  (juietly,  at  temperatures  far 
below  the  boiling  point  of  mercury  (Dulong  and  Theuiird). 
Metals  which  have  a  strong  affinity  for  oxygen  cannot  lie  used, 
because  tlicy  immediately  become  oxidixcd  upon  their  surface. 

(86 1)  Calalyait. — Tlie  remarkable  actions  produced  by  the 
agency  of  finely  divided  platinum  have  in  the  foregoing  para- 
graphs been  attributed  to  the  force  of  adlicition,  which  is  supposed 
to  bring  the  diffi-rent  gaseous  hodics  within  the  sphere  of  mutual 
action;  but  they  were  viewed  by  Her/elius  as  arising  from  a  new 
force,  which  he  termed  catatysis,  in  nrtuc  of  which,  he  says : — 
'Certain  bodies  exert,  by  their  contact  with  others,  such  an  in- 
fluence upon  these  bodies,  that  chemical  action  is  excited  ;  com- 
ponnda  are  destroyed,  or  new  onca  lure  formed,  although  the 
substance  by  which  these  actions  arc  induced  docs  not  take  the 
slightest  part  in  these  changes.'  This  catalytic  force,  however,  is 
probably  purely  imaginary ;  most  of  the  phenomena  which  have 
hitherto  been  refern-d  to  its  agency  being  occasioned  by  si^vcral 
diflcrcnt  causes,  which  often  admit  of  being  distinguished  from 
each  other,  and  which  mxs,  as  in  the  case  of  the  action  of  platinum, 
be  ex])laiiipd  by  the  active  operation  of  other  known  forces. 

One  elawt  of  these  phenomena  is  that  included  under  the  term 
fermfTiittlitni.  Fermentations  are  peculiar  to  the  products  of  organic 
chemistry;  such  for  instance,  as  the  change  of  solution  of  sugar  into 
aloohd  and  carbonic  acid,  under  the  influence  of  tjeasl ;  tlic  eliHuge 
of  starch  into  sugar  in  the  operation  of  mashing  wort,  or  the  germi- 
nation of  seeds,  owing  to  the  presence  of  a  jicculiar  albuminous 
substance  termed  iliiutase  .-  and  the  graibial  conversion  of  amyg- 
daliD,  the  bitter  principle  in  the  bitter  almond,  into  hydrocyanic 
acid,  oil  of  bitter  almonds,  sugar  and  formic  acid,  when  it  is  dia- 
toJretl  w   nater,  and  mixed  with  irynuptuse^  ot  'Olib  ^v^\s.<y» 
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principle  conUuDcd  in  the  pul|>  oT  the  seed.  Id  ail  tliesc  cuo, 
kowever,  aUbutigh  the  constituents  of  the  rcaat,  the  diastase  or 
the  Kyunpta«c,  do  not  enter  into  the  formation  of  the  new  pro- 
(liiet-s,  yet  they  disappear  during  the  ehangc,  and  during  the  whole 
time  arc  uiulcrgwng  a  tcries  of  specific  altcnitiona,  whidi  stand  ia 
iiitiiiuite  but  uuexplaiued  relation  to  the  metamorphosis  of  the 
sugnr,  tlHj  starch,  or  the  ainygdaliii.  One  of  the  most  remark* 
able  feattirca  of  these  docompoeitions,  is  the  small  proportkia  of 
the  ferment,  or  catalylie  body  us  Bi-r£eliiis  termed  it,  which  it 
required  to  produce  the  change :  for  iusumce,  i  pert  of  )'ea5l, 
calculated  in  its  Ary  slate,  is  suthcieiit  to  eonrert  60  parts  d 
sugar  into  alcohol  and  carbouic  acid  ;  and  a  still  smaller  quantity 
is  required  in  the  case  of  diuslane,  i  part  of  which  is  able  to  effect 
the  traUBfomiation  of  more  than  1000  times  its  weight  of  sUrc^ 
into  sugar.  Tlie  eousidoration  of  tlie»e  remarkubia  melaniorpbaKt 
must  however  be  deferred  until  the  organic  bodies  themaclrcs  ban 
been  described. 

Liebig's  theory  of  catalyda  is,  '  that  a  body  ia  the  act  of  com- 
bimitioii  or  decomponitioii,  enables  another  boily,  witlt  which  it  is 
in  contact,  to  enter  into  the  same  state.  It  is  evident/  says  b^ 
'  that  the  active  stute  of  the  atoms  of  one  body  has  an  iDfluence 
upon  the  atoms  of  a  body  in  contact  with  it,  and  if  these  atoms  be 
caj)»ble  of  the  same  eliange  as  the  former,  they  likewise  tuidecgo 
that  change,  and  combinations  and  decomix)sttion9  are  the  eon» 
queuce.  *  *  *  This  influence  exerted  by  one  com|>ound  open 
the  other,  is  exactly  similar  to  that  which  a  body  iu  the  act  of 
eombiistiun  exercises  upon  a  eombusttblc  body  in  its  vicinity ;  witii 
this  diti'eroncc  only,  that  Uie  cansex  which  determine  the  jtartici- 
patioti  and  <luraliun  of  thc>«  conditions  arc  different.' 

These  explanations  arc  hardly  sufficient  to  account  for  the 
phcuumcna  of  fermentation,  us  the  bodies  which  arc  nndcr^ing 
fermentation  do  not  '  enter  into  tlie  »ain£  state'  as  the  partidcsof 
the  ferment ;  but  they  apply  admirably  to  many  of  the  illu^H 
tions  cited  by  Liebig  in  proof  of  his  tlioory.  Amongst  tl^l 
illustrations  is  an  experiment  by  Sanssurc,  who  obscrrcd  tliat 
moifit  woody  librc,  if  placed  in  contact  with  oxygeo,  gndtwllf 
conrerin  ihe  oxygen  iuto  earbouic  acid.  On  adding  a  certab 
quantity  of  hydrogen  to  a  measured  bulk  of  oxygeii,  which  wu 
undergoing  this  change,  he  ubscn-cd  a  dimintitiou  in  the  voIdimi 
of  the  two  gases  immediately  after  making  the  mixture  ;  a  pofttOB' 
of  oxygen  hod  thus  been  caused  to  enter  into  oombinatioa  with 
the  hydrogen,  and  a  true  gracluiil  combustion  of  the  hydrogoa  had 
been  viTected,  analogous  to  that  produced  by  platinum,  owim  lo 
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its  contact  with  vegetable  matter  which  vas  itself  underling  slow 
oxidation. 

Again,  it  has  beca  obadrred  in  tbe  eaae  of  certaiu  allovs,  that 
the  oompouiit]  is  outb'cly  soluble  in  au  acid  which  raay  be  unable 
to  attack  one  of  the  componeuta  of  tlie  alloy  when  in  a  tieparate 
fonii.  I'latinuro,  for  iuKtiiiicc,  is  not  soluble  in  nitric  acid,  but  if  it 
be  alloyed  with  lo  or  1 2  parta  of  silver,  the  acid  dissolves  it  readily, 
lo  like  manner,  copper  is  insoluble  in  diluted  sulphuric  acid ;  but  an 
alloy  of  Eiuc,  nidiei,  and  copper  ia  readily  dissolved  by  this  Htiuid. 

{S6i)  EJfecli  of  Motion  on  Cliemical  Affinily. — In  many  cases 
motion  farours  the  manifestation  of  cohesion  in  a  remurkable 
manner ;  for  example,  water  may  be  cooled  below  its  freezing  point, 
and  may  retain  its  liquid  form  if  it  he  kept  perfectly  uiotionleaa,  but 
on  the  sligbtcst  agitation  it  assumes  the  form  of  ice.  Again,  if  a 
solution  of  nitrate  of  silver  be  dimply  mixed  with  bydroehloric  acid, 
it  will  long  remain  milky ;  but  if  the  nitrate  be  in  ciccss,  and  the 
mixture  be  briskly  aliaken  'for  about  a  minute,  tlie  whole  of  the 
chloride  of  wlvcr  will  collect  into  dense  flocculi,  which  subside 
rapidly  and  leave  the  liquid  clear.  In  a  somenhat  similar  manner 
motion  farours  the  dcTcloiimcnt  of  chemical  action : — thus  a  mix- 
ture of  tartaric  acid  and  nitrate  of  potash  may  be  made,  and  no  sign 
of  prceipilntiou  will  ap[K!ar  for  many  minutes,  if  the  mixture  after 
simple  agitation  be  left  at  rest :  but  if  it  be  briskly  stirred  witli  a 
glass  rod,  an  abundant  deposition  of  crj'atals  will  speedily  be  pro* 
ducod.  A  similar  effeet  is  often  observed  with  other  crystalliuc 
precipitates :  the  double  chloride  of  platinnm  and  potassium,  or  of 
platinum  and  atnmoniKm,  frequently  does  not  appear  in  dilute 
solutions  until  the  mixture  has  been  briskly  stirred.  If  the  glass 
rod  which  is  used  in  birring  the  mixture  be  drawn  ugainst  the 
side  of  the  vessel  containing  the  liquid,  the  track  of  the  rod  will 
bo  rendered  evi<leiit  by  the  Ibrmutiun  of  erystala,  which  arc  sym- 
metrically deposited  on  each  side  of  this  line.  This  effect  is  par> 
ticularly  manifested  when  a  solution  of  phosphate  of  soda  i«  added 
to  dilute  neutral  solutions  of  magneiiiu  containing  amraooiacal 
suits ;  the  double  phosphate  of  ammonia  and  magnesia  takes  many 
hours  for  its  complete  deposition,  unless  the  liquid  be  briskly  stirred. 

Sometimes  when  the  ehemieal  aOinitics  whieh  hold  a  com- 
pound together  are  feeble,  or  where  the  components  have  a  strong 
tendency  to  assume  the  gaseous  form,  a  blow  will  liC  sulGcient  to 
diitturh  the  equilibrium,  and  an  explosion  will  follow.  In  this 
way  chloride  of  nitrogen,  whieb  is  united  by  feeble  athiiitictt,  and 
is  ooinp<»ed  of  bodies  which  naturally  e^ist  in  the  gaseous  state, 
u  sometimes  decomposed  by  the  mere  fall  of  a  drop  of  the  liquid 
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to  the  hottom  of  a.  jar  of  the  »olntion  ia  wbicb  it  is  betog  fonntd. 
The  ortUnar;  percuH-Hton-caj)  is  another  instance  of  Ute  »ane  klod, 
where  Uie  nitnc^i-n  in  the  fulminic  add  suddenly  resumes  it* 
gMCoos  state  on  the  application  of  a  liloir.  In  the  latter  csv, 
and  in  lliut  of  the  common  lucifer  match,  it  might  be  suppofcd 
that  the  heat  devolved  hy  tlio  iiuddi-n  comprcwtion  attending  the 
blow  or  tlic  friction,  is  the  cauac  of  tlicse  detonations ;  but  tkis 
explanation  certainly  cnnnot  apply  to  the  iodide  of  nitrogen,  which, 
if  dry,  explodes  when  touched  even  with  a  feather.  Fulminatiiig 
silver  k  hImj  decomposed  with  explociou  by  cautes  equally  sligliL 

(863)  Concurring  AffinUUs. — Another  class  of  th««e  so>caUcd 
catalytic  phenomena  is  cxcmplifietl  in  the  effect  of  the  udcnixtiue 
of  oxide  of  copper,  or  oxide  of  mauganciie,  in  aiding  the  decom- 
position  of  chlorate  of  potash.  Chlorate  of  potash  fuitca  at  about 
650°,  and  when  heated  lo  about  700°  it  is  decomposed  with  cffcr- 
Tcsccncc  and  rapid  evolution  of  oxygen :  when  mixed  with  about 
a  fourth  of  its  weight  of  black  oxide  of  copper,  or  of  oxide  of 
niangaDCsc,  the  salt  begins  to  be  decomposed  at  a  temperature  of 
between  4.50°  and  500°  (much  below  its  fitting  (toint) ;  the  gat 
which  is  given  off  in  this  case,  however,  is  always  accompanied  hy 
a  small  quantity  of  chlorine.  Other  oxides  produce  a  similai 
effect,  but  the  temperature  rctiuired  varies  with  each  oxide :  thus, 
I  find  when  the  chlorate  itt  mixed  with  »e»quiuxide  of  inm  it 
requires  a  temperature  of  about  500'  ;  with  oxide  of  lead  a  some- 
whiit  higher  temperature  is  newlcd;  whilst  magnesia  and  oxide 
of  sine  do  not  aid  the  decomposition  of  the  salt  at  all. 

This  remarkable  dccoinpinitioi)  appears  to  admit  of  an  expla- 
nation, suggested  by  Mercer,  in  oluciiUtiou  of  other  somewhat 
analogous  actions.  He  s»p|>oses,  although  the  catalytic  body  » 
not  found  to  liave  experienced  any  perceptible  alteration  after  the 
decomposition  is  coiupicic,  that  it  acts  by  exerting  a  feeble 
chemical  affinity  upon  one  of  the  constituents  of  the  oompooiid. 
In  the  ease  of  oxide  of  manganese  and  chlorate  of  potash,  the 
oxide  of  mangauesc  ia  a  substance  which  has  an  affinity  for  au 
additional  quantity  of  oxygen,  as  is  evinced  by  the  {lOKiibility  of 
forming  manganic  and  permanganic  acids  from  it  l^  further  oxi- 
dation. Thi:*  tendency,  although  it  docs  not  rise  high  enough  in 
the  experiment  liefore  us  to  produce  the  acids,  may  yet  exert 
suQicicut  nttractiou  upon  the  oxygen  to  facilitate  ita  escape. 
Indeed  it  is  nut  iniposaihie  that  traces  of  manganic  acid  may  bo 
actually  formed,  and  then  decomposed;  in  which  cate  the  forma- 
tion of  the  smaU  (\viaiw\.\l^  o^  \iq\w\\,  wxi  \W  Vvbctation  of  the 
chlorine,  which  always  twcQmvwi>.w.  W  (ivji(,TO»-«'avSA\«.-ww»,'MiMj 
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for.  A  somewhat  similar  cxplan&tion  may  be  applied  in  the  c&tc 
of  the  black  oxide  of  cupjier ;  an  unstable  Hcsiiiiioxide  of  this  metal 
appears  to  exist :  black  oxide  of  copper  therefore  Las  a  feeble 
oflmity  for  oxvgeii,  and  tliough  that  attiiiity  is  uot  adequate  to 
retaiit  the  oxygeu  when  separated  from  the  chlorate  of  potash,  it 
may  yet  aid  in  elfcictinj;  it:t  liberation  :  aewjuioxide  of  iron  \a  also 
BOsceptiblc  in  the  fcrrie  acid  of  a  higher  but  unstable  stage  of 
oxidation,  and  the  naiTie  Imlds  good  of  oxide  of  lead  ;  hence  these 
eomiiouuds  facilitate  the  dccom|>oeitioii  of  the  ehloratc.  There  is 
no  proof  of  the  cxi»tcnee  of  a  higher  oxide  either  of  magnesium, 
or  of  zine,  and  accordingly  we  find  that  scarcely  any  effect  is  pro< 
duccd  on  heating  these  oxides  with  the  chlorate.  1  find  al>o  that 
powdered  glass  and  pure  silica  arc  equally  inert,  probably  from  tlic 
same  cause. 

Mercer  observed  that  stareh,  which  is  ordinarily  converted  hy 
nitric  acid  into  oxalic  acid,  is  entirely  transformed  into  carbonic 
acid  if  a  salt  of  manganese  be  present ;  4  CO,  being  formed, 
instead  of  2  JIO.CjO,,  Oxalic  acid,  also,  may  he  in  thi.*  manner 
rapidly  converted  into  carbonic  acid  (PUyfair,  On  Catalysis, 
Proceed.  Chem.  5oc.,  iii,  351),  If  an  ounce  of  oxalic  acid  be 
dissolved  in  10  ounces  of  water,  at  180",  and  i  ounce  of  colourless 
nitric  acid,  »p.  gr.  fjo,  be  added,  no  decomposition  of  the  oxalic 
acid  occurs ;  but  it  immediately  commences  on  adding  a  small 
qnantity  of  a  solution  of  nitrate  of  niangiiiuise,  or  any  other  t>alt 
of  this  metal.  The  protoxide  of  manganese,  from  its  tendency  to 
pass  into  the  state  of  peroxide,  tcnd»  to  deprive  the  free  nitric 
Hcid  of  oxygen,  and  aiila  the  oxalic  acid  to  dccnnqtose  this  acid  ; 
and  the  oxalic  acid  having  a  strniigirr  affinity  for  oxygen  than  the 
protoxide  of  manganese,  immediately  appropriates  the  oxygen ; 
the  united  affinities  of  both  being  able  to  iiocomplish  a  decomposi- 
tion which  could  not  have  l>eeii  effected  by  cither  separately.  An 
analogous  instance  of  the  effect  produced  by  concurring  aBiaitics 
of  a  more  energetic  kind  in  seen  in  the  power  possessed  by  chlorine 
to  decompose  silica  or  alumina  when  tliwc  oxides  arc  mixed  with 
charcoal  (388,  j66),  though  neither  chlorine  nor  charcoal  in  able 
separately  to  produce  tbis  effect  upon  them. 

A  similar  result  is  obtained  when  a  quantity  of  hydratcd  oxide 
of  copper,  or  of  peroxide  of  manganese,  is  thrown  into  a  mixture 
of  bleaching  powder  and  water  ;  on  warming  the  mixture,  oxygen 
is  evolved  abundantly,  and  chloride  of  calcium  is  formed;  the 
oxide  of  copper  or  of  manganese,  by  it.t  atTmity  for  oxygen,  aids 
the  elastic  force  develoix^l  by  beat  in  detaching  the  oxygen 
from   the  chloride  of  lime,  and  tbe   oi^^geo,  V'j    v^a  Ocu.'ujaX'^t 
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e»capei  in  the  gaseoiu  fbrm  without  combiiuDs  with  the  meUl^ 
oiide. 

Gdscous  ammonin  mKy  be  piused  through  heated  poicdnB 
tabes  at  a  veiy  hi^h  temperature,  and  it  will  cipcricnce  aoij  k 
partiii]  (Iccompontion  ;  but  ir  the  tube  be  tillvd  witli  finely  divided 
metallic  RO])])er  or  imii,  the  decomposition  takes  place  with  fadlity 
at  B  loner  temperature.  It  is  not  improbablt:  that  iu  this  cue 
the  metals  net  by  their  affinity  for  nitTOgen,  which  is  feeble,  and 
that  a  nitride  of  copper  or  of  iron  may  be  formed  (44K).  If  iron 
wire  be  employed  instcud  of  finely  divitkd  iron,  it  is  found  to  haw 
become  euperfictally  altered  and  brittle.  Platinum  CkVtmrs  the 
decomposition  of  ammonia  but  NligliUy,  and  gta»  scarcely  in  asy 
appreciable  degree. 

Akolwl,  when  exposed  to  the  air,  ct-apomtea  witlioat  tuider> 
going  any  chentinal  change,  but  if  a  quantity  of  caustic  ]>otas)i  be 
dissolved  in  the  alcohol,  the  alkali  appear*  to  enhance  its  affinity 
for  oxygen ;  in  consequence  of  which  acetic  and  formic  aadt  wv 
produced,  and  combine  with  the  potash. 

The  dccom]iO!>itiai)  of  biitoxidc  of  hydrogen  (39*^  by  contact 
with  many  bodies,  which  appear  to  undergo  no  chemical  alteratioa 
diirittg  the  notion,  may  possibly  be  rcfernxl  to  the  same  cauK. 
^^'llc[l,  for  example,  finely  divided  metallic  gold,  silver,  or  plutiauin, 
or  peroxide  of  mauganeae,  in  placed  in  the  liquid  binoside,  the 
latter  is  decomposed,  the  oxygen  being  attracted  liy  the  metal, 
which,  hov,-i-%cr,  has  not  aiiflicient  poner  to  retain  it  iu  corobina- 
tioo.  A  singular  circumstance,  bowercr,  has  been  observed,  when 
oxiHc  of  gold  or  oxide  of  Hilver  U  xuliKtituted  for  the  metals  them- 
selves ;  decomposition  of  the  binoxide  is  prodnced  by  the  metallk 
oxide,  but  the  oxide  of  gold  or  of  »il*-er  at  tlie  same  time  parts 
wilb  its  oxygen,  and  is  reduced  to  the  metallic  state.  A  similar 
reaction  happens  if  nn  acid  solution  of  bichromate  of  potaah  be 
mixed  with  the  binoxido  of  hydrogen,  the  chromic  acid  losing  half 
its  oxygen  Kimnltaneously  with  the  binoxide  of  hydrogen.* 

*  'Broi'ie  iPAU.  ZVaiu.  iS^,  p.  759)  ha«  iniblished  the  remilla  oTa  1 
orn:iteHn»Dt«.«ha«inA  thai  '"  (Ui'lidvcompowlioua  tli«re  isa  numeriral  nUf  , 
lion  bi-tnrmi  tliv  i)nsotity  of  tho  biuoxide  which  ii  dMompMtd  and  of  tliol 
uetHllio  oxidu  which  is  roduced.  Tli«sc  «x)>eninent«,  hovrcvcr.  wirrtt  chitSy] 
msdv  upou  binoxidc  ofhiiriuni,  a»  bpinjcmiich  in<it«  manat^ble  than  biBosuMl 
of  hydrv^vn.  It  wiu  fouiMi  that  wiirn  ihf  bmnxiilrnru  tiux«d  intb<niUT,u)ill 
plsMd  ia  conlsrt  with  oxidp.or  with  chloriilcofaUrM-.thalbutb  Ihc  inniipomiilj 
of  bshum  and  iliai  of  silvt^r  wm  dciwmpoicd  ;  burta,  or  oLlomle  of  barium, 
h^iag  formed,  nrhibt  metallic  »dia  and  oxjgea  fpu  wi'm  li1.<<'ratod.  A  lu  '  ~ 
nBirorm  quBDtilf  of  perosido  of  barium  nas  employed  b  r^rh  ciprri' 
irhilft  the  nuanlilj  of  oxide,  or  of  chloride  of  silver,  wan  proKTcssiva 
crcsiii'd  ;  it  wns  foimdlhalflioVi'OTownY'""^^ ■"**'""'? '''™^'S  ■»**;■» 
thai  the  propottiou  o£  a  w\^c^  iiiii"w«t'\\4cct>oiY»iW;wtiV«*«iV 
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Other  sub«taiioi»  besides  binoxide  of  hydroj^n  exhibit  a  similar 
Kusceptibilit;  to  dcooniptwition  by  couUic-t  with  ccrUiii  l)0(lie«. 
Tcrsulpbidc  of  hydrogen,  for  example,  is  immediately  decomposed 
by  contitd  with  axid«a  of  raAiigsnesc  mid  silver,  and  like  the  biu- 
oxide  of  hydrogen,  it  is  rendered  more  stable  by  tbe  addition  of 
iicicl»,  while  it»  decompo:<ition  is  facilitated  by  coDtnct  with  al- 
kalies. The  nitrosulphatca  [{54)  discovered  by  Pelouse,  afford 
another  iiutAnoeof  decompositiou  effected  by  n  bo<1y  which  uuder- 
goee  no  apparent  change;  but  tliis  decomposition  is  particularly 
iiutructive,  u»  it  i»  almost  certain  tbut  the  body  which  excites  the 
decomposition  does  suffer  a  real  chemical  change.  Tiius  the 
addition  of  a  cohitiou  of  sulphstc  of  copper  to  a  solution  of  nitro- 
sulphate  of  ammonia  causes  an  imaiediate  eifervescence,  owing  to 
the  escape  of  protoxide  of  nitrogen.  Tbis  decomposition  appears 
to  be  pniduced  thus  : — on  the  addition  of  nulpliate  of  copper,  the 
□itroisulphntc  partially  exchanges  ba«!8  with  it ;  now  so  long  as  the 
tiitn)aul[>lmric  add  is  in  combiiialioti  with  au  alkali,  the  acid  ha.i 
a  certain  stability,  since  the  alkalies  appear  by  their  basic  energy 
to  presdjri-e  the  elements  of  the  acid  in  cquiiiljno ;  but  as  soon 
as  a  salt  with  a  weaker  base  is  added,  such  as  the  sulphate  of 
copper,  a  portion  of  nitrosulphatc  of  copper  is  formed ;  but  tlie 
oxide  of  copjier  being  uo  longer  able  to  maintain  this  balance,  the 
elements  of  the  acid  arrange  themselves  in  a  neir  order:  for 
inatance — 

H^NO^SOpJO,  +  CuOSO^ = H^NO^s.  +  CuO^OgNO,*; 

and  the  nitrosulphate  of  copper  immediately  breaks  op  into  prat- 
oxide  of  nitrogen  and  sulphate  of  copper ;  CuO,SO^NOj  becoming 
CaO,SOj  +  NO,  Consequently  sulphate  of  copper  is  found  in 
the  liquid  at  the  close  of  the  reaction  apparenily  unaltered. 

ratio  to  tliei  amoant  of  peroxide  of  bsrium  whinh  was  deeoinpogcil,  as  tho 
qtmntilyof  oxido  or  of  chloride  of  silver  wan  incn-'osufl.  lu  no  ciuse.  liowever, 
was  the  smoual  of  oxideor  of  pliloride  of  Bilvcr  reduced  ijuitu  (.•(luivaJsat  to 
Uia  proportion  of  oxy^u  eliminuted  from  tliu  [)»ro\idi>  of  banum.  Brodia 
nttT*— '*■  Ibeie  experini^uls  with  an  iugenious  speeulstion.  br  uliioli  be  ead«a- 
nwn  to  Bocount  for  ihe  simultsncoii*  liberation  ofoiygcn  Irom  the  peroxide 
of  hydrocm  or  of  bsriuni  luid  from  tlio  oxida  of  tiller,  and  whirth  hf  npnlics 
to  cEemioal  decompoattionx  fcracrall;  :  hn  oonpo*?*  thnt  tbn  partielri  of  tig 
tamf  fl«mtnt  may,  in  certain  cinrumnlant'Ci.  Imrt-  an  ftffinity  for  each  otlu-r:— 
that  for  cxiunple,  one  equivalent  of  tbe  osy^a  of  tb«  peroxide  of  barium  nuy 
be  |io«itiTf  in  ita  rdatiou  lo  tbe  oxygrn  of  the  oxide  of  silTor,  which  he  »up> 
po*M  maj  be  negative.  In  such  s  cam  ths  two  psrtidea  of  oxygon  would 
antoallj  attract  each  other,  and  decompositioa  of  both  thaocddM  would  bo  the 
remit. 


I 


$  n.  Ikplczncr  op  Hcat  rwH*  Ciiruical  Afmsitt. 

(864)  Thk  forces  ntiich  have  as  j-et  been  conaidered  do  not 
manifest  any  specific  effect  in  altering  the  amount  of  diemieal 
utfiiiity  Ix-twot'H  any  two  bodies ;  but  it  is  quite  otherwise  in  the 
case  uf  beat,  which  cscrln  a  direct  influence  upon  the  dcgm  of 
uthTiity.  fileration  of  temperature  ^aerally  acts  at  once  in  aog- 
nicutin<^  the  tendency  to  combiriation  botncen  the  bodies  vhldi 
are  anitniitteil  to  Hi  influence  : — for  example,  snlphur  or  cbatcoal 
may  be  prcscrrctl  at  ordinary  tcmpcroturc»,  in  air  or  in  osygcn, 
without  change,  for  an  indclinite  )>eriod  ;  hut  if  sulphur  be  heated 
to  joo°,  aud  charcoal  to  n  point  a  little  below  a  red  beat,  oxidation 
conimenceii,  and  proceed*  with  increasing  vigour,  and  the  pheno- 
mena of  combustion  occur.  But  nitliough  a  rise  of  tempcrstuit 
exalte  the  action  of  cbeniical  afliuity,  this  tendency  to  cooihiuatiou 
is,  at  the  Ktme  time,  more  or  luas  countCTBCted,  and  i»  somctima 
completely  overcome,  by  the  tendency  to  mutual  ropuUion  irbicb 
heat  imparts  to  the  molecules  of  all  substances,  butli  simple  and 
com[>ound.  It  not  unfreciuently  happens  tltat  a  moderate  elen- 
tioii  of  temperature  produces  combination,  whilst  a  higher  tem^ 
porature  destroys  the  compound  so  formed.  A  good  instnnoc  of 
this  kind  occurs  in  the  action  of  oxygen  upon  mercury:  at 
ordinary  temperatures  ttii«  metal  nhovs  uo  dUpoxition  to  conbiue 
with  oxygen,  for  it  evaporates  in  air  aud  becomes  condensed  again 
in  the  metallic  form ;  but  at  a  temperature  approaching  703",  or 
n  little  above  (he  boiling  point  of  the  metal,  it  combines  gradoally 
with  oxygen  and  becomes  converted  into  the  red  oxide ;  whilst  at 
a  heat  short  of  redness  it  is  decomposed  into  gaseous  oxygen  and 
vapour  of  mercury.  Again — baryta  at  a  red  heat  absorb;!  a  nvoood 
equivalent  of  oxygen,  forming  peroxide  of  barium,  but  the  second 
equivalent  of  oxygen  is  expelled  by  a  full  white  heat,  and  the 
compound  is  reconverted  into  barylA.  A  mixture  of  oxygen  and 
hydrogen  may  be  preserved  unchanged  at  ordinary  temperatures, 
but  the  introduction  of  a  glass  rod  heated  to  bare  redness  av 
completely  altera  their  mutual  affinity,  tliat  sudden  combtnatioD 
attenitcd  with  exploeiou  is  the  result.  This  appears  to  be  as  pnre 
a  case  of  alteration  of  affinities  as  can  l>c  met  with,  tiince  Imth  tlie 
components  arc  thoroughly  mixed,  and  as  both  are  in  the  gaseoat 
state,  heat  cannot  in  tlit*  case  act  by  diminishing  cohesion,  and 
eo  bringing  their  particles  into  more  intimate  contact.  Grove, 
however,  has  aho%v\\  tWl  '\iv  vV<i  c^ut  n^  \.Vu.  cune  compound  of 
o.vrgcn  and  Uydrogcu  &  au?k4wEv  'wwttwsci  *A  iS&sv*:^  vS«Mk 
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for  nt  All  intense  white  heat  they  are  separable  from  each  other : 
by  the  voltaic  ijinttiou  of  a  platinum  wire  under  water,  or  by  tlio 
intense  heat  of  a  ball  of  melted  platinum  raised  to  whitcuvM  by 
an  alcohol  flame  animated  by  a  current  of  oxygen,  and  then 
plunged  under  water,  the  two  gases  may  be  aeparalcd  from  caeh 
other  and  oolleeted  in  the  gaicous  state  [Pliil.  Trans.,  1847), 

SomctimcA  the  decomposition  effected. by  elevation  of  tcm- 
peratiire  U  only  partial ;  a  new  and  more  stable  compound  being 
formed,  which,  at  a  still  higher  temperature,  is  in  its  tuni  decom- 
posed :  thus  olefiaut  gas  at  a  full  rod  licat  loses  half  its  carbon, 
and  is  converted  into  light  carbm-cttcd  hydroj^en ;  and  tliiti  gtw,  if 
anbjecte<l  to  a  white  heat,  deposits  the  remainder  of  its  carbon 
wfaiUt  pure  hydrogen  is  liberated.  ('hlorate  of  potnnh  at  a 
moderate  heat  ia  decomposed  into  percliloratc,  and  probably 
into  chlorite  of  potash:  the  latter  salt,  however,  is  immediately 
resolved  into  oxygen  and  chloride  of  potassium ;  but  at  a  higher 
temperature  the  pcrchlorate  in  its  turn  parts  with  its  oxygen,  and 
the  more  stable  chloride  of  potassium  is  the  final  result.  Nume- 
rous  other  instances  of  this  kind  will  bo  presented  to  the  reader 
when  the  prodncto  of  organic  chemistry  arc  examined. 

A  furtlier  illustration  of  this  point  is  afforded  by  the  different 
products  which  are  furniDhed  by  the  combustion  of  tJie  same  lx>dy 
•t  diBerent  temperatures.  When  a  jet  of  cyanogen  ia  hunicd  with 
a  free  supply  of  air,  the  only  products  of  the  combustion  are 
carbonic  acid  and  nitrogen ;  but  if  a  coil  of  red-hot  platinum  n-ire 
.be  nupended  in  a  mixture  of  equal  volumes  of  cyanogen  and 
oxygen,  the  nitrogen  undergoes  oxidation  aa  well  as  the  carbon, 
deutoxide  of  nitrogen  being  formeil,  as  is  evidenced  by  the  appear- 
ance of  ruddy  fumes,  owing  to  the  combination  of  the  deutoxide 
with  free  oxygen.  In  a  similar  manner,  ether,  when  burned  freely 
in  air,  produces  carbonic  acid  and  water,  0^11^0+  12  O  becoming 
4  CO. +5  HO;  but  if  a  glowing  coil  of  platiimm  wire  he  suspended 
in  a  mixture  of  the  vapour  of  ether  and  atmospheric  air,  several 
new  jiroiliicts  arc  formed,  among  which  arc  oldchyd  and  acetic 
acid: — 

Itbcr,  AldDlirl. 

[6^,0)^+40=2  {cJlfi^+2  HO i  and 
(C.H,0),-f  80  =  2  (cinpj+3  uo. 

(865)  Su^amtm  0/  Chemical  Action  bij  Dijirtstion  0/  Tein- 
peratiire. — As  chemical  affinity  is  increased,  on  the  one  hand,  h^ 
cicratiou  oyteaijjer.ittuie,  vo,  DU  the  olUci  U%u<\,\x\»  i!C\n\va.\:E>ix^^\i^ 
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reduction  of  temperature.  SdiriHter  has  Bhown  (CArmie,  rol.  & 
|i.  1 39)  that,  by  u  sufficient  degree  of  cotd,  chcmiciLl  oombioatin 
ni«y  be  prevented  cieu  brtween  bodies  vhich  at  the  ontiiuiy 
ti^m[icriituTu  of  the  air  uaitc  willi  each  other  with  great  energy- 
Chlorine,  for  example,  combine*  with  gihottplionis,  or  with  finelr- 
illvitied  metaUic  antimony  or  arsenic,  with  such  violence  tliat  that 
bodies  take  fire  »pouUincoiuly  iu  aii  atwo^pbere  of  tbe  gas ;  bnt  if 
the  chlorine  he  cooled  down  to  — 106",  by  means  of  «  bath  of  solil 
carbonic  acid  and  ctlier  (182),  it  rcmainH  liquid  at  the  ordinary 
pressure  of  tlic  air,and  it  ia  tlien  quite  indiifcrcnt  to  the  pliosphofiM, 
the  antetiie,  or  the  antimony,  provided  tlieae  substances  be  cooled  to 
the  same  temperature  before  they  arc  added  to  the  liquid  chlorine. 
When  the  tube  in  wliich  the  mixture  ia  contained  is  withdran 
from  the  cold  hath,  the  evaporation  of  the  chlorine  occurs  witk 
sufficient  rapidity  to  preserve  the  temperature  below  the  (Mint  of 
combination ;  but  if  tbe  free  escape  of  the  chlorine  l>e  prvventol, 
the  tecDperaturc  rises,  and  eomlunation  occurs  with  exploeire 
violence.  The  mutual  action  of  chlorochroniic  iicid  nnd  alcohol, 
of  clilorine  and  uminouia,  of  iodine  or  of  bromine  and  phosphom^ 
and  various  other  actions  of  a  similar  nature,  may  be  prevented  ia 
the  same  way. 

From  these  experiments,  and  from  those  dctuled  in  the  fore- 
going pHnigrnph,  it  appears  to  be  not  improbable  that  when  two 
bodies  bare  an  affinity  fur  each  other,  there  is  a  certAiu  range  of 
temperature  within  which  thcr  will  enter  into  combination,  bnl 
if  the  temperature  be  raised  or  dcpretsed  beyond  a  certain  limit, 
their  mutual  ufBnity  is  suspended  ;  and  at  high  temperatures  the 
compound  alrendy  formed  may  be  destroyed.  The  tcmperotnt 
most  favourable  for  combination  varies  with  each  pair  of  hodiet^ 
and  it  seems  to  be  probable  that  there  is  for  cadi  a  certain  tem* 
pcrature  at  which  the  ma.ximum  of  affinity  erista,  and  above  or 
below  which  it  decreases. 


5  IIL  Influkkce  of  Electriciti'  ox  Cbbmical  ArriNiTT. 

KLECTBOTVPiNa,  VoLTAlC    PLATINO,  fiCC. 

(866)  Tbe  evsi>k»sion  of  chemical  action  which  occur*  nwl 
the  inf1ucuc«  of  electrical  induction  is  one  of  the  most  inter 
circumstances  which  modem   discorcricA   Iiave  brought   to  \i% 
As  on   instance  of  this  kind,  we  may  cite  the  manner  in  which] 
zinc,  when  placed  m  coTl\ac^  "wSxVi  w^^-fw  hcurath  the  surftce 
8ca  water,  acta  m  ■gtftvc\i\i'W6  'Cte  twtv/ioxi,  "A  "iJofc  ^ra^pj«x,i 
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transfers  to  itself  the  ctiemicnl  cnei^  wliicli  vould  otherwise  be 
tnniiif(.-«tcd  upon  the  copper  (119).  A  similar  stiit|)iMi)iion  of 
chemical  aettoii  is  prociuced  in  the  onliDary  ciwc  of  the  tU-eomposi- 
lion  of  water  bctwoca  two  platinum  electrodes  by  the  voUnic  ciir- 
rent :  here  the  electricity  apjieiirti  to  act  by  wciikening,  or  rather  by 
partly  neutralizing,  ordinary  affinity  in  one  direction,  whilst  it 
atrougtheiia  or  add*  to  it  in  the  opposite,  aTui  hcucc  the  particles 
which  were  previously  in  combination  with  eaoh  other  \oHf.  their 
affinity  one  for  the  other,  and  acquire  it  for  those  particles  which 
arc  next  adjacent  to  them  in  the  liquid ;  thua,  if  the  brackets  above 
the  subjoined  fonnnlte  indicate  the  utatc  of  combination  of  the 
elements  of  hydroehloric  acid  before  the  [lassage  of  the  current,  the 
hrackela  Iteiow  would  indicate  the  effect  produced  after  its  traos- 
mbuiou,  thus: — 


HCl 


HCl 


HCl 


HCl 


K* 


L 


Here  »  c  is  supposed  to  rei)resent  the  baltciy,  and  p'  and  «'  the 
platinode  and  zincode  of  the  arrangement:  the  poailive  electricity 
of  the  zincode  seems  to  detach  the  chlorine  ndjiiccnt  to  it  from  the 
hydrogen  with  which  it  was  previously  in  combination,  whiUt  the 
negative  electricity  of  the  platinode  produces  a  similar  effect  upon 
the  contiguous  particles  of  hydrogen,  and  the  intermediate  portions 
are  polarize<l  in  the  manner  above  represented. 

The  following  modification  of  this  csperimetit  also  shows  in  11 
rtnkitij;  manner  the  remarkable  iufluenec  of  electric  polarity  upon 
chemical  affinity: — If  two  separate  glasses  filled  with  diluted  sul- 
phuric acid  tie  placed  side  by  side,  and  into  one  glass  the  platinode 
of  the  battery  is  plunged,  whilst  the  nincode  dips  into  the  other 
cdl,  no  decomposition  will  ensue ;  but  if  a  connexion  be  established 
between  the  two  gla-Hscs  by  means  of  a  slip  of  platintim  foil,  one 
end  of  which  is  made  to  dip  into  each,  the  current  will  be  imme- 
diateljr  transmitted:  hydrogen  will  he  evolved  upon  the  platinodt^ 
in  one  gla«s,  luid  oxygen  upon  the  ziticodo  in  the  other  glass; 
whilst,  owing  to  the  pohir  condition  into  which  the  connecting  slip 
of  platinum  is  thrown,  hydroj^en  will  be  given  off  from  one 
end  of  the  slip,  and  oxygen  till  be  evolved  upon  the  other  ex- 
tremity of  i^  although  the  metal  itself  experiences  no  sensible 
change  beyond  a  slight  ri>e  of  temperature. 

(867)  KleclroUjaU  of  Salts. — It  has  already  hccu  stated  (a47\ 
that  wbtiu  a  bimry  compouud,  such  aa  atustidAQtviAJiOT  «a.SR^\4.'c^ 

^1 


which  IB  conducted  into  it  by  means  of  sih 
the  chloride  will  undergo  no  alteration ;  f 
faat  as  the  silver  is  deposited  upon  the  neg 
ing  amount  of  silver  nill  he  dissolved 
since  the  latter  wire  combines  with  the 
chlorine  which  is  liberated  at  this  point, 
positive  eilver  vire,  or  zincode,  by  which 
into  the  melted    chloride,    and  — Ag  the 
brackets  in  the  upper  row  of  symbols  n 
combination  before  the  passage  of  the.  ( 
will  show  the  arrangement  after  the  oct 
position : — 


-AglAgClAgClAgCll 

AgAgfciA^ClA^clJ 

Aq  examination  of  the  products  fumi 
decomposition  of  solntions  of  the  oxysalts  i 
which  appear  to  be  at  variance  with  the  a 
ponents  <^  an  electrolyte  are  separated  in 
but  further  investigation  shows  that  they  a 
with  it ;  these  experiments  also  lead  to  ^ 
sions  which  have  an  important  bearing  npc 
general. 
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repKsentoil  in  ftg.  348.     a  au^  c  uo  the  tvn  Ii(Jvca  of  m 

LgljMs  cjliadcr,  whidi  are  titUsl  by  griiKliiij;  upon  a  liolloir 

ft  ijliisM,  c;  the  two  rims  of  ibn  ring  ue  ground  dowo  to 

wi.-il  elmulder,  so  as  to  nllovr  a  tliin  [licce  of  bladder  to  be 

fer  each  end  of  the  ring,  which  thus  coustitutcs  a  kind  of 

At  K  is  a  Biuall  hole  throuj^h  which  the  cavitj  thud  formed 

filliKl  with   liquid;  d  and  k  iir«  tiro  bent  glus  tubes  for 

Ug  off  the  gases  erolved  during  electroljrais ;  g  and  A  are  two 

platinum  elvctrodcs,  which  pass  through  corks  in  the  uodu  of ' 

Under,  and  can  be  connented  willi  the  battery  by  means  of  the 

Fio.  348 


t/f  i.  TIte  apparatus  thus  forms  three  compartments,  which 
filled  with  the  liquid  for  experiment,  and  the  whole  may  be 
Drtcd  in  a  frame  of  wood.  By  tlie  employment  of  this  nppa- 
tt  is  fouud  Utitt  while  a  quantity  of  aeid  aocumulatos  at  the 
an  equiiralent  amount  of  alkali  is  set  free  at  the  platinodc. 
MUne  time,  a  quaittily  of  gat  is  also  emitted  &om  each 
e,  that  from  the  siocode  1>eJug  oxygen,  and  that  from  the 
in,  hydrogen.  Upon  placing  n  voUnmctcr  in  the  course  of 
onit,  it  b  found  that  a  quantity  of  gas  is  emitted  from  the 
tliqnt<l,  exactly  equal  to  that  obtained  from  the  voltameter; 
on  neutralizing  the  acid  and  alkali,  tbey  likewise  are  in 
Jeut  pro|>urtiouK  to  the  gas  which  is  emitted  [Danicll,  Phil. 
P.,  1839  and  1840}.*  SuppOM  tbat  the  gas  oollected  in  ttie 
aettr  amount  to  71  cubic  iiicheA  (or  the  quantity  yicMcd  by 
.  of  water  at  60°  F.,  Bar.=30  inches),  the  united  quantity 

-"rratioB  is  itrictlf  true,  as  T  bsv*  fouixl  by  Domcroai  oarefal 
?ieei{wriuviit(i,  althmi^h. kr  HitfawtlPifffg.  Aniutl.cii.  1)  baa  , 
I  (lie  quantity  of  scid  nod  olkDJi  boMKDcs  toiuidmblo  ia  tfae  i 
ralMl  svid  and  slksli  cncb  irafmnilapnTtMnafllicnirrtiil-i 
bbato  iif  sods,  no  lliat  if  tb?  cij!«Tiia«il  b«  sadidy  pralon]^t  J 
rtli*  Si-iJ  aiMl  base  tct  lre«  u  Ims  than  that  xlucli  ifacorrj 
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is  submitted  to  civctrolysis,  the  ions  or  components  of  Uic  com* 
poum)  ure  HcpuratMl  at  tlie  rc»pcetivc  electrodes  in  equiraJnit 
ptoportioua :  tkc  metal  appearing  at  the  pUtinodc,  whilst  tbe 
chloriuc,  Of  corresponding  element,  un  ilcpooited  xt  llie  tincode: 
If  the  sincodc  of  the  liatter^  be  fonncd  of  *  sutwtancc  capable  cf 
combining  with  the  chlorine  or  corresponding  elcniiMit,  an  eqnin- 
lent  amount  of  the  chtonde  or  other  compound  of  this  UKt&l  wiJ] 
he  fornie<l  there  ;  ainl  when  tkc  metal  of  Ute  uncode  is  the  ane 
as  that  contained  in  the  compound  which  is  undergoing  decompo- 
Hitioii,  the  original  compound  is  reproduced.  TIiiih,  if  n  qiuuiti^ 
of  fused  chloride  of  utver  (AgCI)  he  decomposed  by  a  current 
which  is  conducted  into  it  hy  means  of  «ilver  wires,  the  qnantitr  d 
the  chloride  will  undergo  no  alteration ;  for  in  this  experiment,  ai 
fast  as  the  silver  is  deposited  upon  the  ncgatire  wire,  a  oorrcsponii- 
ing  amount  of  silver  will  be  diiisolved  from  the  posiiiive  wire, 
nhice  the  liitUT  nirc  combines  with  the  equivalent  quantity  of 
chlorine  which  la  liberated  at  this  point.  Let  Ag  +  repre«eiit  the 
[MiMitive  Rilver  wire,  or  zincudc,  by  which  the  current  is  convened 
icito  the  melted  chloride,  and  — Ag  the  negative  wire:  if  Uie 
brnekets  in  the  upper  row  of  symbols  which  follow  indicate  t^ 
combination  before  the  passage  of  the  current,  the  lower  ones 
will  show  the  iinangcmcut  after  the  occtirreiice  of  the  dcoooi- 


position : — 


-Ag|AgCIAgClAgCl|Ag  + 


AgAg (ciTg  C?i^CIA^ 


An  examination  of  the  products  furnished  by  the  electrolytic 
decomposition  of  solutions  of  the  oxyaaJts  in  water,  exhibits  rcsiill4 
which  HpiH'jir  to  be  at  variance  with  the  statement  that  the  aim- 
puncnls  of  an  electrulyte  arc  scpnrnted  in  equivalent  pruportiunt, 
but  further  investigation  shows  that  they  are  strictly  in  aocordanoe 
with  it;  these  experiment-*  aI*o  Icjid  to  very  inlerenttiig  coucln- 
sions  which  have  an  important  bearing  upon  the  theory  of  salts  iu 
gcnersl. 

When  a  solution  of  an  oxysalt  such  as  snlpbatc  of  soda  is  sub- 
mitted to  electrolysis,  a  quantity  of  acid  accumnlulcs  around  the 
pisitive  plate,  and  of  alkaU  around  the  negative  plate;  whilst  at 
the  same  time  both  oxygen  and  hydrogen  nre  set  free.  The  pn>' 
portions  of  each  may  be  determined  by  means  of  b  diaplin^ 
apparatus,  in  which  the  products  of  decomposition  can  bo  kept 
seiMmte  from  each  other,  and  the  gases  which  arc  evolved  can  be 
separately  collected.     Such  ou  apparatus  was  contrived  by  Dauiell, 
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and  is  reprenctitvtl  in  fig.  348.  a  and  c  arc  the  two  linlve*  of  a 
»tout  glata  cylinder,  wbicli  are  fiiled  hy  griiidiiif;  upon  a  hollow 
ring  of  ghu»,  c ;  the  two  rims  of  this  ring  arc  ground  down  to 
■  grooved  shoulder,  so  as  to  nllow  a  thin  piece  nf  bladder  to  be 
tied  over  each  end  of  the  ring,  wluch  thus  coustitutes  a  kind  of 
drum;  at  k  is  a  small  hole  through  which  the  cavity  thus  formed 
can  be  filled  with  liquid;  i>  and  e  nrc  two  bent  glass  tubes  for 
carrying  off  the  gases  evolved  during  electrolysis ;  r/  and  A  are  two 
large  platinum  electrodes,  which  pass  through  corks  in  the  necks  of 
the  eylindcr,  and  can  be  connected  with  the  battery  by  means  of  the 

Fio.  34S. 


wires,  /,  i.  Tlic  apparatus  thus  forms  three  compartments,  which 
may  bo  filled  with  the  liquid  for  experiment,  and  the  whole  may  be 
supported  in  a  fntrac  of  wood.  By  the  employment  of  tliis  appa- 
ratus, it  ia  found  that  while  a  quantity  of  acid  accumulates  at  tlie 
ziocode,  an  equivalent  amount  of  alkali  is  set  free  at  the  platinodc. 
At  the  same  time,  a  quantity  of  gas  is  also  emitted  from  each 
dcctrodc,  that  from  ilio  xincode  being  oxygen,  and  that  from  the 
l^atinode,  hydrogen.  Upon  placing  a  voltameter  in  the  course  of 
the  circuit,  it  is  found  that  a  quantity  of  gas  is  emitted  from  the 
saline  liquid,  exactly  equal  to  that  obtained  from  the  voltameter ; 
ind  upon  nciitndi/.ing  the  acid  and  alkali,  they  likewiiw  are  in 
equiralent  proportions  to  the  gas  whicli  is  emitted  {Daniell,  Phil. 
7>(t«#.,  1859  and  1H40).*  Suppose  that  the  gas  collected  in  the 
Toltameter  amount  to  71  cubic  inches  {or  the  quantity  yielded  by 
9  graius  of  water  at  60°  f.,  Bar.  =30  inches),  tlic  united  quautity 

•  This  obnprvation  it  ttricUy  ivwf,  ««  I  liuv*  fuuod  by  aumprooii  carcfol 
rcpPtitigniioflliiTieciipprimcnu,  uUIioubIi.  auMBjfiniaiPopy.  JoW.cii.  1)  hiM 
pointril  out.  wiicii  tlic  quantily  ofucid  und  alktili  lii'i'Oriii-*  coiuiderubli!  in  the 
two  cL'lla,  tho  Iibcrili'J  acid  aud  H^linli  e«Hi  tisniimit !»  pirlinn  of  tb*  current 
at  well  u  tlie  BulpLattf  of  soda,  so  t.hnl  if  Ihticijicriinpiit  he  unduly  prolonged, 
Oiv  proportion  or  tbe  acid  and  bnxc  trl  itva  u  leu  tlua  that  which  tlicory 
rcuuirv*. 
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of  oxy^eD  and  hydrogeu  from  tlie  solution  of  auljibale  of  soda  wouU 
be  tliv  Mime,- — ^nutl,  in  addition,  one  cquivalmt  in  grains,  or  71 
grains  of  aulpbate  of  Aoila  would  i>e  decorapoied ;  51  gndm  of 
»odn  vrould  be  lil>eriitcd  at  the  |^*tii)odc,  and  40  grains  of  Bulphonc 
acid  at  the  Kincode.  IJpoo  aatistitatiug  a  voltatueter  of  fiwed 
cblondc  of  lead  in  the  circuit  for  one  eoatainiog  dilntcd  Bulphuic 
acid,  and  atill  continuing  to  tranaaiit  tlte  eurretit  through  the 
Molution  of  sulphate  of  soda,  It  was  found  that  for  ever;  equivalent 
of  chloride  of  lead  vhich  was  decomposed,  1  equivalent  of  the 
misul  gaM«  nus  evolved  from  the  uline  solution,  and  at  the  aune 
time  t  equivalent  of  the  sulphate  was  decomposed.  What  is 
obscrred  in  the  case  of  sulphate  of  )K>da  holds  good  also  wHb 
the  oxj'salts  of  the  alkalies  and  earths  generally. 

(868)  Bearing  0/  EkctroiysU  on  the  Bmary  Theory  ^  Sattt.— 
It  IH  a  fundamental  law  of  voltaic  action,  that  the  amount  of 
force  circulating  in  any  circuit  at  the  same  time,  is  equal  in  CTcry 
vertical  section  of  the  circuit,  and  consequently  its  deoompoeiog 
eircrgy  in  each  section  must  also  be  equal ;  j'ct  in  the  ca&c  of  the 
sulphate  of  soda,  there  appears  to  be  iu  the  saline  solution  twice 
tlie  amount  of  decomposition  that  occurs  in  the  adjacent  rait^ 
meter,  tltoiigh  both  are  transmitting  tlie  entire  current  from  the 
Ijnttcry.  A  satisfactory  and  complete  explanation  of  this  anomaly 
in,  however,  efTected  by  the  binary  theory  of  salts  (454)  in  (Ik 
following  manner : — 

Upon  the  binary  theory  of  salts,  the  component  ions  of  aulpbato 
of  soda  are  not  soda  and  sulphuric  acid  (XaO,SO,)  but  M^un 
and  sulphiou  (a  compound  of  4  equivalents  of  oxygen  mid  I  of 
sulphur),  (Na,SOJ,  tlic  compound  being  tutplaonide  of  sodium; 
and  such  it  proves  to  be  under  the  influence  of  electrolysis,  sodiiiin 
being  liberated  at  the  philinodc,  whilst  sulpbion  appears  at  the 
^  Eincode.     Sodium,  however,  cannot  eiisl  in  the  presence  of  walcri 

I  ^  the  metal  immediately  tukcs  oxygen,  and  bccomiw  converted  into 
W  soda  ;  Na+  HO  yielding  XaO+  II  :  the  alkali  ia  di&aolved  in  the 

^^  liquiil,  whilst  thv  liydrogcu  escapes  as  gas.  Snlphion  is  cquallf 
^B  miablc  to  exist  in  the  separate  form  ;  it  oombiues  with  hydrogeo, 
^H  HO  +  SO^  l)econiiiig  O-t-H.SO^,  while  oxygen  escapes,  and  sul- 
^H  phuric  acid  is  formed :  and  as  both  sodium  and  sul^ihion  an 
^H  liheialed  in  equivulcnt  projiortions,  the  quantity  of  water  decoai- 
^H  posed  is  also  equivalent  to  the  quantity  of  salt  electrolyned. 
^H  On  the  furt^uiiig  view,  therefore,  the  evolution  of  oxygen  sod 

^^^  hydrogen  during  the  decomposition  of  saline  solutions  is  a  »ccoudarf 
^^t^  Action.  If  asoWionoi  a*sA\.o\  «.TOOji\.'«\aRV,Ukc  co|j^er  or  lead, 
^^^^,doea  not  dcoomvwae  walLct  *>.  oi^ttarj  'wKa\«iaW«(»,\iR.  w 
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for  one  of  sulphate  of  soda  as  the  electrolyte,  no  hydrofien  sliould  Iw 
evolved,  bm  tlie  metal  itwif  sliuiilii  ninipar  ujioti  the  platinodc; 
whilrt  if  the  other  eonstituent  of  the  salt  be  one  which,  like  chlorine, 
is  unable  to  take  hydrogen  from  water  at  common  temperatures, 
no  oxygen  ithould  be  emitted-  Accordingly,  «i>on  making  the 
experiment  with  a  solution  of  chloride  of  copper  or  of  chloride  of 
letid,  the  »a)t  is  resolved  into  metallic  copper  or  motnllic  lead,  and 
chlorine  gas,  but  no  oxygen  or  hyelri^n,  is  liberated.  These  obeer- 
Tntioiiit  will  explain  the  reason  that  although  water,  when  pure,  is 
scarcely  decomposed  by  the  current  from  lOO  cells  or  upwards, 
yet  it  appears  iustantly  to  become  a  good  electrolyte  on  the  addi- 
tion of  a  few  drops  of  acid,  or  of  solution  of  a  salt  of  an  earth  or 
ail  alkali ;  fur  upon  the  addition  of  the  salt  it  is  this  body  which 
is  decomposed,  and  the  water  is  then  resolved  into  oxygen  and 
hydrogen  by  n  secondary  action  in  the  manner  already  explained. 
Sulphuric  acid  in  solution  is  in  like  manner  resolved  into  liydrogen 
and  ttiilphlon,  H,SO,.  In  neither  ease  is  the  water  directly  electro- 
lysed. 'Fhis  observation  also  (>xplains  a  circumstance  which  much 
peqjiexcd  the  earlier  experimenters  upon  the  chcmicid  action  of  the 
voltaic  pile.  In  all  experimonta  in  which  water  was  decomposed, 
both  acid  and  nlknli  were  invariably  found  to  he  lilieratcd  at  the 
electrodes,  although  distilled  water  was  employed  ;  and  hcocc  it  was 
believed  for  some  time  that  the  voltaic  current  had  some  mya- 
terious  power  of  generating  acid  and  alkaline  matter.  The  true 
aource  of  these  compounds,  however,  was  traced  by  Davy  [P/ti/. 
Tram.,  1807),  who  showed  that  they  proceeded  from  impurities 
contained  cither  in  the  water  employed,  or  in  the  vi^scU  made 
use  of,  or  in  the  atmosphere  itself.  Having  proved  that  ordinary 
distilled  water  always  contains  traces  of  saline  matter,  ho  redis- 
tilled  it  at  a  temperature  liclow  the  boiling  point,  in  order  to  avoid 
all  risk  of  carryiug  over  salts  by  splashing :  he  found  that  when  he 
used  marble  cups  to  contain  the  water  for  decomposition,  the  acid 
was  the  hyilrochloric  and  the  atkiiU  wits  soda,  both  derived  from 
chloride  of  sodium  present  in  the  marble  itself;  when  agate  cup» 
vere  uaed  to  contain  the  water  he  obtained  ftiUca ;  aud  when  he 
vsed  gold  vessels,  be  prm^ured  nitric  acid  and  ammonia,  which  he 
tra4!ed  to  ntmusphcric  air  ;  by  operating  in  vacuo  the  quantity  of 
■cid  and  alkali  was  reduced  to  a  minimum,  but  the  di-com]K>sitiou 
then  wa»  almost  nrrestt-d,  although  he  operated  with  a  battery  of 
jO  pairs  of  4-inch  plates.  Ilenco  it  is  manifest  that  water  itself 
is  not  an  electrolyte,  but  it  is  enabled  to  convey  the  current,  if  it 
contain  only  faint  traces  of  saUnc  matter. 

2'be  foIJoniiig  tahio  will  illua^ate  flvt  TBOiiuttt  vo.  Vw>^  ^i^aas. 
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m^  be  ri— iBeil  m  iclatnm  to  their  mode   of  elcdiie 
ipoHOm;  the  amom  imbcattiig the  elcctro-nqpitive,  Uie  caJAiw 
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Avium  noaodosu-  tslU  arc  the  sobjccts  of  clcctrolysiB,  the  fto- 
portiaa  of  acid  ukd  of  bwe  i»  in  Nnglc  c^uivalcntA  :  tbun,  nitnu 
of  potash  yields  i  equiralcnt  of  potuh  umI  i  of  nitric  acid  for  each 
cqinvBlent  of  fused  chloride  of  ksd  which  is  dccoini>K»»)  in  the 
Toltameter. 

When  a  polyAtuic  tali  is  rabmittcd  to  eleclroty«i%  for  each 
atom  of  fbsed  chloride  of  lead  which  is  clectrolyscc)  id  the  volo- 
meter,  an  atom  of  bft««  appear*  at  the  jJattnode :  for  example, 
when  t  atom  of  the  tribasic  phosphate  of  soda  ie  dccompoaed,  3 
atoma  of  chloride  of  lead  are  n-diicrd  in  the  roUameter  ;  nnd  in  the 
diaphragm  cell  Na^JK)^  vield  3NaO-f-3  II  at  the  platinode,  whilst 
H,PO, -f  3O  arc  liberated  at  the  sincudv.  When  the  pyropboit- 
phalc  of  soda  (Na,,PO.)  is  electrolysed,  z  atoms  of  chloride 
of  lead  are  decomjioseti  in  tlie  Toltameter,  vbiUt  iNaO  +  al! 
make  their  appearance  at  the  platinode  of  the  diaphragm  cell, 
and  H„POf-i-z  O  are  set  free  at  the  ziocode.  When  the  mela- 
pbosphatc  of  soda  (Na,POJ  is  decomposed,  i  atom  of  chloride  of 
lead  is  eleetrolyaed  in  the  roltaux'tfr,  nhiUt  NaO+  H  appean  it 
the  platinode  of  tfac  cbapbragm  cell,  and  11^0,4-0  is  liberated  at 
the  zJDCodc.  In  each  case  the  pboapboric  acid  -  thtu  transferred 
preserves  itd  tribasic,  dibutc,  or  monobasic  character,  according  to 
the  nature  of  the  salt  which  was  electrolysed. 

The  results  of  the  electrolysis  of  the  monobasic  and  pnlybaac 
oxysallH,  it  will  thus  bo  seen,  admit  of  a  simple  cxplanntioii  npoD 
the  binary  theory.  The  rcsuita  of  the  dccompo&ilion  of  the  aubaalls 
•re  not,  however,  so  easily  reconciled  with  this  tiow.  According 
to  E.  Bcc(tucrel,  wlieu  Iwaic  vt)A*  (qc  aubsalta]  are  decomposed, — for 
each  atom  of  c\i\on*ie  ot  \ca&  vo.  <^  xi^\Axa«un,  \  v.^^]!^  ik  -tnL 
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Is  liberated  at  tlie  eiucmle,  wlitlitt  all  tlie  atoms  of  base  wliinh  wort; 
prvvioUBly  in  coinbiuatlon  «it)i  the  single  atom  of  acid  arc  liberated 
at  Uie  platiiiode.  My  onn  experiment*  ujioii  tliU  poiitt  conGriu 
this  view,  aULoii;;li  from  a  numerous  series  of  trials  on  the  sub- 
nitrites,  Hubiiitmtc,  ami  subacetates  of  lead,  I  alwayn  obtained  u 
smaller  quautity  of  oxide  of  lead  and  of  metallic  lead  than  was  re< 
quired  by  theory,  if  Ihis  law  ludd  good ;  jirobubly  thi«  di-ficicuey 
was  due  to  the  secondary  action  of  the  solution  upon  the  liberated 
oxtde.  When,  for  example,  the  triacetate  of  lend  {3  PbO,C,HjOj) 
was  decomposed,  employing  as  the  electrodes  plates  of  lead  instead  of 
pistes  of  platinum,  for  rach  atom  of  acetic  ucid  and  oxygen  trhicli 
appeared  at  the  zincodc,  somewhat  less  than  i  atom  of  metatlie  lead 
and  2  atoms  of  oxide  of  lead  appeari-d  at  the  platinode  :  thus,  the 
salt  appeared  to  have  undergone  decomposition  into  Pb  +  2  PbO 
and  C^HjO,.  It  is  difficult  to  reconcile  the  idea  of  an  ion  con. 
sisting  of  Pb  +  2  PbO*  with  the  binary  theory.  The  most  probable 
expluiiatioD  appears  to  be  thi«:  vix.,  that  the  oxide  of  lotxl  is  at- 
tached to  the  neutral  acetate  in  a  manner  analogous  to  water  of 
cry.itiilliKatiou,  and  thut  the  neutral  acetate  is  tlie  true  electrolyte, 
whilst  the  oxide  is  left  upon  the  electrode  in  the  inaolable  form, 
aa  soon  as  the  acid  which  kept  it  in  solution  is  removed.  A 
similar  explanation  may  be  applied  to  the  case  of  other  soluble 
sttbsalts. 

Faraday's  principle,  '  that  if  the  same  pair  of  elements  unite 
witb  caeli  other  to  form  more  than  one  compound,  it  is  only  the 
oompoimd  which  contains  one  atom  of  each  element  that  admits 
of  electrolysis'  (Part  1.  p.  407),  although  generally  true,  cannot, 
howc?cr,  be  laid  down  as  a  law  of  electric  decomposition.  It  ooca- 
flionally  bappeus  that  two  different  electrolytes  cuntaiuing  the 
same  etcments  exist,  Both  the  chloride  and  the  subchloride  of 
copper,  for  example,  arc  electrolytes.  Wheu  a  current  of  given 
strength  is  transmitted  successively  through,  1,  a  solution  of  sul- 
phate of  copper  ;  2,  a  iKolution  of  chloride  of  copper  ;  anil  3,  fused 
aabchloride  of  copper, — dccompOBitiou  takes  place  simnltaneouHly  in 
each :  but  for  each  atom  of  sulphate  of  copiver  resolved  into  Cu 
and  SO^,  one  of  chloride  of  copjicr  is  decomposed  into  Cu  and  CI. 
and  one  of  wubchloride  of  copper  into  Cu,  ami  01 , — so  that  lor 
each  atom  of  cop[}er  separated  at  the  platinode  in  the  solution  of 

*  E.  Borquerel  ooQBid«ri>d  tlist  be  had  obtained  a  nen*  saboiid*  or  Itiiid  bj 
tli0  al«etrolysis  of  lis  outiRalt*,  but  this  spp^Ars  to  be  an  prror.  Il  is  s  mere 
'.  Biutws  of  mttsllic  Iriul  nitli  oxido  of  Icbii,  for  the  tolutioD  o(  npiiiral  acetate 
oriftsd  qiiirkty  diMoIroi  tlic  oxide  and  Icnres  the  metaJlle  !«stl ;  rucI  the  pro- 
portion of  uiide  to  the  metallic  lead  varies  ■ccori^n^Ui^kbiuUL'u^'A'Oiwv^ 
operauil  upva. 
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I  tlie  HQlphate  and  the  chlorkte,  2  atoms  of  copper  ue  liberated  (nm 

^^        tliv  Bui>cliIorid<!. 

^B  If  sulphate  of  copper  be  used  as  the  measure  of  the  voltaic  MtioD, 

^^  IJuff  (Liebiff'f  AnHal.,cTi..  257)  con»i<le«  wheu  fused  molybdicaoi 
ia  electrolysed,  that  for  each  atom  of  sulphate  of  copper  reaolral 
iutoCnand  SO^,  1  ntoinofmolybdiv«cid(Mo<)J  funuBhca  1  atonaflf 
oxygen  and  1  of  MoOj,  aud  iu  like  maaoer  1  atom  of  fu^cd  Tiuiadie 
acid  (VOJ  furuUhcs  1  of  ojiygt-u  and  1  of  VO..  Kused  bicbrooute 
of  potash  (KO,2  CrU^]  is  also  au  electrolyte,  and  it  is  dt^compoadl 
partially  into  K  and  CrO,  aud  partially  into  Cr,Oj  and  O,. 

The  aaiuo  currcut  which  liberates  3  atoms  of  metallic  cupper  from 
3  of  sulphate  of  cu]>per,nill  resolve  one  atom  of  chloride  of  aluminum, 
(Aljdj),  into  Alj  and  CI,,  3  of  subchloridc  of  copper,  3  (CUfCl), 
into  Cu,  and  CI,,  aud  2  of  chromic  acid,  3  (CrO,),  into  Cr,0,  and  (\. 
(869)  Uw^ual  Iratufer  of  torn  dttring  Eieclrolys'u.—K  cuiiow 
(nreumstaucc  in  relation  to  the  proportion  in  niiich  tbeioiiaof 
the  electrolyte  travel  towards  tbe  respective  electrodes,  waa  re- 
marked in  the  course  of  these  inve»tigat»ona  on  the  decompoAition 
of  saline  aoluttons.  It  was  perliajn  natural  to  expect  tliat,  if  a 
solution  underwent  electrolytic  dceomponitiou  for  each  equivalent 
of  the  compound  decomposed,  its  component  ions  should  be 
traiu/vrrtU  to  euch  eleettudc  in  the  exact  prO]>ortioii  of  half  an 
equivalent  of  each,  although  a  whule  equivalent  was  liberated  in  tiw 
inaiiner  shown  at  No.  i,  iu  the  scheme  which  follows : — 
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Cu  Cu 

so.so. 
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Cu  Cu 

so.so, 

u  Cu    + 
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Cu  Cu 
SO^SO, 
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In  thiH»(rheinc  it  iit  supposed  that  sulphateof  copper  ta  the  eke- 
trolyte,  each  particle  of  eop[)er  reprcaetited  by  the  symbol  Cubcius 
ill  combination  with  the  particle  of  sulphion  represented  by  SO,  im 
medintely  beneath  it.  Let  ,*  a  indicate  Ihe  position  of  a  diaphragn 
of  blailder  tie[>aruting  two  equal  quantities  of  the  solution  which  in 
No.  1  are  KUp|X)scd  to  lie  in  their  normal  dtatc.  Let  No.  2repre> 
scut  the  namif  solution  after  it  has  undergone  electrolyais ;  an  t^va- 
valcut  of  copper  having  been  set  free  at  the  platioodc,  and  one  of 
Bulphion  at  the  x\neoie.     \X\^»A\lo\^tt^^^■»^\l\•l\^Jat^.■I;fSRlt,  tliat 

mult  would  \la^e\«ento^*^uw^^i'i<v«\.vax»'»«tl^.^Mi&,■WlSK^ 
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of  copper  into  tlic  <livUioii  containing  tlic  platinwle,  whilst  half  an 
equivalent  of  sulpliiou  passed  towards  the  niiicodc,  in  the  manner  re- 
preBeDtcd,  Expcrimvnt,  liowevor,  hIiuwk  Unit  »nch  a  Muppcmitioti  is 
erroneous,  and  that  the  decomposition  more  commonly  happens  in 
th«  mode  rcpiTBcntcd  iu  No.  3,  in  wtiidi  ca»K  :i  whole  equivalent 
of  the  anion  ia  transferred  to  the  zincode,  leaving  a  whole  equi- 
valvnt  of  cathion  tuicombincil,  nt  thcplatinoile.  Sometimes  when 
the  oxide  of  a  metal  is  soluble  in  water,  tJie  transfer  of  a  small 
qunntitj  of  the  cathion  takes  place  totvnrds  the  platinodc,  but  the 
quantity  of  tlie  cathion  and  tlic  anion  sel  free  are  always  in 
cquivalcut  proporttuiis  to  each  other  (Diintetl  nud.  Miller,  Phil. 
Traiit.,  1844,  p.  16].  Adds,  whether  they  be  aolnble  iu  water 
or  not,  alway«  travel  towards  the  zincode  in  proportions  larger 
than  the  metuU  which  are  united  with  them  paaa  towanU  the 
plutinode. 

D'Atmcida  (Ann.  de  Chimie,  III.  li.  357)  attributes  these  re- 
markable irregularities,  which  occasion  much  inconvenience  in 
electro* plating,  to  the  development  of  free  acid  arnuncl  the  zincode. 
He  considers  that  the  acid,  owing  to  its  superior  conducting  power, 
conveys  a  large  projiortion  of  the  current,  and  that  thi*  metal  ia 
then  reduced  upon  the  platinode  by  the  hydrogen,  at  the  moment 
of  its  liberation.  He  finds  that  whi-ii  the  solutioua  are  strictly 
neutral  the  inequality  of  transfer  is  scarcely  perceived.  Strictly 
ueulral  solutiotks  of  copper  and  xine,  when  decomposed  between 
electrodes  of  copper  or  zinc  respectively,  become  acid  during  the 
operation,  because  the  metal  at  the  zincode  m  not  dissolved  quite  so 
rapidly  as  it  is  separated  at  the  platinodc,  and  consequently  a  little 
free  acid  accuninhitvs  around  the  zincode,  and  occasions  the 
irregularity  in  transfer  of  the  ions  which  we  are  now  considering. 
When  a  current  traverses  a  aaline  solution  kept  constantly  acid 
in  the  zincode  celt,  whilst  the  platinodc  is  maintained  constantly 
neutral,  the  salt  i*  transferred  unequally,  the  xineode  becoming 
least  impoverished;  but  if  tbesolutiou  be  kept  neutral  around  the 
zincode  whilst  it  is  maintained  alkaline  around  the  platiuode,  the 
result  i»  reversed,  and  the  impoverishment  of  the  platinodc  is  the 
least  mai'kcd. 

The  explunutiou  of  D'Almeida  ia  confirmed  by  the  subsequent 
researches  of  Magnus.  Hittorf  (Po^y.  Anna!.,  hxxix.  177,  and 
xcviii.  1)  give*  ii  diffprent,  and,  as  it  appears  to  me,  an  improbable 
wad  complicated  theory  for  the  explanation  of  ihene  results ;  but  liis 
eipcrin>cnts  appear  to  be  consistent  with  those  already  quoted. 

{S70)  Eleclrovecdon,  or  Ehctricai  Endntmfise, — It  wa»  obsetscA 
man^'/eurt  ago  by  I'orrett,  when  water  11a*  "eWcei  to  -b.  fe.'w^^'esi. 
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nppanitiix,  one  m\v  of  wtiicli  was  contireted  with  the  posilive,  at 
the  other  side  with  the  iiegstive  eWtrode  of  the  battCTj,  tliili 
eomidernhle  portion  of  the  liquid  was  trnuxfvrrcd  from  tlie  foaUtt 
towards  tlic  negative  aide  of  the  arrangement.  Tt  has  sinoe  facn 
fonnd  tlint  tlio  ^amc  result  occurs  in  a  minor  degree  wticn  alini 
solutions  are  electrolysed,  and  generallj'  the  greater  the  rcsistiiioi 
which  the  liquid  offers  to  ck'ctroljsis  the  greater  is  the  amouat 
which  i»  thus  mechaQically  carried  over.  From  numerous  expoi- 
mcntx  I  have  found  that  in  all  these  avfet  tite  water  auriet  wtA 
it  a  proportion  of  the  salt  which  it  holds  iu  solution.  It  apprsn 
from  the  researchcR  of  Wiedemann  (Poffffend'jrff,  AtmaL,  lixxtii. 
321),  that  the  amount  of  liquid  tranifcrred,  eeeleria  paribta,  i 
proportioned  to  the  strength  or  Jutcnnty  of  tlte  current ;  thai  it  i 
independent  of  the  nature  and  thickness  of  the  diapbragm  \ij 
which  the  two  portions  of  liquid  are  scpanited ;  anil  tliat  wbea 
different  solutions  are  employed,  the  amount  transferred  in  esdl 
case,  br  currents  of  equal  intently,  is  directly  proportional  to  tie 
Specific  resistance  of  the  liquid. 

Vilicn  more  than  one  salt  is  prevent  in  a  solntion,  the  currratj 
when  below  a  certain  strength,  deeomposes  only  one  of  them,  tbi 
best  conductor  being  dceomposed  when  the  current  i»  ft-cble ;  M 
when  the  intensity  of  tbe  current  passes  a  certain  limit,  »  portioa 
of  the  inferior  conductor  experiences  docompottilion.  Tliis  liini* 
to  the  intensity  of  the  current,  according  to  Magnus  {Poggem 
jinn,  cii-  toe.  cil.),  varies  with  the  size  of  the  elcctrudcM,  and  Witt 
the  distance  between  them,  as  well  as  with  tlie  proportion  in  which 
the  difTi-rcnt  electrolytes  are  mixed.* 

(87 1 )  Secondary  Itemlta  of  EUctroJj/au. — The  explsuitioc 
already  giTcn  of  the  mode  in  which  the  oxymlts  nre  clcctrolncd 
was  happily  applied  by  Daniell  to  the  elucidation  of  the  oiipi 
of  the  voltaic  power,  in  a  combination  contrivetl  by  Becqnen 
(230),  which  presents  many  interesting  peculiarities.  If  a  pons 
tulie  filled  with  nitric  aeid  he  plunged  into  a  vewtcl  contai 
solution  of  potash,  and  the  wires  of  a  galvanometer,  annw 
platitium  plates,  be  plunged  one  into  the  nitric  acid,  and  the  otln 
into  the  alkaline  solution, a  current  will  circulate;  oxygen  will 
emitle^l  from  the  plate  immersed  in  the  potash,  and  nitrooa  acii 
owing  to  tbe  absorption  of  hydrogen  by  the  nitric  acid,  will 


*  Th«  re«ulta  obtained  by  Ma^us  upon  tli«  drcompofition  of  iodte  m 
bidiloride  of  lin,  sad  tmntt  oihpr  liodin,  annMr  to  bo  oolv  »*vondnry  acl'~ 
not  produced  b j  the  dirt^l  cUcVraU  m,  o(  tb«ta  compoinid*,  and  oousequ 
they  do  not  admit  oMwint  ^TOVve^  Ma 'C<iBi.*>M3*iVi««jr^.  "^w^-   ■    ' 
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formed  around  the  other  plate,  whilst  nitrate  of  poU.«lt  i»  slowtjr 
proihicfJ  by  transtidntioa  of  the  two  luiuids  throagh  the  pores  of 
the  diaphragm.  By  connecting  several  of  these  cell*  together  in 
snoccniou,  upon  tlic  principle  of  the  orilinary  hattery,  the  power 
may  be  considerably  augmented.  The  decomposition  which  ap|>ear8 
to  occur  is  represented  by  the  following  symbols,  in  which  H,NOg 
indicates  the  nitric  acidj  and  KO  the  potash  :  the  ponition  of  the 
brackets  above  the  synilwls  iiiilicutcs  tlie  arrangement  before  the 
current  is  established,  whilst,  after  its  passage,  the  arrangement  ia 
SupiKMcd  to  be  tliat  indicated  by  the  brackets  beneath : — 


I 


r  It  la  particularly  to  be  observed  that  no  development  of  oxygen 
or  of  hydrogeii  oecuni  intoa  the  platinum  plates  until  the  two 
plates  arc  united  hy  a  conducting  wire,  and  it  ceases  as  hoou  aa 
the  conducting  eommuuicution  between  the  plates  is  iiktomipted  : 
in  the  latter  case  the  polar  arrangement  of  the  particloa  is  inter- 
fered with,  although  the  process  of  combination  between  the  potash 
and  the  nitric  acid  continues.  The  secondary  action  of  the  nitric 
acid  on  the  hydrogen  which  is  set  free  is  necessary  to  tho  develop- 
ment of  the  current.  If  sulphuric  acid  be  substituted  for  the  nitric, 
the  hydrogeti  is  not  ahsorhei),  and  no  current  is  obtained, 
pn)bubly  because  it  is  ncutraliHrd  hy  the  comititr  current  which 
the  accumulation  of  the  hydrogeu  upon  the  platinum  plate  tends 
to  produce  [2$i)- 

The  seeomtary  actions  of  the  voltaic  current  arc  often  of  great 
importance;  they  require  to  be  carefully  distingiiisbcd  from  its 
primary  eOi^Ut.  Secondary  results  are,  in  some  instances,  pro- 
duced Ijy  tlic  action  of  the  liberated  components  of  the  electrolyte 
upon  the  niaU^inU  employed  as  electrodes:  thus,  if  a  slip  of 
copper  he  substituted  for  one  of  |)lBtinum,  as  the  zincode  of  the 
battery,  and  Iw  immersed  in  diluted  sulphuric  acid,  sulphate  of 
copper  will  be  formed  by  the  combination  of  the  copper  with  the 
disengaged  Kulphiun.  At  other  times,  the  secondary  results  are 
manife>-tcd  by  tlic  reaction  of  the  ion  upon  the  liquid  in  which 
the  electrolyte  is  dissolved,  as  when  the  potassium  or  sodium,  net 
free  at  the  platinode  in  an  aqueous  sohition  of  iti  ^alts,  liberates 
hydrogen  by  removing  oxygen  from  the  water.  In  the  ea»e» 
just  citctl,  the  affinities  of  the  disengaged  ions  are  very  intense, 
the  seeondnry  action  i»  exactly  proportioned  to  the  primary, 
that  it  may  be  employed  as  a  measure  of  the  current :  hut 
wbcu  the  teudeitcj-  to  coubiuatioa  U  uoie  Sea\i«,  ilwa  ■^wi'^tCwKv 


■v-j. 
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and  bexuty.    Salts  of  [aanga.neae  or  of  bismutli  may 

iil«d  for  tboctc  of  [lad,  witli  similar  rctults. 

of  tliesc  seooDflwy  actions  are  very  intercstiog :  Kolbe 

particuljur  attention  to  the  cfli:ct»  of  oxygen  when 

itunDg  olcctrolysJB  (Proceed.  Chem.  Soc.,  iii.  385,  and 

im.  Soc,  ii.   157).     Hydrochloric  acid,  espo«ially  when 

with  tulfiliuric  acid,  is  in  this  manner  partially 

id  the  zinoodc  into  chloric  and  pcrdiloric  aculs ; 

tBctd  solution  of  chloride  of  (lotassiam,  diloratc  and  pcr- 
pot»b  art!  forracd.     Cyanide  of  potii»d»m  in  nolulion, 
ted  to  the  voltaic  current,  is  in  like  manner  converted 
emanate.     A  ooiiocntrated  Kolution  of  chloride  of  ninmo- 
ves  hydrogen  at  the  platinode,  but  the  chlorine,  instead 
liberated  at  the  »»code,  acts  upon  the  chloride  of  ammo- 
forms  oily  drops  of  chloride  of  nitrogen,  which  explode 
bed  by  the  opposite  cluetrod«.      Smcc  ha«  ehown  that  by 
the  Toltaic  carrcnt  the  yellow  prusuate  may  be  converted 
wd  pnusiatc  of  |)ota>h.      Kolbc  ha«,  further,  wtceruined 
of  the  libentcd  oxvgen  upon  various  organic  compouudK, 
ubmitting  ralerate  of  potash  to  electrolysis  he  decumpowd 
acid  (UO,C,^H,Oj)  wliicb  it  contains,  and  Burcccdcd  ia 
from  it  «  ucw  substance,  t'«/y/  (C^HJ,,  (or  moi-c  properly 
oe<v  ether,  (C^IijO),,  letrylic  ether,  aud  a  hydro-carbou 
ipparently  idcnticnl  with  oil  gas  (405) :   and  by  n  similar 
rom  ncctie  acid  (HO,CjH,Oj)  he  obtained  methyl  (C,Hj)y 
llogue  of  tetry],     Particulnr  interest  i«  altacbod  to  tbew 
»,  owiitj;  to  the  circumstance  that  in  each  case  the  com- 
btaiiietl  by  the  electrolysis  Iwloug  to  a  »erie«  n-lntcd  to  an 
liOercut  from  tliat  which  was  submitted  to  decom position, 
tic  acid  tlius  yields  an  ether  of  the  tetrylic  series ;  and 
id,  which   is  a  deriratiie  of  wiuc  alcohol,  furnishes  the 
on  which  l>eIong!t  to  the  wood  spirit  sciies. 
Nascent  ttale  0/  Bodiea. — It  is  obrious,  from  the  power- 
which  oxygen  prudiiees  at  the  moment  of  its  litieniLiuu 
pounds   during   electrolytic   decomposition,    that    snch 
uat  l>o  in  a  condition  Tcry  different  from  that  in  which 
when  once  it  has  assumed  the  gaseous  form.     Oxygen  is 
ble  ill  wntvr,  and  it  is  therefore  jKMaibh;  to  bring  it  in 
uilitics  at  a  time  into  cbemicol  contact  with  salts  or  other 
tiich   water  may  hold  in   aolntion.     Oxygen  ga«  may, 
be  transmitted  for  un  unlimited  time  through  a  solutiuu 
idc  of  potassium  without  i;flecting  the  conversion  of  any 
if  ibe  chloride  into  chlorate,  or  into  pcrdiloratc  of  potaab ; 
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I  knd  yet,  u  hu  been  mentionei}  in  tbe  fbrqoiBg 

t  change  ii  euilf  effected)  hj  oxygen  ss  it  escapes  dnrng  tbc 

^H  trol^i*  of  an  sddulated  nolutinn  of  tbe  ehlnrwie  oT 
^^  Bat  H  is  DOt  neccmar;  that  oxygen  shoold  be  Iibetatol 
tfencj  of  the  voltaic  battery  in  order  that  it  •boold 
incrtTOM:  of  actirity.  If  faydrated  protoxide  of  nickel,  or 
of  cobalt,  be  anapended  in  a  •tolution  of  potash,  it  irill 
change  when  nubjectcd  to  a  current  of  oxygen  gas ;  bat  if 
rent  of  ctilorine  be  sabatitnted  for  the  oxy^n,  tbc  whole  of 
metallic  oxide  will  be  contertcd  into  a  brown  seaqoioxide : 
ciiange  arisca  from  tbe  action  of  the  cldorine  upon  tbc 
during  which,  chloride  of  potamum  i«  formed,  vhilot 
act  free,  and,  at  tbe  moment  of  its  Uberatioa,  attaches 
tfaeoxidcof  nickel  orof cobalt;  K0,H0  +  Cl-t-3  (>'iO,IIO)  =  Ka+ 
NifOj,  3  HO.  Other  aubstancea  besides  oxygen  exhibit  this 
Itarity,  and  chemist*  have  long  rco^uiacd  the  &ct,  that  bo£ei, 
wlien  in  this  nateeitt  ttate,  that  is  to  say,  when  in  the  act  (^libe- 
ration from  other  ttuhntanccs,  display  more  energetic  affinities  tluil 
they  thow  nliett  oqcc  obtained  iu  the  isolated  form : — For  frtamph*, 
cyanogen  and  chlorine  do  not  enter  directly  into  combination;  bat 
if  cyanogen  at  the  instant  that  it  i^  set  free  from  another  com- 
pound, be  presented  to  clilurine,  the  two  bodies  t'ombine  ;  thua,  if 
mtMttt  cyanide  of  mercury  be  deoompoeed  by  means  of  cblorine, 
chlonde  of  cyanogen  muy  \k  obtained  :  the  chloriuc  rcmoTts  ths 
mcrcur}'  step  by  step,  and  the  cyanogen,  at  the  moment  of  in 
liberation,  enters  into  combination  with  another  portion  of  chlorine: 
In  a  tiiniiiar  inauner,  sulphur,  whco  set  firee  from  an  nlkalioe  per- 
Butphidc  in  the  miiUt  of  a  solution  of  hydrochloric  acid,  comUnea 
with  hydrogen,  anil  forma  persnlpbide  of  hydrogen,  ES,  +  HCIb 
KCI  +  llS^,  the  chlorine  taking  the  potassium,  whilst  the  Galpbnr 
and  the  hydmgca,  both  in  the  uasceut  state,  uuite  to  form  a  new 
compotnid,  tilthongb  their  afBnity  is  so  slight  that  this  compotuid 
)«cj)ftratcs  Hpoutaiieoui>ly  into  sulphuretted  liydrc^o  nod  &ee  <ul- 
phur.  Tbc  process  of  double  decomposition  is  particularly  appli* 
cable  in  cnaea  wliere  the  mutual  affinity  of  the  bodies  which  Et 
is  desired  to  obtain  in  combination  is  comparatively  feeble.  It  is 
not  im[>ossiblc  that  this  Kupcrior  chemical  activity  of  bodiea  in  Hat 
nascent  state  may  nri^c  from  the  fact  that  their  partielett  arc  tndi- 
vidually  electrified  at  tlie  moment  of  their  separation  from  a  prt- 
vious  statu  of  combination  ;  and  that  in  this  condition  they  may 
exert  npijii  itie  particlct  of  di»!timtliLr  contiguous  matter,  a  forvcof 
induetiou  wh\cli  ma^  \>c  tVc  «.^tn,V  X'aA  AstKirauncs  their  chcmictl 
combiuation:  i(  \>s  agtoc'ywtt^  doubVe  \i»asm>sw:wiitt'i^ 
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of  both  compounds  were  oppovitclj  eluctrilic<l,  coinbinDtiun  might 
be  expected  to  be  pro)>ort)ouatcly  facilitated : — For  instanoe,  if  a 
solutioa  of  sulphide  ut  patuKsiiim  and  uuc  of  cliloriilc  uf  cop- 
per be  mixed,  they  will  decompose  each  otiier,  the  aulpbur  being 
nc^Rtivc,  will  tend  to  combine  with  tbu  positive  copper,  and  the 
positive  potassium  will  unite  with  the  n^ative  chlorine.  If  the 
bracket!)  in  No.  i  represent  the  mode  in  which  the  molecules  arc 
arranged  on  the  inatant  of  mixture  previous  to  decomposition, 
those  in  No.  i  will  illu-striite  the  iLrriLiigcmcnt  of  the  molecules 
after  mutual  decoaipo^itiou  has  been  effected  ; — 


, ,  K  s  Cu  CI .  fK  s  cu  cn  ,  . 

t^J  CI  Cu  s  K  ^"''^  [a  Cu  s  k|  t^J 


(873)  Theory  of  1/k  Electrical  Origin  of  Chemical  AffinUj/.—lt 
has  alreiiiiy  been  remarked  (J14,  215)  that  wheuGver  two  dissimilar 
tiuhHtaiieea,  electrically  insulated,  are  brought  into  contact,  aud 
are  separated  from  each  other,  disturbance  of  their  dcctricul  equi- 
liln-ium  is  produced  ;  one  of  the  bodies  becoming  negatively  elec- 
trified whilst  tlic  otlier  iudicatest  a  corresponding  charge  of  positive 
electricity.  It  is  a  well  ascertained  fact,  that  certain  9ubEitauce«, 
by  friction,  acquire  one  kind  of  electricity  more  rciidily  than  the 
other  i  thus,  for  example,  sulphur,  when  rubbed  upon  flannel  or 
fur,  becomes  negatively  electric,  whilst  glaas,  on  tlie  other  hand, 
most  readily  assumes  the  positive  state.  What  lias  been  proved 
to  occur  when  niiisses  of  matter  are  brought  into  contact  was  sup- 
|)o»ed  hy  Davy  [Phil.  Trans.,  1807),  to  happen  also  when  the 
molecules  of  two  dissimilar  substances  are  brought  within  the 
■phere  of  mutual  activity  ;  ho  assumed  '  that,  chemical  and  elec- 
trical attraction!*  deiicnil  ugion  the  same  cause,  acting  in  one  case 
OQ  particles,  in  the  other  on  masses  of  matter"  [Phil.  Traits. ,  i8i6, 
p.  389);  and  all  the  phenomena  of  chemical  alllnity  have  been 
referred  to  the  exertion  of  mutual  electrical  attraction  between  the 
atoms  of  each  subi'tauce  in  the  compound.  When,  for  example, 
chlorine  and  potas&ium  arc  united,  it  is  supposed  that  each  atom 
of  chlorine,  by  contact  with  an  ntum  of  potuasium,  becomes  nega- 
tively electrified,  whilst  the  potassium  becomes  positively  excited; 
a  certain  portion  of  the  positive  electricity  from  the  chlorine  uniting 
with  a  corrmponding  amount  of  negative  electricity  which  i«  libe- 
rated from  the  putawinm,  thus  producing  tbc  light  and  facat  which 
attrntlsr  tite  oombination  of  these  two  \>oi\fi»  l^'nK\\M.'i\.    'fexi-^- 
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pottDg  each  Ktom  of  both  kinds  of  matter  to  be  Maociated  vitk 
eqaal  qnantitiat  oT  both  electricities,  tatd  that  the  two  diffbrent  doc- 
tncitirs  be  iT[irc^Dtcd  hr  the  aigaa  +  and  — ,  we  may  repreMBt 
the  iiotauium  ami  chlonue  bj  Bjrmbol* ;  (•  K  +)  indiaUiiig  m 
atom  of  potaasium,  and  (— Q  +  )  an  atom  of  chlorine.  Aasoon 
aa  the  two  bodiai  are  iimught  into  contact,  it  i*  supposed  that 
the  chlorine  loses  a  certain  amoont  of  pontire  ekctriciCT,  wlabt 
tlic  polatwium  low*  an  equal  quantity  of  nf^tive  clcctrici^,  the 
change  being  symlwlizcd  thu«  f +  KC1  — )  and  (+  — ),  When  tlie 
chloride  of  putnnium  is  (U-comjioiied  electrolytically,  a  qoantityof 
positive  dectriinty  ia  tnusferrcd  from  the  poattre  wire  of  the  bat- 
I«r7  to  the  chlonitc,  mid  compeiiHatCM  for  that  which  it  has  lo»t ; 
and  when  this  amount  of  eloetricity  has  been  n:suired,  the  clilonne 
00  longer  has  any  tendency  to  remain  in  combination  with  the 
potaMiura,  and  benco  it  is  set  froc  upon  the  positive  plate,  wbilit 
a  aimultnacaiis  truiififcr  of  nc^live  electricity  to  the  potaMisn 
occurs  from  t!»e  negative  plate,  and  the  alkaline  metal  is  thercfen; 
libcratctl  upon  the  negative  ude  of  the  amagcnient.  The  elec- 
tricity which  ia  set  free  by  the  battery  i<  supplied  by  the  action 
of  the  sulphion  upon  the  sine,  in  the  cell*  of  which  tbe  battery 
coiuiats. 

The  remarkable  law  di^corered  by  Faraday,  that  tbe  tame 
current  of  electricity  wben  transmitted  BUcoessively  through 
various  electrolytes,  decompose*  each  in  tlic  proportion  of  tfacif 
ra^lKWtivc  chemical  equivalents  (247,  4]  adds  gn?atly  to  the  pro- 
bability of  tbe  Bopposition  that  electrical  and  clicmicol  phenomciis 
»rc  due  to  different  manifeatationa  of  the  same  ageiit.  So  strasf 
v/a»  Danicll's  conviction  upon  this  poiiit,  that  he  applied  the  tern 
ctirmii  affinily  to  the  voltaic  current ;  since  by  means  of  the  proper 
application  of  conductor*,  or  clmnrivls  for  the  force,  the  chemical 
iiftinity  of  a  portion  of  zinc  and  sulphuric  acid  at  one  point  coulil 
lie  transferred  to  a  distant  spot,  itnil  could  there  l>e  made  to  cflett 
an  ciiuivaleiit  amount  of  eliemical  decoropoution  upon  a  different 
compound.  The  chemical  cquirulent  of  any  substance  upon  the 
clcfitni-cln'micftl  tlicory,  i*  that  quantity  of  eadi  t)oc!y  which  i»  nxw- 
ciuted  with  an  amount  of  electricity  equal  to  tbat  associated  with 
a  given  weight  of  some  substance,  such  as  hydrogen,  which  is 
sclcctcii  ns  the  stantlard  of  coniiwirifon  ;  the  proportion  of  elcctricit? 
which  is  a«sociated  witb  a  given  weight  of  any  substance  being 
invci'w.'ly  at  its  atomic  weight.  Assuming  tbe  specific  electricity 
of  Jijdrogen  to  be  represented  by  the  arbitraiy  namber  1000,  tlie 
folloniiig  is  gixcn  Vij  BawcW  ^Introd.  to  Chem.  Phil.,  and  Ed. 
I.  687)   as  an  au\it<i\\n«L^we  \aio\'i  «S  ■Own  »yec\^  t\tclT\otoi  <^ 
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imntity  of  clcctridty  iinociaU.-il  witli  f^nai  tteiffhis)   of  a  few  of 
lie  more  important  elements  aud  componndft : — 


'            CMUoDi. 

Ranln- 1     BpadBg 

Anlnu. 

Bquiva- 
lonb 

BlHlrlolij, 

IlyilrOKi'n     .     . 

10 

1000 

Clilorine  .    .    . 

80 

««6 

I'otaA^iuiu     .     . 

39'» 

35 

llft'O 

'I 

SodiUKl    •     •     ■ 

»33 

43 

lodina     .    .    . 

Zinc    .... 

.ia-5 

3' 

Bromi&o  ,    .    . 

78-.1 

13 

Copptr     .    .    . 

31-6 

3' 

Fluoniu)  .    .    . 

187 

S 

Ammonia     .    . 

17-0 

58 

CytuMitva     .    . 

a6'o 

Fobub     .    .    . 

47* 

31 

Siilpburir  Acid . 

40-e 

Ji 

SpdK   .... 

3i'3 

3» 

Nilric  Avid  .    . 

540 

Lioio  .... 

rf-5 

35 

Chloric  Acid     . 

J&S 

'3 

Ingenioii*,  however,  as  is  the  electrical  theory  of  chemical 
nffitiity,  it  must  be  admitted  thnt  it  is  far  from  being  free  from 
objfictioD  and  rliflltjulty  uheii  it  is  attempted  to  apply  it  to  all 
ea$e»  of  chemical  action.  It  has  bc«n  already  stated  that  a  very 
'large  number  of  bodies  exiwt  wbicb  are  not  suMJopliblc  of  elee- 
krolysis.  Indeed,  the  chief  classes  of  electrolytes  are;  i,  binary 
[Compounds  of  the  non-njetallic  elcmeiib<  with  the  metals,  snch  as 
■tlic  ojtidea,  chlorides,  iodides,  bromidea,  and  fluorideti ;  a,  com- 
pounds of  bodies  like  cynnogen  with  the  metals,  snch  aa  the 
cyanides  and  the  sulpbocyaiiides ;  and  3,  compounds  of  the  metallic 
oxides  with  the  oxyncid*,  sneh  ns  the  nilr»ti.i<,  sulphates,  borates, 
car1x)nntc!i,  acetates,  tartrates,  &c.  Now,  so  long  an  u  compound 
consists  of  two  elements  only,  if  it  be  decomposed  at  all,  tJien^  is 
'no  difficulty  in  anticipating  the  reauit  of  the  voltaic  action  ; — the 
lelectro-negative  element  will  appear  at  the  zincodc,  and  the  elecLro- 
[poaitivc  dement  at  the  ptatinode;  yet  there  are  binary  eompouiids 
which  are  not  electrolysablc,  such,  for  instance,  as  pure  water,  and 
chloride  of  sulpbur.  If  their  panicles  be  united  by  eU'ctric  oppo- 
sition, why  should  they  not  yield  to  the  current  ?  In  the  case  of 
more  omtplex  bodies,  such,  for  exam|)te,  aa  nitrate  of  silver,  or 
borate  of  lead,  it  is  not  possible,  a  priori,  to  say  bow  the  compoinid 
|vould  yield  imdcr  the  electric  influence.  It  in  (juitc  clear  in  the 
caMS  of  a  salt,  that  the  power  which  holds  together  the  two  ion*  of 
the  salt  in  the  form  of  two  iso-elertrir  groups  (or  groups  of  equal 
electric  energy),  muft  be  of  a  different  order  from  that  which 
holds  the  ctcmcDts  of  its  component  ions  in  combination.  The 
tie  which  binds  together  nitrate  of  silver  iks  Af;,NO„,  must  be  of  an 
order  different  from  thnt  which  unites  the  elements  of  »itrion  (NOJ 
together.  Sulphate  of  soda,  again,  as  an  electrolyte  is  separated 
iuto  Na  and  SO,.     But  neither  nitrion  nor  iiul^hiou  c»\  ■av\ib\.\\^ 

atfu-Mtc  form ;  Jiow  CRU  tlicy  become  b»*oc«i.V:A  wvA«t  ^■i'w*. 
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inflncncv  ?  Again,  (SOJ^  flQlphnric  aobydritle,  is  not  bo  dectn 
lyte  n'ti«ii  fiittct) :  the  9*me  thing  nifty  Iw  wid  of  fuced  imracic  anb; 
(Iridc;  and  essinplcsof  th!s  kind  nii^Iitbc  iniiUipUcd  almost  witlini 
limit.  Why,  if  clii-niical  affiuily  Itc  due  to  the  exertion  of  elcctri 
action,  sboold  certain  bodies  be  readiJy  decomposable  by  tbc  v ohd 
ourrciil,  and  why  should  others  of  lew  compter  compocition, 
it  entirely  ?  At  present,  no  hint  appears  to  bare  been  given  wbk 
ofien  any  due  to  Uic  solution  of  tlic»c  qucxtions. 

Practical  Applicalioiu  of  Eifclroit/dc  Action. 

(874)  Eleclrult/p^,  VoUaltjpe,  orGalvano-Plfutta. — SbortlyaAi 
Dauiell  had  invented  hia  mnataut  battery,  be  observed  that  CopfC 
deposited  upon  a  plate  of  platinum  funuKbed  a  coherent  sbcci,  ii 
vbicb  the  linea  and  irregularities  ou  (he  surboe  of  the  pUtivi 
irare  faithfully  reprodueod  upon  the  ik-[ioMt<;d  copper ;  but  he 
no  practical  applieatiou  of  the  oliscrvatioo.  In  tlie  year  iSji 
Jtioobi,  of  Si.  Pctersborg,  anDoniiccd  that  he  bnd  discovered 
niLlliod  of  Risking  exact  copies  of  a  metallic  surface  in  copper  h 
means  of  the  voltaic  battery,  and  shortly  aftcrwsrda  iA 
Spencer  and  Jordan,  who  bad  eaeli  independently  arrived  at  a  simili 
result,  published  the  methods  which  tbey  bad  employed  fortfc 
attainment  of  thia  object.  The  processes  thus  di»clmcd  vert 
simple  and  easy  of  execution  that  they  were  immediately  rcpeatc 
viilh  sacGe»s;  and  in  the  fulloning  yejir  Mr.  Klkington  in  Boglaoi 
and  M.  Buols  in  France,  began  to  apply  the  voltaic  battery  on 
extcuaive  vvale  to  the  art»  of  plating  and  gilding.  Siboe 
l)criod  the  voltaic  battery  baa  been  roost  extensively  empU^yed 
a  mcatia  of  depositing  not  only  cof^r,  gold,  and  ailrer  firom  tlu 
solutions,  but  zinc,  tin,  lead,  platiuum,  and  nickel :  nany  01 
mctiiU  have  al«>,  for  particular  puriMwe*,  Ijoeii  reduced  from 
salts  by  ita  means. 

Fur  the  deposition  of  metallic  copper,  a  aolution  of  ibesnlpbat 
of  this  metal  t!>  employ  e«l,  but  the  mode  of  using  it  varies  wit 
tite  object  in  ricv.  Suppow  that  it  be  desired  to  obtain  a  copy 
an  engraved  cop[>er  plate :  a  wire  or  Hlip  of  copper  having  been 
dered  to  tIte  plate  for  the  purpose  of  factUtattng  its  connexion  wi: 
the  battery,  the  back  of  the  plnte  is  covered  witb  a  resinous  vainisl 
by  which  mcADs  this  surface  is  electrically  insulated  from 
st^ution,  and  tt  i»  lliua  protected  from  any  deiiout  of  reduced  meta 
The  plate  thus  prepared  is  connected  with  the  negative  electrode 
a  voltaic  bat'.vTv,  cOTvm^^w^  tit  t,  w  \  nC  SmocN  or  Pauitll's  ctll^ 
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ftf  snlpbate  of  copper.  A  sheet  of  oopper,  equal  in  size  to  the  one 
to  be  copied,  i»  Btispcaded  parttllel  to  the  Utter  in  the  liquid,  and 
connected  with  the  positive  electrode  of  the  batterr;  an  immediate 
deoonipoaiition  of  the  mIiUioti  ensues ;  metallic  copper  is  depo*ite<l 
upon  tlic  entire  surface  of  the  negative  pUtc,  in  the  form  of 
a  colicrcnt,  eoiitijiuous  sheet,  and  a  nearly  correspoiiiling  aninunt 
of  copper  ia  dissoUed  from  the  positive  pUtc,  so  that  the  liquid 
reoiftinit  coiiHlantljr  charj^ed  with  a  quantity  of  sulphate  of  copper, 
approiiinuiveiy  equal  to  that  originally  employed.  At  the  com> 
tneiicemcDt  of  the  operation,  aire  mu«t  be  laketi  to  aHcertain  that 
the  deposit  occurs  uiiifurmU'  over  the  whole  surface  of  the  nega- 
tive plate,  for  if  any  portion  of  it  l)c  soiled  hy  grea*e  or  rt^inoun 
matter,  the  co|ii)er  will  not  he  thrown  down  upon  those  parts; 
when  once  the  d(;positioD  has  eommcneed  nniformly,  it  goe«  on 
without  difliculty.  If  the  platen  be  suspended  vertically,  the 
solution  should  be  frequently  ngitntcd,  for  unless  thiit  precau- 
tion be  taken,  the  liquid  around  the  negative  plate  becomes  im- 
I>ovenshcd,  wMlst  that  around  the  positive  plate  becomes  unduly 
saturated  nitli  the  copper  xalt  (H6t)) ;  currents  are  then  produce<l 
in  the  liquid,  owing  to  its  unequal  dcosily,  and  they  occasion  the 
fonnatioa  of  vcrlieiJ  gftwvc*  and  strije  ujton  the  liaek  of  the  sheet 
of  deposited  melal.  This  inconvenience  is  soaictimes  obviated  by 
aupjwrting  the  two  plates  in  the  bath  in  a  horixontal  position,  the 
negs live  plate  being  undermost;  the  positive  plate  must  in  this 
case  )>e  enveloped  in  flniioel,  in  order  to  prevent  the  sionll  particles 
of  metal,  wbicti  are  constantly  being  detached  from  it,  from  falling 
upon  tbe  lower  plate,  nud  inteifering  with  the  regularity  of  the 
deposition. 

The  deposit  varies  in  hardness  and  oohereuce  according  to  the 
nnmbor  of  cells  employed  in  the  battery,  the  relative  sise  of  the 
plati^  of  the  battery  and  those  of  the  depositing  cell,  and  the 
temjieralurG  and  degree  of  concentration  of  the  solution.  The 
more  slowly  the  action  takes  place  if  the  solution  be  concentrated, 
the  harder  nod  more  crystalline  m  the  deposit.  Uy  modifying  the 
power  of  the  battery,  and  the  strength  of  the  solution,  in  the 
manner  which  enperieucc  soon  indicates,  copper  may  be  obtained 
of  any  desired  degree  of  toughness. 

"When  the  d^'jiowt  has  acquired  the  necessary  thickness,  it  is 
(Tctaclicd  at  its  edges  from  the  original  plate,  and  can  then  lie 
Blripiied  olf  without  difliculty.  The  thin  film  of  oxide,  or  of  ollter 
adhering  impurity,  derived  firom  the  exposure  even  of  a  friwhly 
<U-posited  copper  plate  to  tlie  air  for  u  few  hours,  i*  ««ffieW\\t.  t» 
^nrcnt  too  ultimate  au  adhoaiou  beVwecu  v\\C  ^XtiX-s  ^lA  "^<i  ^*c 
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posit.  In  the  electrotype  tl 
away  upon  tlie  surface  of  t 
relief  in  the  copy,  and  if  a  fi 
a  new  deposit  must  be  form 
this  pecond  trauafer,  an  exai 
will  be  preacDted.  Many  lar{ 
which  are  some  of  those  cc 
thus  multiplied  with  Hucceaa. 
duce  all  irregularities  upon 
is  deposited,  that  copies  of  di 
by  its  means,  iu  which  thi 
ferred  to  the  deposit  of  co 
impression. 

{875)  Preparation  of  JH 
medals  or  other  works  of  ar 
casts  of  the  objects,  instead  o 
might  be  liable  to  injury  b 
These  casts  may  be  made  in 
or  gutta  pereha.  Gore  {Pfu 
a.  mixture  of  2  parts  of  gu 
the  materials  are  to  be  cat 
heat  and  incorijorated  with  1 
applied  whilst  soft,  with  a 
surface  of  the  medal,  or  otli 
In  certain  cases  an  impresi 
tallied  iu  sheet  lead  by  th( 
every  instance  before  procet 
the  back  of  the  mould,  if  mo 
trieity,  must  be  coated  witJi 
conducting  matter.  Wheu  n 
they  must  be  rendered  im] 
melted  wax  or  tallow;  aftei 
endued  with  the  power  ol 
finely  powdered  black-lead,  c 
of  a  brush;  taking  care  the 
copied  is  completely  coiiled 
with  the  negative  wire  of  tb 
lead,  or  a  copper  wire,  which 
of  the  black-lead  surface, 
stamps  in  relief  upon  pastcbt 
used  for  wood-cuts,  thu^  re 
may  be  eiectrotypcd  with  fai 
conductor  by  the  use  of  oni 


KLECmOTYPINO — l!I.ECTnO-«IWC(Sn. 

pon  it*  Kurrikcc  (793).  Lcarca,  flowers,  fruits,  and  insects  have 
Uo  bccR  coated  vith  co])i>er,  or  villi  silver,  hy  tlie  electrotype 
»oc<w»,  A  mode  of  producing  a  conducting  surface  upon  these 
rticlcs,  due  to  Capt.  Ibbetson,  consists  in  immersing  them  in  a 
reek  »i)Iiition  of  phosphorus,  either  in  hisalpbide  of  carbon  or  in 
tber,  allowing  the  solvent  to  evaporate  from  the  surface,  and  thea 
iluiigidg  thi;  objects  into  a  solution  of  nitrate  of  silver  ;  the  phos* 
thorus  left  ui>oik  tbe'Hurfaee  reduces  a'  very  thin  tilni  of  silver  upon 
he  supcrliciid  portions  of  the  objects,  sufficient  to  enable  them  to 
eceive  tlie  dejKtsit  from  tiie  baltt:ry,  if  they  be  properly  connected 
rith  the  negative  wire,  and  submitted  tu  a  metallic  bath  to  the 
letion  of  the  electric  current.  Stvcl  plata  cannot  be  copied  by 
mniemiig  them  in  a  hath  of  sulphate  of  copper,  because  the  steel 
tad  the  snlphutc  act  chemically  on  each  other,  und  thus  the 
BDgniving  would  be  destroyed.  This  difficulty  haa  been  over- 
Dome  by  electrotyping  thcni  firwt  In  etilvcr,  which  can  he  deposited 
upon  the  steel  without  injury,  and  upon  this  silver  matrix  a  copper 
tw^■fliIuilt;  of  the  originni  plate  can  afterwards  be  obtained. 

For  the  electrotyping  of  small  object*,  anch  as  coins  or  raednls, 
it  is  not  ueccjaary  to  u«e  n  separate  voltaic  battery,  since  the 
depositing  cell  itself  may,  in  the  following  manner,  he  converted 
into  a  voltaic  couple  of  sulGcieut  power  to  decompose  the  sulphate 
of  copper : — -Let  a  glass  cylinder,  such  as  the  chimney  of  an  argnnd 
gu-bumcr,  be  closed  liclow  by  a  plug  of  plaster  of  Paris,  and  be 
AUpportcd  in  a  veaael  containing  a  solution  of  sulphate  of  copper, 
in  which  the  mould  or  the  medal  to  be  copied  is  supported  by  a 
metallic  wire;  let  the  inucr  tube  be  filkd  with  wnlphurie  acid 
diluted  witJi  10  or  I J  times  its  bulk  of  water,  and  let  an  amalga- 
mated zinc  rod  lie  placed  in  itit  axis.  If  tbiit  zinc  rod  l>e  connected 
with  the  wire  proceeding  from  the  mould  of  the  medal  to  be  clcctro- 
tjped,  copper  will  he  depo:>it«d  upon  the  »urr»ce  of  the  mould.  The 
apparatus  in  fact  constitutes  a  cell  of  Danicll's  battery,  with  a 
trilling  modification  in  its  form.  The  solution  of  copper  ttliould 
b*  maintained  uniformly  saturated  with  sulphate  of  copper,  hy 
•ifpeiiding  crj'stalft  of  this  salt  in  the  upper  part  of  the  liquid, 

(876)  Electro-zincmg. — Zinc  may  be  deposited  from  its  sulphate 
on  the  siufacc  of  iron,  by  processes  dimtlnr  to  thouc  u!»ed  for  sul- 
phate of  copper.  The  operation  requires  but  a  feeble  current,  and 
admit*  of  bcitig  performed  upon  a  vcrj'  large  scale :  the  iron  links 
of  the  Charing  Cross  suspension  bridge,  which  arc  passed  into  the 
abutments  on  the  side  of  the  river,  were  successfully  submitted  to 
thi^t  operation ;  each  of  thcK  links  is  24  feet  w  l«nv^V\,  (.i^d  t^C  Y*>:t< 
vrtiouate  width. 


posit.  In  the-etecte>^ 
away  upon  the  nrface 
relief  in  the  copy,  and  i 
a  new  deposit  most  be 
this  second  transfer,  an 
will  be  presented.  Man 
which  arc  some  of  tho 
thus  multiplied  with  8iu 
duce  all  irregularities  u 
is  deposited,  that  copies 
by  its  means,  iu  whici 
fcrred  to  the  deposit  ( 
impression. 

(875)  Preparation 
medals  or  other  works  1 
casts  of  the  objects,  inst 
might  be  liable  to  inji: 
These  casts  may  be  mac 
or  gutta  percha.  Gore 
a  mixture  of  3  parts  0 
the  materials  are  to  Im 
heat  and  incorporated  1 
applied  whilst  soft,  wii 
eurfaee  of  the  medal,  d 
In  certain  cases  an  ia 
tallied  in  sheet  lead  h 
every  instance  before  || 
the  back  of  the  mould, 
tricity,  must  he  coaUj^ 
couducting  matter, 
they  muat  be  ren^ 
melted  wax  or  tall 
endued  with  tli« 
finely  powdcrcdj 
of  a  brush  ; 
copied  is  comi 
with  the  ne 
lead,  or  a  cojj 
of  the  blacl 
stamps  in 
used  for  wo.. 
may  be  ek\ 
-conductor 


823 

;«I  round  ihe  roJs 

«irc  of  tlic  batlcry, 

.1  wrict  of  nilver  pl»tc*, 

^'  liquid.     Tbis  Holu- 

.;..iiide   of  nilver  in   a 

'c  of  potassium.     Solii- 

'  fsilviT  nrp  ocLfinoniilly 

Lijriiig  batli,  a  solution  of 

>,v  tlie  adilitioi)  of  cyanide  of 

u  (irccijiitato;  this  |irccipitatp, 

itiitiitiuii,  i.t  di-«nli<'d  in  n  oolu- 

^  ii  Csccss  of  cyanide  of  potaMium 

<'f  cyanide  of   potn^LMuin   1>cing 

t  "iWcr.*     A  solution  whicli  cou- 

(   i»  foHiid  to  Ik  of  «  contenictit 

^VllE^n  cyanide   of  potnssiuia 

I,  till!  M>1utii>n  gradujilly  become* 

of  carbonate  of  (lotash,  which  accn- 

itittirfercN  wiili  iJic  regularity  of  the 

iiiiidt!  of  calcium  bo  sobstitutcd  for  the 

I  {iicouveuicncR  U  obvi«tcd,  tincc  carbo* 

owing  to  its  iii6o1ubility,  it  sinks  to 

Vfti  ftst  u  it  '»  produced.     Tlic  article* 

ibite  or  clialky  surface,  but  tbcy  may  be 

dc*ired,  and  tliey  then  luaumc  the  bril- 

Bilrcr.     It  ia  remarkable  that  the  addition 

tiott  of  bi*ul{il)ide  of  carbon  to  the  bath 

silrer  to  assume  the  lustre  of  the  polished 

lofittlvcr  which  i*  deposited  can  \w  regulated 

wei^chiiig  the  articles  before  immersion,   and 

kin  afttTwnnU.     A  dcpooit  of  from  i  ]  ounce  to 

to  a  ftquarc  fool  of  the  plated  surface  answers 

• ;  the  sheet  of  silver  nndcr  these  circunnttiiuce*  being 

.  of  ordinar}-  writing  paper.    The  solatiou  must 

l»f|iot*Mintn  bcuW  aanaolTcnt  oTthe^aBidBOfstlvrr, 
t^wm  rMiuLr«d  fur  iliu  loluiioo  i>f  i  pari  of  ejMiide  of  •U*«r. 
I  xhii  obi^.  6  ounoM  of  bimilpliiU*  of  eub'w  *r<> 
nil  t  s<uton  of  tli«  jilMine  U>\<>Ui.  nad  sot  Rtido  for 
u.i'i'ii  of  tb<!  Iwiaitt  (liu*  i>t>iaiM>i).  nrc  to  be  sJiIkI  over 
Uofi>  ■•(  il>n  oivliiiirv  |>lntiiif|  liijaid  ;  llu>  lalb  i«  rMily  fair  UM 
iVlilii'ii  ot'lLo  sululioD  of  ibi.'  bmilpliidif  ri-qiilr<>«  to 
<l(i>  u|>  lor  llie  liMi  of  UiP  bifiiljitiKli.-  of  »rlioci  b^ 
^1  ,.1  „  .  ^i<!  u  requirod  in  llie  uhp  of  sucli  a  foluttoo,  for  it  i* 
KbjtfJiore  produced  by  rvrjr  sli){lil  inodillcaticni*  in  Ibe  nioile 
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be  frequently  stirred  in  orde 
density  and  composition  thro 

The  batteries  used  at  Bi 
are  in  general  simply  plates  ol 
of  copper  io  diluted  sulphuric 
they  caio  be  readily  raised  or 
or  larger  surface  to  the  action 
number  of  the  plates  used,  ar 
and  nature  of  the  objects  to 
judges  from  experience  as  to 
it  seldom  happens  that  mon 
are  needed.  In  Paris,  Buueei 
employed  with  success  in  the 

(8;8)  Electro- Gililinff  am 
most  of  the  ordinary  metal 
consist  of  brass,  bronze,  coppe 
then  pickled,  as  the  operation 
of  diluted  nitric  and  sulphur 
are  scrubbed  and  '  dipped  '  it 
in  water,  as  is  practised  iu 
articles  are  cleansed  in  a  sini 
to  be  '  dipped.'  Iron  andstc 
grease,  first  with  potash,  and 
scouring  the  surface  with  I 
remove  the  black  stains  prod 
more  powerful  current  ia  reqi 
the  metals  previously  mentio; 

The  gilding  bath  most  us 
gold  dissolved  in  cyanide  of 
dissolving  gold  in  aqua  regia, 
the  diluted  liquid  so  long  as  it 
vescence  accompauies  the  ac 
cyanide  of  gold  (AuCy)  is  f 
and  the  precipitate  is  redissol 
7  and  8  parts  of  the  cyanide 
Bolutiou  is  then  diluted  until 
of  gold. 

M.  Ruolz  has  shown  tba 
nsed  instead  of  the  double  ( 
example,  he  finds  that  the  cy 
brought  into  solution  by  the 
of  potassium  ;  he  has  also  nsi 
gold  and  soda,  the  solutiua 
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\  ami  andiuid  iritli  an  excess  of  sods,  ond  cren  the  snlphidc  of 

,  diMutvi-il  ill  B  iieulrul  solution  of  pn;tu!tiilplii()c  of  iwtaasium. 

jcl  tlie  voltaic  deposition  of  plstinum  hu  not  bccu  prac- 

10  aiijr  cDii8id<:r»l)1c  cxicrit ;  it  ih  aliitcd,  lioirever  (Compies 

nj>,  vol.  xiiL,  p.  JOij),  tbst  a  Kolution  o(  tlic  double  chloride 

itiiium  aud  potuatum  iu  eaustiu  putuh  m&y  be  applied  to  this 

wtib  tolerable  suoceaa. 


IV.  IxFtinsNCB  OP  Light  on  Arriym — pHoroottAPBr. 

9)  InftHenct  (/  Light  upon  CrytlalUzalion. — It  i«  a  bmiliar 
in,  tliat  volatile  bodic*  which  cn,'atallixc  as  the;  are  oon* 
TtiAer  BpoiitancouK  HubliitiAtion, — such  as  camphor,  naphtha- 
Besi[iiiebluride  of  carbon, — if  ]^ac«rl  iu  glass  veracU,  collect 
Itbo  aide  of  tlicgla^  which  is  exposed  to  thir  light,  whiUt  no 
are  deposited  upon  the  other  nide  of  the  vessels.  This 
liowc-ver,  is  not  ooulita-<l  to  cr^stalliiablu  subttoticcs.  If  a 
ipa  of  water  I>e  pluced  at  the  buttoin  of  a  )>i>tUc,  the  sides 
fb  IPC  kept  drj',  and  the  moutfa  of  the  bottle  be  closed,  on 
it  in  the  sunshine  for  a  few  nitoutea  a  deposit  of  globulm 
iturc  Kill  Bpcc<lilr  take  place  upon  the  illuminated  sides  of 
ittle.  A  siiiiiiur  effuct  \a  ol^en  seen  in  tlic  racuum  of  a 
',  globules  of  oiorcury  being  condensed  upon  the  side 
tiiln-  which  is  expDAed  to  light.  I)ra|)er  (Chemixtry  of 
'm,  Appendix,  p.  134)  has  made  a  number  of  obscrvstious  on 
pbeoontcna,  from  which  it  appears  that  tlie  trnnsiniuion  of 
through  an  aperture  in  a  nictinllic  screen,  or  the  reflection  uf 
igbt  from  a  »utfuce  of  gla^v,  aud  other  ap))areiitljr  trilling 
lalious  of  the  light,  uili  prc^'cut  the  deposition  of  rapour 
cues.     The  whole  subject  ia  well  wortliy  of  further  in> 

98o)  Chemical  AciiofU  0/  Lifffil. — Tltc  r«y>  of  tlic  sun  are  ttot 
flUc  great  souroo  both  of  lieat  aud  light  to  the  globe  which 
iha1>il,  but  th«y  are  oonstantt}-  exerting  ujiou  tlie  various  sub- 
U|)ou  its  surface,  a  chemical  influeoco  of  the  utmost  im* 
ace  to  the  exisleace  of  animnl  ami  vegetable  life,  aud  to  the 
cc  of  the  present  ortler  of  creatiuu.  The  oCGurrauce  of 
arkable  clieniical  activity  in  the  wlar  ny»  may  be  showii 
iims  "ays : — When  jwrfccUy  dry  chlorine  is  tnixcd  in  the 
dith  hydrogen,  no  clu'uiical  cluuige  takes  place;  if  the  two 
have  been  exposed  sejiarately  to  tlic  licunis  of  the  sun,  and 
itL-Dtly  been  mixed  iu  the  dark,  they  may  be  preserve^I 
.lion  alw  without  cliangc,  so  long  u^  they  are  screened 
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be  frcqaeutly  fttiired  in  order  to  preserve  the  Hqtiiil  of  tuq 
(leiuiity  and  com|>o«itIuii  llirougliout. 

The  baUcrics  u»cd  at  Binniugham  for  gilding  and  lilfl 
are  in  general  nimpl}-  jilntnuf  nnialguutatt'd  tiuo  oppoMid  In  I 
of  copper  in  diluted  sulpliuric  acid  :  tlio  platoi  ue  >o  irrun 
tliey  eux  be  ri»diljr  rat»L-d  or  lowered  in  order  to  espuw  a  la 
or  larger  surface  to  tlie  action  of  tbo  acid.  Tbe  fruiierltna]  ana 
number  of  the  plates  used,  arc  made  to  vary  ncourdtug  to  tM 

,  and  nature  of  tbe  objects  to  be  operated  upon.  The  woil 
judge*  from  experience  as  to  tbe  nuuibtn'  of  pain  to  ba  eapl^ 
it  solduni  happens  that  more  than  two  or  tbreo  paiiv  of  p 

f  arc  needed.  In  Paris,  Bunscu'e  cnrtion  and  Einc  battorie*  ad 
employed  with  success  in  these  operations.  I 

(87S)  Ekctro-GUding  and  Platimyutg.—lX  b  poMible  li 
most  of  the  ordinary  metals  by  voltaic  actioD.  Antela  I 
consist  of  bra«s,  bronxc,  copper,  or  Gcmiaii  ulvcr  are  fir»l  ania 
then  pickled,  aa  tlic  operation  of  immersiug  tbeni  into  tbe  n 
uf  diluted  nitric  and  vulplmric  aeids  \»  (eriucd,  aflcr  vtiiHil 
are  scrubbed  and  '  dip|>eil '  in  strong  uilric  acid,  and  tlica  d 
ID'  water,  as  ta  practised  in  preparing  tbetn  tor  plating.  I 
articles  arc  c1e«iiHe4l  i»  a  similar  manner,  but  tliey  do  notrt) 
to  be  '  dip]>cd.'  Iron  and  t,ttx\  may  be  gill  by  cluauMiig  tbtid 
grease,  lint  with  |totu«b,  and  then  by  dip|Miig  in  nicri*:  aciJ 
scouring  the  surface  with  burnt  chy  liiH-ly  sirtcd,  in  on 
remove  the  black  ntaiun  produced  by  the  liberation  uf  carbofl 
more  powerful  current  is  required  for  gilding  upon  iruu  lliaiJ 
tbe  niitt)d»  pri-vioii>Iy  inentiuned.  I 

The  gildiuji;  hath  mo§t  luually  employedj  consists  of  cyM 
gold  dissolved  in  cyanide  of  poianiuui.  It  may  be  prBt«J 
(liasolring  gold  in  aqua  regie,  and  adding;  cyauidu  of  pulaaJ 
the  dilulcfl  liquid  to  longnsit  produi-r^  a  precipitate;  abiislfl 
vescence  accompanies  tbe  action,  and  a  yellow  deposit  of  I 
cyauide  of  gold  (AuCy)  in  formn) :  thi-  ebar  li  '  -  deJ 
and  tbe  precipitate  is  redissulvcd  in  a  suluuuii  •  ,;  M 

7  and  8  parts  of  tlie  cyanide  of  polasstuui  to  I  put  of  folJ 
solution  is  then  diluted  until  100  parts  of  tlic  liquid  oomaMl 

'  of  gold.  I 

M.  Ituulz  has  shown  tbat  various  J 

usttd  in-itcnd  uf  the  double  ry  :'>-  >^^ 

i-kauiplc,  be  finds  tliat  (he  c\  .  i]^| 

brought  into  wluliun  by  tlic  •■  H^| 

of  jMliiseium  ;  be  lias  ol^  wok-;  •-  ■  ^^H 

g<ild  and  uhUi,  ibe  sotnliou  of  ll.  ^H 
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ftoJ  sodium  nitit  aa  excesB  of  soda,  anil  cren  the  siilptiidc  of 

(liwiolvnl  ill  a  iieutmt  Holutioa  uf  pnitoxtilptiide  of  |KitaaaiuDi. 

lAs  yet  ihc  voltaic  dc))Ofiitii>D  of  pifttinutn  h&s  not  been  pmc- 

tti  uiy  oounidcrablc  e&tont ;  it  U  sditcd,  bowpver  {Comples 

vnL  xiit.,  p.  1013),  Ihftt  a  solntioa  of  the  double  cliloridc 

itiimin  uid  pouiMiiiiu  in  cniutic  potash  may  Ik  applied  to  this 

with  tolerable  success. 


1 


tV.  lNn,rBxce  or  Liobt  oh  ArpiMTT — Photooilipht. 

(879)  Influence  1^  Light  upon  CiytlalihalioH. — It  ia  a  bmiliar 
brvntion,  that  volatile  bodies  which  crvalallize  as  tliev  are  con> 
icd  ailur  opoiitancuus  fiublidaatioo, — such  as  cuniplior,  naphtha- 
id  aesi[uichlorid«  of  carboa, — if  placed  in  gliLsa  veiscU,  collect 
the  Hide  uf  the  gU<«  nbich  is  cupOM^d  to  tbc  light,  whilst  no 
Ja  are  deposited  u|ion  the  other  nide  of  the  vcswit.     This 
liowfrcr,  iH  Dot  conlincd  to  crystallizublc  substancca.     If  a 
ilr<>{)s  of  water  he  placed  at   the  liottoiii  of  a  battle,  the  sides 
irbich  are  kept  dry,  and  tbc  mouth  of  the  bottle  be  closcil,  oa 
U  in  the  siituhiue  for  a  few  minutes  a  deposit  of  globules 
iioisturc  will  epccdily  take  pUcc  upon  tlic  illuminated  sides  of 
Ibuttlc.     A  viniilw  effect   ia  often  seen  in  tlio  vacuum   of  a 
Bter,  globules  of  mercury  being  condensed  upon  the  side 
\}ic  tiilie  which   U  exposed   to  light.     Drajier   [C/u-mi»try   0/ 
is,  Appendix,  p.  124)  has  made  a  number  of  obsLTvations  on 
plieoomcna,  from  which  it  appears  that  the  tmnHniissiun  of 
Uirough  an  aperture  in  a  metallic  screen,  or  the  reflcctiou  of 
I  light  from  a  surfiice  of  glaan,   and   other  appait-ntly  trifling 
Scatious  of  the   light,  will  prevent   the  deposition  of  vapour 
case*.     Tlie  whole  nuhjcct  i:*  well  worthy  of  further  iii- 
ktion. 
iiSo)  Chemical  Actions  0/  Light. — TIi«  rayx  of  the  «an  are  not 
tlie  great  source  both  of  beat  and   li^bt  to  the  globe  which 
[iababitjbut  they  arc  constantly  cxerliiif;  u[ion  tbc  varioti*  sub- 
upon  its  surface,  a  chemical    iiiflueuoc  of  the  utmost  tm> 
*  '  the  cxiitlenoe  of  omnia]  and  vi-SL-tnMc  life,  and  to  the 
of  the  present  order  of  creation.     The  occurrence  of 
b*  rcraarkalilo  chemical  activity  iu  the  solar  rays  may  be  shown 
riuuM  ways ; — When  (icrfcctly  dry  chlorine  is   mixed  iu  the 
with  hydrogen,  no  chemical  change  lakes  place;  if  the  two 
have  Itceu  exposed  »ej>ai«tely  to  the  Iwams  of  the  sun,  and 

■  ■■' :  ■■•)y  been  mixed  in  the  dark,  they  may  be  preserved 

:  abo  without  change,  sO  long  as  they  arc  screcDcd 


I 
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Tt  h  not  possible,  liowprer,  to  obtsin  coherent  plata  of  tQ 
metals  with  the  tame  fadtilv  as  i»  the  caae  with  copper  mai 
Many  of  the  mctaU  arc  thfx>wD  down  from  their  iwJiilJiM 
■  crystalline  form,  whotlier  the  depoaition  be  effected  npUly 
slowly.  Silrcr  is  evpamtcd  thus  from  its  nitrate,  snd  had  i 
hiUts  a  similar  deportment  when  the  acetate  or  the  nitrate 
this  mctnl  is  elcctrolyspd.  Gold  and  platinum  do  not  gt*« 
rcDt  pUt^ft  when  solitttoui  of  the  chlorideit  of  theae  TT^*yT"  aie 
mitted  to  voltaic  decomposition.  X^ead  may  be  depositnl 
iron  from  a  solution  of  oxide  of  lead  in  potash  ;  and  a  soiutinn 
oxide  of  tin  in  potash  may  be  used  to  obtain  coherent  plates  of 
by  eiectrolyai*.  In  like  manner  amrooiiiocal  »olution!>  of  the 
of  cobalt  and  nickel  may  be  employed  to  furnish  electrotype pbli 
of  the^  inetaU.  In  M>me  caMs,  however,  where  a  simple  salt  M 
to  give  a  satisfftctory  result,  the  effect  may  be  obtained  fagrtbea 
ployment  of  eerlain  double  salts  of  the  same  metal  with  potauaB 
or  with  sodium :  thus  the  double  cyanide  of  gold  and  potassian 
lar]^ly  employed  for  gilding,  and  the  corm'poQding  salt  ot  silfi 
is  cstennvcly  uen)  in  electro- ail Tcring.  In  gilding,  silvcriu]:,  md 
Eincing,  one  ^reat  desideratum  i*  to  obtain  a  6rm  adherence  belwcet 
the  newly  deposited  metal  and  tlic  object  to  be  gilt  or  plated ;  the 
Borfuce  of  the  metallic  objwrt  is  therefore  first  rendered  cftrmietHf 
clean,  s  result  which  is  carefully  avoided  in  the  process  of  electro- 
typing.  In  the  Utter  case  it  is  unual  to  cxjkikc  the  ol^ject, 
freshly  polished,  to  the  atmosphere  for  14  hours  before  placinf 
in  tlie  depositing  cell,  in  order  to  prevent  pennauent  adheaioa. 

(877)  Ekclro-P/aling.— The  metals  upon  which  an  adherent 
coating  of  silver  is  most  readily  <!o|xMitod  are  bruss,  copper,  brami^ 
and  German  silver;  bat  it  may  also  be  effected  on  steel.  Itt 
urticin  to  he  pinted  are  cU-aiiMrd  from  adhcriag 
greasy  matters  either  by  boiling  them  in 
weak  alkaline  solution,  and  Ihoi  wadiing ; 
they  are  heated  to  low  redness  in  a  ratifRe :  u 
cither  caw  Ihcy  arc  neit  dipped  into  tlUuIel 
nitric  add  for  the  purpose  of  removing  uf 
nilhcring  fdm  of  oxide.  'Hicy  arc  then  brusbe 
with  a  bard  linixh  and  u>n)e  sand ;  and  havinf 
been  rioM^  from  adhering  impurities,  and  sepa- 
rately attach<^l  10  n  cK'jiii  copjier  wire,  they  an 
again  dipped  for  an  instant  into  nitric  adil, 
washed,  and  iinmer«ed  whiht  still  wet  in  the  siW 
forin^\»ftv.  "Wx  K\^.  •y^'^vf>i.f«»«ttt  a  yUn  oftUi 
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iched  to  the  articles  to  l>e  plated  are  twisted  ronnd  the  rods 
V  p  1",  tv)ii4.'Ii  arc  coniifctcd  witb  the  negative  wire  of  tlie  Iwiltvry, 
wbilait  the  positive  wire  is  connected  with  a  scries  of  silver  plates, 
t  X  t,  which  nre  also  immci-scd  in  the  silvering  liquid.  Tliii'  solu- 
tion is  common!)'  pr<-pan;d  h_v  dissolving  cyanide  of  silver  in  a 
solution  cither  of  cyanide  or  of  fcrrocyanidc  of  potassium.  Solu- 
tions containing  hyposnlphite  ur  sulphite  of  silver  are  occasionally 
employed.  In  order  to  prepare  the  silvering  hatli,  a  solution  of 
aitrate  of  »ilver  may  be  precipitated  by  the  addition  of  cyanide  of 
potasstnm  bo  long  as  it  produces  a  precipitate ;  this  precipitate, 
after  lianng  been  wnidicd  by  decnntntion,  is  dissolved  iit  a  solu- 
tion  of  cyanide  of  potasHium.  An  exccis  of  cyanide  of  potassitim 
is  requisite;  at  least  3  parts  of  cyanide  of  potassium  being 
employed  for  1  part  of  cyanide  of  silver.*  A  solution  which  ot»u- 
teins  ■j't.th  of  it*  weight  of  silver  is  found  to  be  of  a  convenient 
atrcn>!ih  for  onlinary  operafioua.  When  cyanide  of  potassiura 
(»  xmnX  in  the  bath  as  a  solvent,  the  solution  gnidnidly  becomes 
alkaline  from  the  formation  of  carbonate  of  potash,  which  accu- 
■nnlutcs  in  the  liqnid  and  interferes  with  the  nrgnlarity  of  the 
decomposition  :  but  if  cyanide  of  calcium  be  substituted  for  ihi! 
cyanide  of  potassium,  this  inconvenience  is  obviated,  since  carbo- 
nate of  lime  is  formed,  and  owing  to  its  insolnbitity,  it  sinks  to 
the  bottom  of  the  hath  as  fast  as  it  is  produced.  The  iirticles 
when  pltiled  have  a  dead  while  or  chalky  .lurfaee,  but  they  may  bu 
burnished  by  pressure  if  desired,  and  they  then  assume  the  bril- 
liant Initre  of  polished  mlver.  It  i*  remarkable  that  the  addition 
of  a  very  small  projjortiou  of  bisulphide  of  carbon  to  the  hath 
causes  the  deposited  silver  to  as-iume  the  Inrtre  of  the  polished 
metal. t  Tlie  amount  of  silver  which  is  deposited  can  be  rcgnl.ited 
very  Becnratcly  by  weighing  the  articles  before  immcision,  and 
weighing  them  again  afterwards.  A  deposit  of  from  1}  ounce  to 
li  ounce  of  silver  to  a  square  foot  of  the  plated  surface  answers 
well  in  practice ;  the  sheet  of  silver  under  these  circumstances  being 
of  about  the  thickness  of  ordinary  writing  paper.    The  solution  must 

•  If  fi.TrcN-yaiiidi-of  potBBBiuiQ  be  used  n»  «  Bolvont  of  tlit  oyaiiideor«iliw, 
10  I'srlB  of  lUia  Bull  are  reiiuifcd  for  tlip  Bolutioii  ul'  1  jinrt  of  ojanide  of  silver. 

t  lu  ord«r  lo  dffot  Ibis  object,  fi  nuucei  of  bisuliiltidt*  ">f  ij»rbi>u  sru 
directed  to  be  ngiuicj  with  i  Rnlliin  of  tbc  pinlmij  liquitl.  auJ  set  ssidp  for 
14  hours.  Two  ouucyc  tif  thi-  bquiJ  thui  obtuiued.  are  to  bo  addod  over 
aiRht  to  10  jpJlon*  of  tiie  oMiiiiirj-  plstiuj;  liquid  i  tlio  bath  is  roady  for  use 
ncut  morning,  Tliis  ndiiilion  of  tin?  soluliou  of  llio  bisulphide  rwiuires  tfl 
bu  renewed  duily.  to  muke  up  for  llii>  Ions  of  iho  binuipUidi.'  of  curbon  hy 
evaporstioQ.  Mudi  vare  is  required  ia  the  use  of  lucb  •  lotuliOQ,  for  it  kS 
liable  to  i-fiauj-M  iihirliiirf  jiroduccd  by  very  »\i^A  mo^'oftB.*;\w»*wi*«i'ia»Si» 
of  working. 
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be  fre()ticntlr  sliired  in  order  to  pre«en'e  the  liqaid  of  imilofB 
density  and  cwmpoeitioa  throughout. 

The  batterin  u*cd  at  Birmingtiiim  Tor  gilding  aud  silreni^ 
uc  in  general  umpl;  plates  of  amalgauialcd  ziuc  opjxiscd  to  pUlct 
of  copper  iu  diluted  sulphuric  acid  :  the  pUfas  ore  so  arra»Kcd  that 
they  can  be  readily  rai-tcd  or  lowered  ia  order  to  espoM;  a  Btnillrr 
or  taT;gcr  aurfaoc  to  the  nctiuuof  theacid.  TlMivuperiicInl  arca,uut 
number  of  the  plates  u^,  are  made  to  varj  accordiu]^  to  the  nw 
aiid  uature  of  the  obji-cU  to  be  operate*]  upon.  The  woiliiimi 
judges  from  experience  >»  to  the  number  of  pairs  to  be  emplojej; 
it  •cldom  happens  that  more  than  two  or  three  pairs  of  pUla 
are  needed.  In  Paris,  Uunsen'a  carbon  and  ziuc  batteri«a  are  aha 
employed  with  Ruccces  in  these  opcrntious. 

(878)  Eiectro-GHdinff  aad  Plaiinizing. — It  ia  posaihle  to  gild 
most  of  the  ordiunry  mctaU  by  roiiaic  actiou.  Articles  whtk 
consist  of  brass,  brouze,  cop[>er,  or  German  aiUer  are  Gmt  auiicaled, 
then  putted,  as  the  operation  of  immersing  them  into  the  miuvre 
of  diluted  nitric  aud  oulpliunc  acids  in  termed,  after  which  ibcj 
arc  scrubbed  and  '  dipped '  in  strgug  nitric  acid,  and  then  rtntel 
in  water,  as  i»  prncttsed  iu  pre|Mriug  tliein  for  platitig.  Silnr 
articles  are  cleansed  in  a  similar  mauner,  hut  they  do  not  reqnin 
to  be  '  dipped.'  Iron  and  Ktcel  niiiy  be  gilt  by  cIcaiiiMng  them  &va 
gi-casc,  first  witli  potash,  and  then  by  dippiug  in  nitric  acid,  aad 
Kcouring  the  surfnec  with  biinit  clay  Rudy  siftctl,  in  order  ta 
remove  the  black  stains  produced  by  the  liberatiou  of  carbon.  A 
man'  powerful  current  is  required  for  gilding  upon  iron  than  opM 
the  metals  pretnously  mentioned. 

The  gilding  bath  most  usually  employed,  couHsts  of  cyanide  vl 
gold  diaaolved  in  cyanide  of  potasaium.  It  may  be  prepcireil  by 
dissolving  gold  tn  aqua  rcgia,  and  adding  cyanide  of  potas&ium  to 
the  diluted  liquid  so  long  as  it  produces  a  precipitate;  abriskeAer< 
vcEccucc  accompanies  tlM:  action,  and  a  yellow  deposit  of  proto- 
cyanide  of  gold  (AuCy)  is  fonued :  tlie  clear  liquid  in  decantedj 
aud  the  pnxipitatc  is  rodissolvcd  in  a  sulalian  containing  bet' 
7  and  8  part-i  of  the  cyanide  of  potassium  to  1  part  of  gold :  tfai 
aoluliou  is  then  diluted  until  too  parts  of  the  liquid  contain  1  part 
of  gold. 

M.  Ruob  has  shown  that  various  other  gilding  hailiii  may  be 
used  intitead  of  the  double  cyanide  of  gold  and  potassium :  ft 
example,  be  finds  that  the  cyanide  of  gold  may  be  employed  wbea 
brought  into  wlution  by  the  ferroc^nide,  or  by  the  f<-rndcyauide 
of  pctasaium  ;  Vieloas  aX«o  <eu(A  vSxVi  va»:<e>A  ikx.  doable  iiulphitc 
eold  and  aoda,  lUe  soWVaon,  <jS,  'Cb*.  4»'*iSvt  Ot^wwifc  «m  Sk&s*. 
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g»ld  and  sodium  with  an  excess  of  stkda,  nod  ctcd  tlic  sulphide  of 
gold  ditumlrwl  ill  a  ttculriil  Hulutioo  of  prutoaulphide  of  ))utaaaiuiu. 
As  yet  the  voltsic  deposition  of  platinum  has  not  been  prac- 
ticed to  an;  euDxiderahlc  extent ;  it  is  slated,  however  {Camples 
Rendua,  vol.  xiii.,  p.  1013),  th»t  a  solution  gf  the  doulilc  chloride 
of  pUtimim  and  potaHniuni  in  eausiic  potaah  tuny  be  applied  to  this 
purpose  iritb  tolerable  success. 

§  IV.  Inflvence  of  Lioht  on  Ap?iNiTit — Photooraphv. 

(879)  Irtftimcc  of  Liff/it  upon  Crt/tla/lhathn. — It  is  a  familiar 
obserTation,  that  volatile  bodies  whieh  crjatalliEC  as  thcr  are  con- 
densed after  :<ipoHtaneous  sublimation, — such  as  camphor,  naphtha- 
lin,  and  sesquicliloride  of  carbon, — if  placed  in  gloas  veMcb,  collect 
npon  the  side  of  the  gla^s  vhich  is  exposed  to  the  light,  whilst  no 
cr}'stals  are  de[ioi>ited  upon  the  other  side  of  the  ve^iMdK.  This 
eScct,  however,  is  not  eoulined  to  crystallizablc  substances.  If  a 
few  drojia  of  water  be  placed  at  the  bultom  of  a  buttle,  the  side^ 
of  vhieb  arc  kept  dry,  and  the  mouth  of  the  bottle  be  closed,  ou 
placing;  it  in  the  sunshine  for  a  few  minutes  a  depueiit  of  globule* 
of  moisture  will  speedily  take  place  upon  the  illuminated  sides  of 
the  lx>ttlc.  A  similar  cfTect  i»  of^n  seen  in  the  vacuum  of  a 
barometer,  globules  of  mercury  being  condensed  upon  the  side 
of  the  tube  which  is  exposed  to  light.  Prn|K.T  [Chrmitlry  of 
Plantt,  Appendix,  p.  124)  has  made  a  number  of  observations  on 
thcM:  plienomenu,  from  which  it  appears  that  the  Imnsmissioa  of 
light  through  an  aperture  in  a  metallic  screen,  or  tlte  reRecttoa  of 
the  light  from  a  surfitcc  of  glass,  and  other  apparently  tnBing 
modifications  of  the  light,  will  prevent  the  deposition  of  vapour 
in  such  cases.  The  whole  subject  is  well  worthy  of  fvirthcr  in- 
vestigation. 

(880}  Chemical  Actions  of  Light. — The  rays  of  the  sun  arc  not 
only  the  great  HOurL-e  both  of  heat  and  light  to  the  globe  which 
wc  inhabit,  but  they  arc  constantly  exerting  ujion  the  various  sub- 
stMnocR  upou  it«  surface,  a  chemiciil  influence  of  tlie  utmost  im- 
portance to  the  existence  of  auimal  and  vegetable  life,  and  to  the 
pi^niuueiice  of  tlie  prewjnt  order  of  creation.  The  oecurrenee  of 
this  remarkable  chemical  activity  in  the  solar  rays  may  be  showa 
in  various  w.iys : — ^Whon  perfectly  dry  ehlurinc  is  mixed  in  the 
dark  with  hydrogen,  no  chemical  change  takes  place;  if  the  two 
gases  have  been  vxiiosed  fvparately  to  the  beams  of  the  sun,  and 
have  Ruhscqucntly  been  mixed  in  tlie  dark,  they  may  be  preserved 
m  tbi»  condition  also  without  change,  so  \oa^  aa  'Cut-j  Mt  %KKWi"«=&. 
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ttota  tbc  ligbt ;  Imt  ir  the  uuxtare  be  expoaed  to  dtffoecd  daffi^ 
it  will  be  obaerral  that  the  two  f;ue*  hagin  gnduidW  Co  oainlm, 
snd  if  tbej*  be  free  from  ndmixture  with  uucombioed  o^jeaor 
exoemof  bydrogcn,  suflden  combination  with  nplosion  oeenrewiMB 
ihej  are  expoNed  to  the  direct  rajn  of  llic  Min.  The  rxpidity  «idi 
which  this  coiDbin&lion  occurs  is  proportion rd  to  tbc  intcnntrcf 
the  liglic,  mid  an  iii«triinK-tit  for  mea.onnng  the  amouut  of  dw 
action  which  is  produced  bv  diffuicd  darhght,  was  devrribed  \if 
Draper,  under  the  nomewhat  faikciful  name  of  the  lithonomlltr 
{Phil.  Mag.,  Dec.  1843). 

{880  a)  Pkoio-clumieal  tndwiiom. — An  elalwrate  inveatigalioo 
of  the  circumttanoes  which  influence  the  action  of  bpht  opon  1 
mixtnrv  of  chlorine  ai»d  hTf!rogi-n,  by  Itiin»eti  and  Rokcoc,  will  be 
found  in  the  /'Ai7,  Traiu.  for  1857. 

From  the»c  investigations  it  appmr*  to  be  probable  that  i 
npecic!)  of  induction  precedes  tl>c  chemicat  action.  It  waa  fbuiul 
by  Draper  that  on  exposing  the  explosive  mixture  of  cfaloriov  and 
hydriigcn  to  ditfiued  daylight,  the  amount  nf  coudouastiou  gradualtjr 
increases  for  a  few  minutes,  until  it  attains  a  maximum,  at  wludi 
point  the  rate  of  combination  between  the  two  ^aaea  eoiithumi  liv 
be  uniform  for  equal  amounts  of  incident  light.  Draper  attrHmted 
thiH  hIow  utuiinmcnt  uf  the  maximum  rate,  to  an  effect  of  ligM 
upon  chlorine  alone,  in  oonsequence  of  which  it  was  gradnalk 
converted  into  a  new  and  mora  active  modification.  Bm»ra||d 
RoBCoe,  however,  did  not  find  tltat  either  chlorine  or  bydn)|^H 
when  separately  exposed  to  light,  cxhilHtcd,  after  they  bad  been 
mixed  and  aj^ain  exposed,  any  action  different  from  thai  obacnvd 
when  the  gases  were  prepared  and  mixed  in  the  dark  and  til' 
exposed  to  light;  they  consider  that  the  light  acts  by  overcoraii^ 
certain  rcsistancn  which  oppose  the  oomhination  of  Ihc  two  gSM^; 
and  ihiN  peculiar  action  ihcy  term  photo-chemical  induction.  Thfl 
time  which  elapses  before  the  maximum  action,  due  to  tbc  light, 
is  attained,  varies  conuderahly  in  different  experiments, — rangiug 
from  3  or4  minutes  up  to  10  or  15.  Tlic  moir  intense  the  light, the 
more  rapidly  i*  the  maximum  attained, but  the  increase  is  in  n  greatef 
ratio  than  the  mere  increase  of  light.  This  inductive  iofluenec 
upon  the  ga»eit  \»  not  jxrrmanent.  If  tbej  are  placed  in  the  dark 
for  a  short  time,  and  are  afterwards  again  exposed  to  the  light,  an 
interval  of  exjiOHure  «miliir  to  the  fir»t  i»  required  before  thi 
maximum  rate  of  combination  is  attained. 

{880  ft)  The  presence  of  foreign  gasea  in  the  mixture  of  chlorini 
and  hydrogen  gteaVV'j  A\mv\\\t\\e^  '\\»  wMi«i\v(M««fc  to  the  action  0 
light :  thus  the  aAA\t.\oft  o^  'i  V**"'  ^  V-siwwspti  i»  \tac»  A  Ss 
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mixtiirr  reduced  the  rat«  ot  combinatioii  for  rquni  amonntx  of 
cx|)owre  from  loo  to  37'8,  The  eBfcct  of  osygcu  is  still  grcotcr ;  5 
^tkrt*  of  oxygen  in  1000  of  tkc  mixture  nxluoett  it»  sensitiveness 
under  simiUr  eiposure  from  roo  to  9*7,  and  1  ■j  parts  of  osygen 
to  2'7.  T)i«  followtH);  tiiblc  V'Uows  tlic  results  obtained  with  thc^ie 
and  Bome  other  gases, — taking  the  amoimt  of  condensation 
oh»CT\-t-d  in  equal  times  witb  the  pure  mixture  of  equal  measures 
of  chlorine  and  hydrogen  as  in  all  eases  equal  to  too. 

Sate  ^  Cvitf/iaalioit  f"r  Infenalt  (jf  equal  Etporure 


KMne  of  ronlfii  Gm. 
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None 

HydrooUonc  Acid 

Chlorine  .    .    .    . 

Hydrogea     .    .    . 
Oxy^n    .    .    .    . 
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Bunsen   and    Ituscoc   found  llint  a  gas 
Tncu--«tm^!t    of  ehlurine    anil    hydrogen    cotild 


of  equal 
be  obtained  with 
certainty,  by  the  electrolysis  of  s.  solution  of  hydrochlorie  acid  of 
sp.  gr,  I- 148,  if  B  sufficient  interval  were  ullowcd  for  the  liquid  to 
become  saturated  witli  the  two  gasca.  This  gaseous  mixture  gave 
perfectly  couKtant  results  for  eiiunl  exposure  to  it  light  of  unifgrra 
intensity,  provided  circ  wits  taken  to  ensure  the  com|!lete  expulsion 
of  air  from  the  apparutiui.  Tiic  constiuit  sourtc  of  light  which 
they  employed  was  a  jet  of  coal  gas,  burned  from  a  platinum 
noazlc,  ami  connected  with  a  Rpecinl  iippiiratuK  for  regulating  the 
efBux  of  the  gas.  The  coloration  of  the  Hame  by  a  trace  of 
foreign  matter  matorially  alfected  }U  chcniical  uctivity. 

Chlorine  and  carbonic  oxide  gas  also  enter  slowly  into  eom- 
bin&tioi)  under  the  inlluenco  of  »tiii«liiue.  Two  measures  of 
elilorine  aud  two  of  carbonic  oxide  thus  become  condensed  into 
2  measure-*;  the  result  is  the  formation  of  the  irritntiiig  pungent 
gaa  known  as  phosgene  gas  (337),  in  allusion  to  the  mode  of  ita 
production.  It  is  remarkable  that  the  direct  union  of  these  gaaea 
flinnot  Im!  effected  in  any  other  manner. 

Organic  chemistry  abounds  with  instances  in  which  combina* 
tions  auil  deconipositioua  are  effected  by  chlorine,  u'ider  the  in- 
fluence of  the  solar  ray:  a  few  of  these  have  been  mcnUoood 
fr/jtaj  itpeitkiugoftlie  transfonnationa  of  Du\«W  Vv(\vu<!i  '^af»^.    "i^» 
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Operation  of  blcftchiag  linco,  by  exposure  to  moi»ture  Aod  lij^ 
for  several  weelm  during  ittimmer,  is  another  process  whack 
illu«tnktcs  tlie  iuflucncc  of  solar  ligbt  in  the  pro<luction  of  cbmical 
changes.  Hut  the  clicmicsJ  ovlioti*  produced  by  the  sun'i  ajt, 
which  are  taking  place  uoperccivcd  around  u»,  arc  of  inGnitdf 
greater  importance  than  tliiiHC-limiti'd  transformationa  vhich  eu 
be  cflccted  in  the  laboratory  or  the  blcach-Rcld  ;  for  it  it  Ufso 
these  unol»errcd,  yet  daily  renewed  alterations,  that  the  growth 
and  TcnovatioQ  of  the  entire  vegetable  kingdoin  is  dependeoL 
The  great  clieniical  cITeet  of  light  appears  to  be  tliat  of  a  povoM 
reducing  or  dcoxidiziitg  agent.  Under  the  influence  of  «olar  ligbl, 
the  green  parts  of  plants  |>CTfonn  their  allotted  fuDction  in  tbt 
purification  of  the  atmosphere,  by  absorbing  and  rcmuviiig  carbonit 
acid,  in  virtue  of  which  they  fix  the  carWn  iu  their  tissues,  aul 
thus  supply  themselves  with  food ;  by  a  similar  dccomponittoo  of 
water  tltey  obtain  the  hydrogen  needed  for  their  growth,  whilt 
thcT  return  into  the  aerial  ocean  a  portion  of  the  oxygen  witl 
which  the  earlioi)  and  the  hydrogen  were  previously  iu  oombiua- 
tion,  and  thus  assist  in  maiiitnining  that  unifiHtnity  lu  the  coot- 
poHJtion  of  the  atmosphere  which  is  iudispeuHable  to  the  hcaltkAil 
existence  of  animal  life. 

If  JMjlar  light  be  excluded  finora  plants,  none  of  these  deconpo> 
sitions  arc  elTectcd  ;  the  carbonic  acid  eacapea  unehan^ct)  into  the 
air,  and  no  fixation  of  carbon  ensues;  the  plant  becomes  pule  and 
siieculent,  whilst  its  funetiouH  languish,  Gardeners  take  advaalsfl 
of  this  knowledge  in  order  to  procure  vegetables  of  more  dclicata 
Itjivour ;  by  earthing  up  the  plant,  as  is  practised  with  celeiy, 
by  covering  it  with  a  tile  as  in  the  case  of  endive,  or  by  cnclociiig 
it  in  a  liell-jar,  a-i  is  imial  with  scaknle,  the  light  is  more  or 
excluded,  and  the  blcaeiiiug  which  is  desired  Id  vc^tablcs  for  lb 
ubic  in  produced. 

(881)  Reducing  Inftucuee  of  taght  on  MelaUic  Salt*. — ^Mnel 
attention  lia.i,  within  the  lai^t  few  years,  bt-cu  given  to  the  »ttulj 
of  the  chemical  actions  produced   by  light,  in  oonscquencc  of 
beautiful    inventions  of  tlie  Talbotypc  nod  the  Daguerrmi 
These  remarkable  procesaea,   &»   well  aii    others  of  a  somewhat 
similar  cliaracter,  appear  to   depend  upon  the  power   which  thi 
more  refrangible  rays  of  the  solar  "jwctnim  jMwse^  of  causing  thi 
deconipo.-iitiun  of  the  oxides,  chlorides,  iodides,  or  bromides  of  silrcr, 
and  of  certain  eoni]>ouiids  of  one  or  two  other  of  the  metaU. 
decompo^itiou  by  means  of  light,  usually  takes  place  aadcr 
concurtcut  inQuiruo:  of  \\\&Ti}»K,a,  tn  v>C  «nxa&  mvtalliic  body,  wlu 
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acta  citlior  l>y  settiug  free  the  siUer  or  oilier  metal,  or  by  pnnlucing 
a  lower  oxide,  chloride,  or  other  coaipouud  of  the  metal.  The 
nltcnition  of  th«  eompound,  after  its  expoaure  to  light,  is  not 
alwHTS  manifested  at  once  by  change  of  colour,  but  it  may  be 
rendered  risible  by  tlie  reactions  produced  by  the  applicatiou  of 
suitable  chemical  reagents  to  tbc  c&mponnd  aflcr  it  hat  been  so 
ex]>oM:-d  to  the  aijlar  ray. 

The  foUoff-ing  iuetanccs  of  the  effects  of  %ht  have  long  been 
ob«en-ed  by  eliemists : — If  «  piece  of  white  silk  be  dipped  into  a 
aolution  of  chloride  of  gold,  and  exposed  whilst  in  a  moist  slate 
to  the  sun's  light,  the  silk  becomes  green,  then  purple,  and  in 
less  than  an  hour  a  film  of  metallic  gold  is  produced  upon  its 
surface.  Nitrate  of  Kilver  iu  solution  in  pure  water  underj^oes 
no  change  nheu  exposed  to  the  light,  but  if  any  organic  matter 
be  added  to  the  liquid,  a  black  ile[wsit  is  gradually  formed ;  and 
if  the  salt  be  placed  upon  tiie  snrface  of  the  skin,  upon  paper,  or 
upon  linen,  the  well-known  blackening  effect  for  which  it  is  valued 
as  a  marking  ink  for  linen  is  produced.  Moist  chloride  of  silrer 
rctaios  its  dazxling  whiteness  if  presencd  in  total  darknns.^,  but  it 
assumes  a  riolet  tint,  which  gradually  deepens  in  intensity  if 
exposed  even  to  the  diffused  light  of  day, — a  portion  of  chlorine 
being  lllierated  in  the  proc<;as. 

[KHz)  Photographic  I'rinling. — The  carlirat  experiments  upon 
tlie  produotiou  of  pictures  by  the  action  of  light,  appear  to  liave 
been  made  by  Thos.  Wedgwood  and  Davy  in  the  year  i8o3. 
Wedgwood  moistened  white  pii[)er  or  white  leather  with  a  solution 
of  nitrate  of  silver,  and  by  its  means  copied  paintings  on  glass, 
and  look  profiles ;  but  neither  he  nor  Davy  was  able  to  devt»e 
any  meaus  for  preserving  tlicM:  pictures  when  exposed  to  diffused 
light. 

The  subject  attracted  but  little  attention  until  the  commence- 
ment of  the  year  1839,  when  Fox  Talbot  nimle  known  [Phil.  Mag. 
vol.  xi.)  his  process  of  phatogetiic  drawing,  which  consisted  in 
soaking  ordinary  writing-paper  in  a  weak  solution  of  common  salt, 
and  when  dry,  washing  it  over  npon  one  side  with  a  solution  of 
nitrate  of  silver,  consisting  of  1  part  of  a  saturated  solution  of  the 
nitrate  with  6  or  t!  parts  of  water.  This  operation  was  per- 
formed by  candle-light,  and  the  paper  was  dried  at  the  fire  j 
in  this  manner  a  film  of  chloride  of  silver,  mixed  with  an  excess  of 
nitrate  of  silver,  was  formed  upon  the  surface  of  the  paper. 
Sup])osc  that  it  were  desired  to  obtain  a  copy  of  an  engraving,  or  of 
the  leaf  of  a  tree;  one  of  tbc  sheets  so  ^TC\tatcd  <««&  VioA 'o,'a&.i:t 
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ifacengnttBg  or  the  leaf  vUch  vwto  W 

filmed  firmly  Ic^etfacr  betweai  tm  fi^ta  e£  I^'K 

to  Uie  direct  nyv  of  the  MB,  or  c«m  to 

foiad  ot  halt  an  boat  or  as  boor.     1W 

va»  a  w;^iriF  one,  tlut  u  to  kt,  tL* 

I7    B^U,  aad   tlw    twhia  ky  ihulm 

Htrbce  vhicfa  had  been  espoaed  to  tW  •traaQB*  Bgbt 

dark :  in   iti«  half  tint*,  «bcrv  a  fcrfchr  fi^  kad    faaes  tnsp 

BiitttTiij  tlut  bhckdUBC  bHsae  Ibm  etidest;  asd  *fc*  ftm  00* 

tcafiooding  to  tlw  dMp  abadows  io  tbccagnriag  iCBMadvUtfc 

Tbe  pictnm  were  fixed  br  imoiendBC  tfcoB  m  a 

a(  conaon  Mlt.   CoomdawiAe  impmnamm  han 

into  dua  prooo*  uiee  it  waa  fine  pahBifce^  hat^  in 

tlii*   opcrmtion,  wbidb    baa    been  temcd  fkatpgrmfkie  prmtu^, 

retDaiiu  undiaDCad. 

A  rvTj  good  paper  Ibr  tlw  kind  of  pristing  nntf  be  oblifati 
a>  Ibltoaa : — Prepare  a  •dution  of  cUocide  of  ■^tj"'"  or  of  cUoolt 
of  nnmuoium,  cotOaiintig  10  ^raan  of  tbc  mXx  to  iscfa  oiiai« 
vater.  If  Freud)  fxiper  (wLicbiaaiaedwitb  sCarcfal  U  tabeiMel,il 
will  be  itDprotrd  hy  diaaoinog  1  gniu  of  gelatin  in 
the  tdutioo  of  aalt.  Poor  ti^  liquid  into  a  fiai  akaUow  dab,  atA 
having  cut  tbe  paper  into  [neces  of  a  coonouent  aiae^  take  a 
of  it  by  tbe  two  oftpoaiie  oomera,  aad  bring  it  down  npoa  At 
aorfwc  of  tbe  lolatioa,  w  tbst  tbe  middle  of  tbc  abed  dnO 
fine  moiatened ;  tben  lower  it  gndoalljr  toaarda  eacfa  oonwr  « 
to  ncladc  air-babblca.  After  tbe  lapM  of  a  minate  it  inaj  he 
removed  from  tbe  lolation,  mod  bui^  ap  to  dry.  lu  order  to 
render  the  paper  ecn-'itire,  prep&re  a  Eolution  of  nitrate  of  nher 
ooulaiiiing  50  graioN  of  nitnte  to  tbe  ottoce,  aad  lay  tbc  sbcet  tqaa 
tbc  surface  of  the  solutioD  in  tbe  same  manner  as  before ;  ia 
tkree  minute*'  time  tbe  sbi-ct  tnny  be  removed:  it'tDoat  be 
hy  one  comer  witb  a  pair  of  Creeps  tipped  with  ae»Iiog-wai, 
allowed  to  drain,  anil  baug  ap  to  drv.  The  »iltering  and 
most  be  performed  in  a  darlencd  room. 

Anotiter  acn»itire  paper,  which  i»  oUkxi  uaed,  may  bo 
by  forming  a  eolation  which  contains  So  grains  of  nitrate  of 
in  each  ounce  of  distilled  water,  and  adding  caustic  ammonia  outdi 
the  precipitated  oxide  of  silver  is  almost  redissolred :  tbe  ao) 
sJiould  be  preacrred  in  a  dark  place.  Tbe  paper, -having 
previously  salted,  ia  excited  by  brtisbing  it  over  witb  thia  aolnti 
by  mean*  of  a  pledget  of  cotton  wool.  The  paper  is  allowed  in 
dry  in  Ute  dai^,  ant\  tdLttM\&\i&  ^ai*A\uim!<^v%t>dv. 
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Tu  onler  to  protect  the  picture  obtained  upou  cither  of  these 
pajicrM  from  tlic  fiirilier  actiou  of  liglit,  it  in  now  usiia.1  to  iidopt 
tbe  method  introduced  by  Sir  J.  flcrsckcl,  which  cotuists  in  soak- 
ing the  picture  in  a  koUiIIoii  of  hyposulphite  of  »od« ;  tWut  t-tit  com- 
bines  with  the  undccomposcd  salt  of  silver,  and  rcuders  it  soluble : 
hy  washing  the  picture  for  tno  or  Uiree  hours  in  water,  which 
shouhl  be  frequently  changed  iu  order  to  ensure  the  thorough 
removal  of  the  Kidt»  of  silver  and  of  the  hyposulphite,  the  surface 
is  wcured  from  further  ehaoge  when  exposed  to  light. 

(883)   Talbalype,OT   Calolype   Prvcegs.—lo    1841,  Fox  Talbot 
took  out  ft  imteiit  for  the  very  beautiful  proceea  to  which  hia  unme 
has  since  beco  attached.    In  this  remarkable  opcratiau  the  surface 
of  the  iiheet  of  paper  i^t  coated  with   iodide  of  silver,  whieli  U  not 
sensitive  per  se  to   the  action  of  light.     Id  order  to  reitder  it 
scujutire,  it  i*  washed  over  with  a  mixture  of  nitrate  of  silver  with 
ga]lic  and  acetic   acids,  and  then  exposed  in  the  camera  to  the 
object  nhieh  is.  to  he  copied.     After  the  lapse  of  a  few  miuutcx, 
(the  time  required  varying  with   the   intensity  of  the  light,)  the 
paper  U  witlidrawu  from  the  camera.      Unleaa  the  light  Iiim  hceti 
very  strong,  no  image  is  visible,  or  a  mere  outline  only,  but  the 
compound   has   undugoue  a  chuuge  of  a  very  singular  nature, 
for  if  the  blank  ^hcet  be  protected  from  the  light  and  washed  over 
with  the  mixture  of  nitrate  of  silver  with  gallic  and  acetic  acida, 
on   genlly  warming   it  a  negative  image  appears  with  wonderful 
dLstinctucsK  and  Rdetity, — the  portions  which  have  been  exposed  to 
tbc  strongest  lights  assuming  the  darkest  tints.    The  development 
of    the  iniBgc    Jippcara  in   this  procu"  to  be  due  to  the  reducing 
agency   of  the  gallic  acid,  which  acts  more  rapidly  upon  ttiose 
portions  of  the  iodide  which  have  been  most  freely  exposed  to  tbc 
action  of  light.     This  dormant  picture   maybe   developed  many 
hours  or  even  days  after  it  was  produced,  if  the  paper  be  preserved 
from  the  light.     It  socma  as  though   the  light,  without  actmdly 
pnjdiicing  a  decomposition   of  the  particle*  of  the  argeutiue  com- 
pound upou  which  il  fulls,  gives  to  them  a  particular  condition  of 
unstalile   equilibrium    which   predisposes   them  to  decomposition 
when  acted  upon  by  a  rwlucing  agent  like  gallic  acid.      The  process 
may  be  conducted  in  the  following  manner : — 

1,  Preparation  of  the  Iodized  Paper. — ,\  sheet  of  smooth 
writing  paper,  such  as  that  mau  u fact u  red  by  Tumor,  of  Chalfonl 
MilU,  of  uniform  texture,  and  free  from  stains  and  spots,  is  pinned 
upon  a  boai'd  by  two  of  its  corners,  and  brushed  over  uniformly 
with  a  solution  of  nitrate  of  silver,  contuiuing  33  groins  oC  thft 
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salt  ill  »n  ounce  of  distilled  water;  tbe  solution  is  befit  applied  bf 
ititttnR  of  a  brtiah  consisting  of  a  flock  of  cotlou  vool  partly  inm 
tbrou<;h  a  ■^lats  tube,  wbici)  funui)he«  a  ronveiiie»t  handle:  itUit*' 
thi:  pupcr  1.4  still  moivt,  it  i*  immersed  iu  a  batb  of  iodide  of  potai> 
Biain,  containing  30  grains  of  tlie  iodide  to  an  ounce  of  dintiUd 
water,  tnking  cnre  to  avoid  tlic  occurrence  of  air-bubWcs.  In 
about  tiro  niiuul«s,  or  ae  kiou  an  the  jiajiL-r  liasi  acquin^l  a  unibmi 
ycUow  colour  tliroughout,  it  is  trausferred  to  a  resael  of  vater, 
wlicre  it  is  allowed  to  soak  for  two  or  three  liourM,  cliunging  the 
vitter  tbn-c  or  four  limes,  to  as  to  remove  all  the  soluble  salU: 
each  sheet  of  psjier  ia  then  to  be  hung  up  wiwrKtcI/  and  allowol 
to  dry.  These  operations  may  be  eouductcd  by  candle-light  or 
in  ditfufted  daylight.  A  stock,  of  this  pnper  may  ix  prepared  tat 
kept  for  use. 

s.  Ejrnling  /Ae  Pojht  for  the  Camera. — Wlieu  required  far  the 
camera,  prepare  i.  a  soUitiou  of  aceio-vitrate  of  silver  (coiiKittling 
of  50  graiiiH  of  nitrate  of  stilvcr,  i  ounce  of  water,  and  i}  dradn 
of  glacial  acetic  add],  and  3.  an  aqueous  solution  of  gallic  acid 
KDturaled  in  the  cold.  Add  3  or  4  drops  of  each  of  these  solutjoni 
to  I  drachm  of  distilled  water,  and  then  in  a  darkened  room  apfJf 
the  mixture  freely  with  a  pledget  of  clean  cotton  wool  to  the  si* 
vcred  surface  of  the  iodised  paper,  and  when  well  soaked  rcmon 
th«  superfluoiM  (rartion  with  a  Hheet  of  clean  blotting-paper :  the 
same  sheet  of  blotting-paper  must  not  be  used  twice  for  tlui 
purpose.  Whilst  still  damp  it  is  to  be  placed  betwecii  the  glasat* 
of  tlie  camera  slide.  It  will  retain  its  whiteueas  for  twelve  bonis 
or  more. 

3.  Expotwe  in  ihe  Camera. — In  order  to  take  a  landscape,  ■ 
sheet  of  Uic  prepared  paper  ts  exposed  in  tbe  focus  of  the  camera, 
and  after  a  lujwc  of  from  five  to  fiftccit  or  twenty  minutes,  acooH- 
ing  to  the  amount  of  light,  the  picture  may  be  withdrawn. 

4.  Dewlopment. — The  image  in  developed  by  brushin|r  the 
paper  over,  by  means  of  clean  eottou  wool,  with  a  mixture  of  eqial 
parts  of  the  »oliitiau  of  aceto-nitrate  of  silver  and  of  gallic  add. 
The  two  solutions  must  be  mixed  immediately  before  they  arc 
used,  as  tlicy  speedily  undergo  mutual  decomposition.  In  a  fe« 
minutes  the  picture  gradually  begins  to  appear.  Any  part  of  the 
picture  which  sccmK  wanting  in  dUtinetness  may  be  wa.*<h<>d  over 
with  fresh  solution  of  nitrate  of  silver.  I'be  development  sbonld 
he  elfected  by  candleligbt  or  in  yellow  light. 

-,.  F'Ting  the  ImpreMton. — As  toon  as  the  picture  ceases  to 
acquire  distiuctncw, '\l  w  \o  \» 'w<?\  ■•»sA\vi -sitlv  water,  and  im- 
mersed m   a  aataiuVcX  wWxvki  <A  \i-s\«i.>iijw.'«c.  ^A  *«&».  iss.** 
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'tint  of  the  iodide  of  silver  hos  dbsppearcd.  It  is  tlicn  to  be 
jud  thorotighlj*  fur  wvernl  lioura  ia  clenn  vAter,  frwiucntly 
^bg  tliii  water.  UaWi  nl)  traces  of  the  fayposniphilc  of  eitvcr 
Hioveil,  the  picture  will  ^riultiaDy  lose  it-i  inteiixitv.  Fox 
f  oriifitinll^r  employed  a  solution  of  bromide  of  potouium  for 
jr  thtw  jiictareii,  hut  the  h^pOHulphite  of  sotln  i»  to  he  jire- 
Whcii  dry,  the  photograph  should  he  waied  hy  placing  it 
two  aheetii  of  hlolttng-paper  saturated  with  irlntr  uttx,  and 
King  a  moderately  heated  Etnuothing  irou  orer  the  vhole. 
nlive  pictures  thus  ohurned  >iia,v  be  employed  to  furuiih 
prinU,  or  priute  with  the  lights  and  shaflows  as  they  occur 
lire,  by  Tidbot'a  origiual '  photifgeuic'  process,  or  hy  printing 
1  tcewnd  shoct  of  the  prepared  Talhotype  paper.* 
l)  Photography  on  Coflodioit. — An  imjiortiint  modification 
i>t'«  process  was  intnxhiced  hy  Mr.  Archer,  who  sub&titnted 
i  iodiwid  paper  a  tranit)>nrcnt  tilm  of  to<lizcd  mllodioit  spread 
»,  as  the  recipient  of  the  negative  picture.  Th«  process  is 
more  certain  and  very  iduoIi  more  rapid,  nt  the  saii:<* 
Jft  manipulation  is  Mmplilicd,  whilst  the  poeiticc  pictures  oh> 
traiikfcraice  of  the  negative  impreasioo  are  much  sharper 
outline.  The  operation  requires  to  be  conducted  in  a  man- 
nt  from  that  nhich  is  pmi'tined  when  ]>ftpcr  is  employed. 
[>wing  is  the  method  to  be  pureuod : — 
\Toprtparf  the  balk  of  nitrate  ofiiilrtT,  take  of  nitrate  of  sil- 
^ains,  dissolve  the  Milt  in  3  ounces  of  distilled  irater,  and 
[pain  of  iodide  of  potassium  diasolvcd  in  half  a  drachm  of 
Jien  add  drop  by  drop  a  solution  of  carbonate  of  potash  till  a 
h  permanent  turhidiiy  is  produced  ;  aftcrwartls  add  distilled 
Ir  natit  the  roisturo  measures  lo  ounces;  filter,  and  add  af 
ttns  of  glacial  acetic  acid.t 

3.  Prfportit'ifin  vj  Solution  of  CoUodion, — A  aolution  of  iodised 
fdtou,  which  in  suildhle  for  the  formation  of  negative  pictures, 
tta  prepared  as  follows  (Hardwich)  : — Take  of  rectified  ether 
B,  0725),    and  of  uleobol  (sp.  gr.  from   080,5  ^   0'Si5)t 

^■r  rurthirr  i)c(niU  iipoa  I1i«  fubjrct  of  plMt4>f;rai)hi';  prtoting.  A«.,  tha 
^m  rpfiTTi'ii  to  Hnrclwkli'»  M-mmtil ^ PiotograpJkk  C^fmutry. 
Vriliuary  nitnUi  of  silvi-r  ii  a^l  to  coaiaiD  a  trs«e  of  nitric  mind,  nhieh 
dsairslilt-  to  tuntXnlita.  m*  ui  »r:d  solutUin  it  Biaok  Ims  tvnsitire  U)  xhm 
fatf  liubt  tlian  ■  n<^itni)  odd.  It  in  »till  morr  tB)portsat,hoirrr<;r,nol  to 
^nr  ajkaJtnf  rmotKis,  aD<l  ■•  fiulioiuti'  of  ulrcr  u  >liKlitl>'  aotublu  in  ihif 
^Fi)>fi  11.M11  ,1',  ,\i'  Ki'.ii'i'  ur'i.l  in  inil>si'i|iiciiilT  ninOr.  lo  KVSnl  agninii 
H  1  iu!d(-rl  til  ontrr  lo  Mitirsle  tli*  t>slh  witk 

^Bi^!.:      .  II  ir>'r-<  it'it  tiikrii, Ui(> film of ioditpdmUodion 

^B^bMo  <>riilf*r,»iiiootlui«all  iaslsosoisv- 


each  4  fluid  ilrachms;  solub 
iodide  of  potassium  or  ammi 
2  grains.  First  dissolve  the 
pyTosylin,  and  lastly  the  eti 
them  aside  for  twenty-four  he 
which  will  retain  sufBcicDt  s 
eTeu  at  the  end  of  a  month  s 

3,  Preparation  of  the  Co 
of  this  solution,  a  pUtc  of  g 
camera  (after  being  washed  ■ 
from  grease,  rinsed  in  watei 
hand  kerchief),  ia  to  be  held 
portion  of  the  collodion  ia  tc 
the  glass,  aud  by  slightly  inc 
made  to  flow  complutcly  over 
solution  is  immediately  to  be 

4.  Exciting  the  Plate  f^ 
heeu  introduced  into  a  trough 
wide  to  allow  the  introdncti( 
collodion  is  spread, — the  prep 
the  film  has  been  poured  0 
solution  of  nitrate  of  silver 
it  is  thoroughly  impregnated 
drawn  from  the  bath  it  has  ai 
These  operations  must  be  ef 
admitted  through  a  yellow 
screened  by  yellow  glass  (890 

^,  Exposure  in  the  Camt 
mediately  introduced  iuto  tb 
to  be  exposed  to  the  object 
30  or  ^o),  according  to  the  u 
of   the    light.      The  slide  is, 


•  A  Bnitable  pyroiylin  for  this 
manner ; — Take  of  oil  of  ritrio!,  ap 
potash,  finely. powdered  aiid  dried, 
dried  cotton  wool,  60  graius.  Mil 
dually  stirring  betticea  each  addit 
SufTer  tho  mixture  to  tool  to  151: 
imall  tufls  at  a  time,  taklufr  care  ti 
Burfttce  ;  cover  it,  and  allow  it  to  a 
acid  with  a  glass  rod  aa  completely 
«  larRE  volume  of  cold  ^vuter,  and  ' 
well  in  water  for  aonio  hours  ;  lastl 
not  exceeding  100°  F.  The  Bubali 
a  mixture  of  ether  and  alrohol.  It 
acid  aad  to  the  temperature  emplo 
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ti  tiw  plate  when  examined  will  not  be  found  to  exhibit  any 

6.  Developing  (he  Image. — A  lattnt  itDagc,  however,  enivts,  and 
may  be  (Jevclopwi  by  the  ii»e  of  a  liquid  prepared  by  dissolving 
grain  of  pyrogallic  acid,  from  lo  to  20  miuim?  of  glueiiil  ueetio 
f'acid,  and  10  niinimii  of  alcohol,  in  an  ounce  of  distilled  water. 
Half  an  ounce  or  more  of  this  liquid  is  to  be  pimred  over  the  plute 
immediately  after  its  removal  from  tlic  cument.  The  negative 
image  which  is  thus  ^adualiy  developed,  will  he  more  intense  if 
immediately  before  using  the  pyrogiUlie  nolution  an  addition  he 
made  to  it  of  the  same  solution  of  nitrate  of  silver  as  is  employed 
in  the  buth,  in  the  projwrtiou  of  3  drops  to  each  dracbm  of  the 
developing  liquid. 

Tlie  exact  reaction  which  occurs  in  thia  remnrkablc  process  is 
not  known.  The  pyrogallic  acid,  however,  is  a  substunce  which 
bns  a  strong  teTidency  to  combine  with  oxygen ;  and  under  the 
conjoined  action  of  iodide  of  silver  and  nitrate  of  silver  (the  pre- 
sence of  the  latter  salt  in  excess  being  neccasary  to  the  reaction)  a 
portion  of  silver  is  reduced,  perhaps  in  the  manner  represented  by 
the  Rnbjoincd  »ymbolK,  in  which  P  reprcseuts  pyrogallic  acid  : — 


(1)     Agl     AgXO.P,  (3)     Ag     Ug       KO,P 


Unless  the  plate  has  been  exposed  to  light,  the  result  wouhl  be 
aoch  as  is  shown  in  No.  1,  in  which  no  action  is  represented  as 
ha\'ing  occurred.  In  No.  3  the  silver  is  represented  as  having  been 
liberated  upon  the  surface  of  the  film  of  collodion,  the  quantity  of 
iodide  of  silver  remaining  unaltered,  but  the  iodine  being  trans- 
ferred to  a  partiL'Ic  of  silver  previously  in  combination  with  nitric 
acid,  wbiUt  the  nitric  and  pyrogallic  acids  react  upon  and  decom- 
poae  each  other. 

Other  solutions  may  be  employed  for  developing  the  latent 
image.  One  which  answers  very  well  for  this  purpose  oonsists  of, 
— ciystallixed  sulphate  of  iron  from  12  to  20  grains,  glacial  acetic 
acid  20  minims,  alcohol  10  minims,  and  water  1  ounce.  It  is 
not,  however,  so  well  adapted  for  the  production  of  intense  nega- 
tives as  the  pyrogalbc  acid.  When  the  picture  is  sufficienlly  dis- 
tinct, it  must  be  washed  with  clean  water,  and  fixed  by  immersing 
it  in  a  solution  of  hyposulphite  of  soda  ([  part  of  the  salt  to  2  of 
water)  till  the  cream-coloured  iodide  of  silver  is  entirely  removed. 
A  solution  of  cyanide  of  potassium,  conttuoing  from  2  to  12  grains 
of  the  salt  in  an  ounce  of  water,  may  be  svilwt,\lDiUyl  fot  \V.»i  \vs\f»- 
nu/jphite  of  aoila  for  the  purpose  of  fix\ng  Hon  'wnftgc.     "VVvc  >j\«A.\a* 
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IB  again  to  be  thorouglily  wiutied  in  ctc«i  water ;  it  is  ftUood  I 
dry,  tbcn  heated  befoic  a  fire  until  it  feels  iJigbtly  warm,  smIi 
film  is  protected  from  mcclinnicid  injury  by  covering  it  witli  >  i 
of  transparent  apirit-vartiish  by  a  manipulation  similar  lo 
employed  iu  coating  the  plute  villi  collodion.  Tbi» 
photograph  may  then  be  employed  for  procuring  positive  pictn 
by  mean*  of  the  seuititivc  pajwr  prepared  nitb  chloride  oft 
upon  Fox  Talbot's  plan  (882).  By  rendering  the  collodion 
fectly  neutral,  the  nc»»itivcneMt  of  tlic  film  to  tlic  nction  of  1 
may  be  go  highly  exalted,  tliat  moving  objects,  such  la  the 
of  the  »ea,  or  a  crowd  of  people,  may  be  successfully  depicted  I 
the  instantaneous  action  of  light  upon  the  plate. 

(885)  Albiiminiztd  Plates. — Niepcc  de  St.  Victor  introdn 
the  employment  of  glasses  coated   with   albumen,    prc{»rcd 
beating  up  whitea  of  i-gg«  with  1  per  cent,  of  iodide  of  polaasii 
tlie  liquid  is  to  be  placed  fur   12  or   24   boura  iu  deep  veudvl 
become  dear,  after  which  tlie  supematatit  liquid  is  to  be  pou 
U|xin  gla&s  so  as  to  produce  a  uniform  layer ;  it  is  then  allowed  I 
dry  for  1 2  hour«,  and  i«  fit  for  the  butli  of  nitrate  of  silver, 
njiuixed  glasses  may  be  preserved  for  some  weeks  witlioot  ii^iiijJ 
thciy  may  l>c  excited  by  menus  of  Tulliot's  mixture  of  aceto-uit 
of  silver  with  gallic  acid  (HiS^).     l^ie  image  is  developed  by 
of  a  solution  of  gallic  acid,  after  the  plate  has  been  ex{>os«(I  in  ' 
camera. 

(8^6)  Photographic  Engraving  and  Lithography. — Jd  tlic  ; 
1827,  Niepoe  published  a  process  for  obtaining  pictures  by  thei 
of  light,  the  basis  of  nrhioh  was  the  fact  tliat  the  bitumen  of  Jt 
ivheii  ex[H)i>ed  to  the  suu's  rays,  becomes  insoluble  in  oil  of  I 
dcr,  whilst   those  purts  which  have  rcmsincd  iu  shadow  pr 
their  •olubility.     This  process  has,  with  some  modificatioo, 
applied  by  Niepcc  dc  St.  YJetor,  the  nephew  of  the   iuvcntor, 
tlie  production  of  engravings  upon  steel.     Powdered  asphalt  sndl 
proportiou  of  pure  bccsvrax  are  dissoUcd  in  oil  of  laM-ndcr, 
then  mixed  with  an  niiial  volume  of  benxol.     llic  nurface  of 
Ktvcl  pUtc  which  is  to  be  engraved  ts  first  carefully  cleaned 
whiting  and  wiiter,  after  which  a  solution  of  hydrochloric  add 
30  parts  of  water  is  poured  over  it,  and  the  plate  is  immcdist 
washe«l  and  dried.     The  solution  of  bitumen  is  then  poured  n^ 
the  pUtc  in  a  darkened  chamber,  and  dried  by  the  application  1 
a  gentle  beat.     A  good  jumltvr  photogriiphio  proof  is  now  ajiplie 
to  the  surface,  covered  with  glass,  and  exposed  for  a  sliurt  time  1 
tlie  action  of  dtHuwyVYvj^A,    Tivt  u^yM^d  ijUte  is  next  subj« 
to  the  action  ot  »  mxivntc  ^>^  "i  \«t\»  tA  ^wfeSwfc.  vAj^dSSta^  ,«ji.  \  < 
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l)ci\zo1;    the  parts   vhiclt  bave    not   been   espoecd  to  liglit  are 
gradiinlly  acUid  upon  l>5  this  mixture.     When  the  proceKH  of  solu. 
tion  has  proceeded  far  enough,   the  Bolrcnt  is  vashod  off  with 
•water,  atid  the  cxpos'cd   piirlK  of  the  plate  are  '  hitten  in'  with  a 
mixture  of  I   measure  of  nitric  aeid,  sp,  pr,  1-33,  3  mcnwircjs  of 
alcohol,  «p.  gr.  0'844,  and  8  meamires  of  walcr.     The  plate  is  then 
submitted  to  the  ordinarr  proceines  employed  in  aquatint  engraving. 
An  importnnt  modifiaitioii  of  a  procc»«  proposed  hy  Foitorn 
for  producing  litho£raph&  hy  the  aid  of  photography,  has  been  in- 
trodnccd  hr  Mr.  Osljornc  of  Melbounie.     The  hasi«  of  this  opera- 
tion is  the  observation  that  a  mixture  of  bichromate  of  potash  and 
gt'latin  whcTi  exposed  to  light  becomes  insoluble  in   water.     In 
order  to  apply  this  to  practice,  Mr.  Osborne  coata  a  sheet  of  smooth 
paper  with  albumen,  and  subjects  it  to  pre-saure  agaiii.tt  a  surface  of 
I  polished  raetrd  ;  he  aftern  arda  coats  it  with  a  solution  of  bichro- 
bnstc  of   potn«h  in  gelatin,  nnd   again    subjects   it  to  preimure. 
B^eae  operations  are  conducted  in  a  room  illuminated  by  yellow 
light.     Paper  thus  ptcpnrcd  may  be  prewn-ed  unnltored  for  u  long 
time  if  excluded  from  light.     In  order  to  use  it,  a  negative  picture 
prepared  in  the  usual  way  is  placed  over  one  of  these   sheets  of 
cliromate  iKijier,  and  enposed  fur  a  few  minutes  to  a  good  light, 
with  the  precautions  usual   in  photographic  printing.     Owing  to 
the   {utrttal   reduction  of  the  chromic  aeid  in  the  parts  cxpoaed  to 
light,  a  positive  picture  will  now  Im;  ohtaincd,  the  parts  acted  on  by 
light  becoming  hroirn,  whilst   the  ftcreeucd  [tortiona  retain  their 
original  yellow  colour.     When  the  picture  thus  produced  is  placed 
in  water,  the  unchanged  portions  are  easily  washed  away,  leaving 
the  altered  ])ortions  attached  to  the  paper.     In  iM-actice,  it  is  found 
b«t  to  cover  the  whole  surface  of  the  picture  with  a  coating  of 
lithographic  ink,  and  then  float  the  back  of  the  paper  npon  Iwiling 
water.     After  soaking  for  a  short  time  the  .■•urfiit-'e  may  be  sponged, 
and  the  acrecned   portion  may  be  completely  removed,  leaving  a 
beautifully  defined   positive  impression   of  the  negative  picture. 
AAer  washing  it  with  boiling  water,  the  design   is,    by   means 
of  prcwurc,  transferred  to  the  lithographic  stone,  and  the  print*, 
which  niuy  be  ohtaiiial  from  this  transfer  in  the  osuat  way,  arc 
remarkable  for  their  shiiqiness  and  detieaey. 

Very  nearly  at  the  same  time  as  >Ir.  Osborne,  Sir  H.  James 
made  an  independent  application  of  the  bichromate  process  of 
Aauwr  of  Amsterdam  to  zincography.  The  licjuid  which  ho  uses 
consists  of  a  mixture  of  2  mcnsurcK  of  n  solution  of  bichromate  of 
potash  (ftaturated  at  the  boiling  [toint)  with  1  meafure  of  a  solution 
^  J  ^erts  of  gum  orabic  in    4    of  <nate«,  ^aiV  \\ifc  XxwesjSsh  N* 
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1.  Polishiitff  the  Plate. — For  this  purpoK  a  polUhcd  sheet  of 
ilatcd  copper  in  ukeii,  iind  cleaned  hy  nibbing  it  over  (imt  with 

ely  powiicred  tripoli  on  a  pledget  of  cotton  moistened  with  a 
:w  drop§  of  alcohol,  ami  afterwards  with  dry  cotton,  until,  when 
kreatlicd  iipun,  the  metal  assumes  a  uniform  dull  surface,  from 
hicU  the  cloud  disuppimri  without  showing  auy  ]]»tclieii  or  Apota ; 
iter  this  the  plate  is  carefully  polished,  by  meaus  of  a  long  poHsh- 
ng  board  faced  with  buckikiii.  If  this  preliminary  opi-r:tlioii  be 
lOt  carerully  performed,  the  Buhscqucnt  steps  will  not  lca<l  to  any 
.tisfactory  result;  the  touch  of  a  Origerupou  the  polished  tiurface 
sufficient  to  soil  it. 

2.  lodiziny. — The  plate  is  next  exposed  for  ft  few  miiiutea  to 
tlie  vapour  of  iodine,  till  a  thin  yellow  film  is  produced  uniformly 

iv&t  the  surface.     ThiM  ojierntion  should  be  performed  by  candle- 
Hight,  or  in  a  room  furnished  with  a  window  supplied  with  yellow 
glass;  the  plate  must  btr  proteclcd  from  diffused  daylight. 

3.  Exposure. — If  auch  a  plate  he  exposed  for  a  few  minutes  in 
the  foeus  of  a  double  achromatic  lens,  adjusted  to  a  camera  ubsrnra 
in  such  a  manner  that  tJie  ima^e  of  the  object  to  be  copied  shall 
fell  upon  the  iotlized  Burfoce,  it   undergoes  an  alteration   which, 

iwcTcr,  is   not  perceptible  on  witlidruwing  the  plate  from  the 
lera. 

4.  Devehpment. — But  if  the  plate  be  exposed  for  a  few  minutes 
■to  the  vapour  of  mercury,  heated  to  about  140"  F.,  the  Intent  image 
gradually  appears,  with  all  the  shiidowa,  light*,  and  half-tints 
faithfully  rei)roduced.  Much  of  the  success  depends  upon  the 
proper  length  of  exposure  to  the  action  of  light,  and  iu  this  respect 
practice  is  the  best  guide ;  if  too  short  a  time  be  allowed,  the  pic- 
ture is  dark  and  indistinct ;   if  the  light  has  acted  too  jiowerfully, 

sliwlows  become  metallic  in  appcarauce,  and  ill-defined  ;  »u<l  if 
>B  action  be  continued  for  a  Kulhcictit  length  of  time,  the  picture 

imcs  reversed,  or  negative,  the  shadows  in  such  a  case  bdng 
represented  by  tights,  and  the  lights  by  shadows.  Adueexposnre 
to  the  mercurial  vapours  constitutes  an  important  part  of  the 
operation  ;  for  if  tbis  expoourc  he  iusutlictcnt,  the  whites  Itave  a 
blaish  east,  and  if  it  be  too  long  continued,  the  blacks  bccom« 
indistinct  and  miity, 

Mr.  Goddard,  in  tlie  year  1841,  diseorcred  that  the  iodized 
plate  may  be  rendered  very  mucli  more  sensitive  to  the  action  of 
light,  by  exposing  it  for  a  few  seconds  to  the  vapour  of  bromine,  or 
of  chloride  of  bromine,  so  as  to  obtain  a  raised  film  of  iodide  and 
bromide  of  silver,  or  of  iodide,  chloride,  and  bromide  of  silver. 
Tiic  iiroccM  thus  WAS  rcudered  &p^UcaXiV«  Xo  \iCittTuNA,  viA  "daK 
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operation  conld  be  accon]))li:^hei)  in  «»  many  sccouils  am  it  UAa 
required  mmates.  Tlie  usual  {tractice  aovr  b,  after  liaving  o\*mi 
un  orim^vcolourcd  film  by  cxpMurv  of  the  i<ilvcr  plate  totb 
vapour  of  io<Uue,  to  e:((>0M2  it  to  tlie  fum«i  of  brouiiiie  from  bninili 
of  lime,  uDtil  tlic  6lin  usumcs  a  nwe  voloar ;  alter  wblc^  it iii 
secoutl  lime  retiiniol  to  tbc  iodine  box  for  a  period  equal  to 
third  of  that  ooiupicd  by  tliu  first  i<Kliiiug.  The  plate  U  thet' 
poaed  in  ihe  canicnt,  after  irbicb  it  is  merctinalized. 

In  order  to  lix  llxvc  picture*,  Diigitcrrc  cmplaycd  a  solution  tf 
hrpoE>u)]>liile  of  t^oita,  and  then  wash«tl  the  pluti^  viitli  water.  Tit 
effect  of  the  DagucrrGoty])c  m»y  be  much  improved  by  ^ding  lim 
hy  tho  prooess  of  Fixeaii ;   tbcy  arc  thus  rendered    le««  I'ahU  ta 
iiiechunica)  injury,  aud  ii  rivher  and  a  warmer  cScct  is  given  tolls 
impreBsioii : — for  this  purpose,  i  part  of  neutral  chloiide  ot  ptil 
and  3  parts  of  hyposulphite  of  soda  may  be  dissolved  in  joo 
of  water;  the  philo  having  been  placed  in  a  hurizcinUit  posi' 
to  he  completely  covered  with  a  small  quantity  of  this  li<]uid, 
the  plate  is  heated  by  a  large  spirit-lamp  flame  until  xmaJI  bubbia 
appear  on  its  surfaec.     A  thin  film   of  reduced   gold  in  xbivn 
down  ail  over  llie  pieture,  and  by  thiK  o|>emtion  the  ahadowsm 
deepened  and  the  lights  rendered  more  brilliant.      It  must  ttm 
he  washed  with  ili^tlillo'l  water,  dniiiii-d,  and  dried  by  the  api 
tion  of  a  gentle  heat  to  the  bock  of  the  plate. 

The  following  theory  may  i>e  olTercd  in  explanation  of 
changes  which  occur  during  the  production  of  the  Da^e 
iiiiage  :■ — t'mler  the  iiillnence  of  light  Ilie  vuperfiuial  layer  of  iodii 
of  silver  is  modiHod  so  as  to  render  it  susceptible  of  decompusiti 
When  the  plate  in  acted  upon  by  the  mercurinl  vapour,  the  io< 
is  driven  to  the  deeper  layer  of  tiilvt^r,  and  a  film  of  silver  is 
rated  upon  the  surface  of  Uiosc  part*  which  have  been  e\ 
the  action  of  light,  the  thickness  of  this  film  varying  wi 
iulensity  and  duration  of  the  light.  The  reduced  silver  combines 
with  the  mercury,  and  a  film  of  silver  amalgam  is  formed,  whiidt 
varies  in  thickness  witli  the  thickness  of  the  silver  fUm,  in 
qucocc  of  which  the  reflected  tints  differ  according  to  the  myinf 
^_^  thickness  of  this  film  :  those  parts  of  the  iodiicd  plate  wltiek  hare 
^H  not  been  exposed  to  the  light,  of  course  do  not  combine  with  the 
^^  mercury.  After  the  plate  Iiils  hccu  treated  with  hyposulphite  d 
I  soda,  the  excess  of   iodide  of  silver  is  removed,  and  tbo  Uaefa 

I  consist  of  metallic  silver.     Experiment  prorcs  that  tboae  part*  ol 

I  the  plntc  iniDiediately  iKneath  the  highest  lights  arc  moi«  Aeefij 

I  orroiled  ibun  l\w  ci\)b«r«  Vvj  \W  wA.iKi<a.  t^C  the  iodine,  which  fcw 

B  been  driven  \a««Ln\&  iunxi^  "Ct^t  vkwo»  tA  tusiK^'cukiaMaj^sB.. 


>aoT(KiKArato  action  of  the  priuiatic  spbcritvu.       811 

cuwplete  accordance  irltlt  tlie  for^oiDg  explanation,  U  a 
bet  fiKl  jminU'cl  out  by  Mr.  Stiaw,  tbftt  if  a  plale  after  it 
lintl  thfl  iinprcA^ion  in  the  camern,  but  Iwfore  it  hks  \Km 
Kliud,  be  iipoMtl  to  the  vapour  of  iodine  or  of  broRiiii« 
wcood*,  tlic  iiunge  ii*  voatpletdy  cffiiccd,  nnd  is  no  luugcr 
lie  hy  mercury. 

aurfaco  of  tlie  plate  is  rendeivcl  unm-cn  by  tbc  conihiunl 

of  li^bt  Bud  mercury  upon  it,  so  tliat  it  admits  of  being 

by  tfav   piitoeas  of  electrotypiiig  (^74).       Imprcssioiii  oa 

ve  lieeii  printed  from  an  etched  Do^uerreotype  plate,  the 

being  produceil  by  diluted  nitric  add,  nlucb  nttackt  ibo 

(the  reduced  silver),  and  leaves  the  ligbta  (the  ainalgiini) 

Bed. 

1)  Action  of  {he  Solar  Spectnun  oh  Photographic  Bodif*. — 
solar  8]>cctrum  bo  itllovred  to  fall  npoti  a  sheet  of  senai- 
LT,  prepared  by  iraahiug  it  over  first  with  common  Ptalt, 
I  witJi  nitrate  of  silver,  it  will  I>c  speedily  uppareiit  that 
Ifiniica)  artiim  is  not  uniformly  di»tributed  over  the  luminoui 
Tho  maximum  of  light  lolU  in  the  ydlov  raya  altout 


ifer's  line  »  (fig.  350),  wbilNt  tlie  masimum  of  elicmtCBl 
in  the  blue  jioniun  of  tho  ajicclnim,  ni-^r  tlie  line  o, 
third  of  the  dittancc  between  it  and  the  line  tl.  Tbo 
eflect  generally  extend*  aa  far  on  r  in  the  grtm,  whil*t 
bcyoud  the  violet  end  of  iIk  ■pectrnro  to  adtitaoce 
gtud  to  two  thinl*  of  the  length  uf  the  luminoua  apednun, 
lucal  effect  gradually  thading  off  until  it  bocoroca  impcrcep* 
^e  maximum  point  of  uaiun,  however,  TOrie*  with  the  pm- 
which  is  used.  Wlieu  tite  Tal)>ol)r>e  iodiitnl  paper  is 
),  the  maximum  bbekcrting  is  fuiuid  uo  the  ntrenie  limit 
rays.  Where  the  bromide  of  silver  form*  th«  senai< 
J,  tlic  chemical  action  is  ixolongeil  into  tbe  red  rvf. 
Iter  part  of  the  iinpruaaion  is  of  a  nntJona  grey  Waek, 
waahcd  with  chloride  of  gold  ia  employed  aa  the 


842 


INACTlVr.  SFACKI  IK  THE   SrECTSUM. 


fiitive  Borfncc,  the  maximum  cflTccf  is  produced  bc-tneeti  tlie  | 
uod  the  bltic  rays,  aitd  tlic  clieinical  actiou  does  uot  extend  I 
the  violet  extremity  for  more  tliao   Jialf  the  distance  OTCf 
tltcke  effects  are  produced  upon  the  salts  of  ulrer.      In  fig.j 
I  rcpreeenta  the  sjiacc  occupied  by  the  luminous  sptjctrum  on  i 
jiajXT ;  2,  the  Muic  spectrum  thrown  ou  a  fluurcMoent  screen, ' 
turmeric  paper, — by  which  it  i«  rendered  visible  almost  to  thco' 
trcmc  limit  of  eheniical  actiou  ;  -j,  tbo  ciieniical  »pt-otnim  on  bo- 
midc  of  silver;  4,  the  Talbotypc  spectrum.      Ilcr&chcl,  UuDt,tDJ 
¥..  BcciiiK-rcl  )iitve  each  cuececded  more  or  tests  perfectly  in  obUo- , 
ing  coloured  impressious  of  the  spectrum  upon  chloride  of 
but  tiiey  have  been  unable  to  fix  thcui.     Hersdiul  (PAH. 
]  840)   says  that  the  impression  "  was  found  to  bo  colonred  «i4 1 
sombre   but  unequivocal   tints,   imitalitig  tliONe   of  the  spectnn 
itself."     The  coloration  commeuccd   in  the  orange  rays.     Bo- 1 
ijuerel  apiicar*  to  hare  obtained  more  brilliant  coluurs  by  eoifla^j 
ing  a  jiliitc  of  silver  which  bad  been   superficially  couvcrUd  tula  I 
Hiibchloi ide  by  immerHiiig  it  in  diluted   hydrochloric   acid,  oA] 
then  makiug  it  the  positive  plate  of  a  voltaic  battery. 

Inactive  «pncc«  occur  in  the  chemical  tipectrum,  which  oot<1 
respond  exactly  vitb  those  which  are  found  in  the  visible  spcctnuij 
hut  they  extend  nlw  into  the  prolongation  Ix^ond  the  violet 
trcmity,  and  occur  there  in  great  nnmber.  Thcue  fixed  lii 
be  obtained  ujiou  TiiUmtype  paper,  or,  still  better,  upon  a 
of  collodion,  iu  the  following  manner: — 

Fio.  351. 


Let  SB  (%.35i),  represent  a  shutter  of  a  room  which  can  he  ren 
ilered  completely  dark  ;  o  is  an  opening  or  slit  ofaWut  ^'ptbof  1 
inch  wide,  thron^V\  wU\ch  a\w«ra  vt<  ■•kAm  Ui^iV  i«  reflected  by  a  I 
sl«t  m,  or  from  a  mVtTW.&c  ».'tt^«S,'"'«»^'«»'^««-  w-'i  -siuwto.^ 
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from  within  the  roorot  l  is  »  looa  of  from  3o  to  30 
cal  length  ;  f,  ft  pmni ; — the  lens  and  priun  luft;  bo 
;Um  fpcc  from  strire,  but  they  arc  best  oonstnictcd  of 
al :  tlie  dittsiirt!  of  1.  from  the  uperturc  '»  eqiuU  to  twice 
eagth.     If  the  prism  be   placed  so   w  to  produce  the 

dcviBtton  of  the  raj,  tiiul  m  clow  lo  the  lens  as  can 
c,  «hich  is  at  as  great  a  distance  behind  the  Iciis  l  as 
at  of  it, — a  upectral  image  of  th«  aperture  will  be  formed, 
be  received  upon  a  Ecrcci).  All  the  conrscr  lines  of  the 
tctrum  niaj-  be  tntced  by  the  unaided  eye,  when  the  *pcc- 
reoeircd  on  a  screen  of  white  paper :  and  if  a  ^cet  of 
paper  be  used,  many  of  the  line*  beyoud  the  violet  are 
n«d  visible  :  by  substituting  a  sensitive  surface,  such  as 
Jbr  the  Kroeti  of  white  pnpcr,  a  faithful  copy  of  these 
be  (>btMnod. 

nmarkable  that  tbc  chemicaJ  rayti  appear  to  be  identical 
)  which  prodncG  fluorcsceivce  (104).  If  the  solar  rays 
ittot  through  a  layer  of  a  coQcentrated  but  ralourlen 
f  sulphate  of  quinine,  no  cxtra-s)ieclral  prolongation  of 
U!tioa  ia  produnxl  when  this  light  is  allowctl  to  fall  ui>on 
I  Burfaoc.     Ity  varying  tlie  source  of  light,  the  chemical 

the  spectrum  are  varied  alto.  Tlie  chcmieal  iK:tiun  of 
of  the  hydrocarbons,  however  intense  the  light,  is  but 
at  of  the  lime  light  ix  miieh  mut-c  marked,  while  that  of 
c  light  between  charcoal  [luints  gi-catly  surpasses  either ; 
reaults  coincide  exactly  with  their  relative  {lOwcr  of  exciting 
nena  of  fluorescence. 
n  and  Kohiyjc  {I'M.  Trana.,  1857,601}  have  madecxperi- 

tbe  absorbciit  power  of  chlorine  upon  the  chemical  rays 
rt  the  combination  of  a  mixture  of  chlorine  and  hydrogen, 
lltal  when  light  passes  through  a  medium  in  which  it  »• 
tiical  action,  a  quantity  of  light  is  absorbed  pro|K>rtiotuil 
mical  effect  produced.     Thus  the  chemical  power  of  the 

coal-gas  flame  of  a  certain  intensity  measured  by  its 

procluoing  the  conibinaliun  of  chlorine  with  hydrogen 
to  be  reduced  to  ,'.th  when  transmitted  through  a  column 
)  iS'833  inches  in  depth ;  if  the  chloHue  were  diluted  with 
olume  of  air,  the  length  of  the  column  required  to  pro* 
ular  alnorption  was  exactly  double,  or  I3'(^4  inches, 
ft  mixture  of  equal  volumes  of  chlorine  and  hydrogen 
the  depth  of  the  mixture  which  was  required  to  reduce 
cal  cileet  of  the  light  to  y't.th  <^  its  original  inteuaity 
L13  inches:    thus  it  appears  that  a  certaio  quantity 
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of  the  actiTC  n;s  arc  atuorbed  iluring  the  production  of  ■  gim 
chvTnicnl  efiixt. 

\Yith  liglit  from  ilifTfinrnt  souroea  aii»logou!i  result*  wercct 
taincd,  but  tbc  amount  absorbed  Wits  fuuiid  to  raiy  with  tite  Kxntl 
of  the  light.  TluM  the  dtfriu-ted  xfiitth  light  of  a  clondlesa  tJtjk 
the  tnomiiig  u-a§  reduced  to  ^\th  of  its  intensity  by  traDHnisnB 
through  i794in<'he!t  nf  chloriiid,  and  thmugh  2*^94  inches  of  ami- 
ture  of  cbloriuc  and  hydrogen;  the  absorbent  action  of  chltHioe  B|ni 
the  chemirni  rny^  of  diffused  daylight  iM^iiig  much  more  eacrgefic 
than  upon  those  of  coal  gas.  OhscrratioDS  made  with 
light  (thowctl  that  a  depth  of  0776  iiiche«  of  chloriue  was  aui 
to  reduce  the  cliemical  power  to  i*,th  of  that  poascMcd  by 
cidcut  light.  Tbc  rdativc  ihickne**  of  the  stratum  of  ch 
required  to  re<luec  tlte  chemical  power  of  tbc  incidctit  G^ 
WM  therefore  the  following: — 

loeba. 
A  Hump  of  c"nl  gu 6Stt 


KeSfftcA  irnitli  Ii}(tit  (morning) ''794 

ItL-tlectLsJ  Eviuth  light  (eTcaiag) o'7'^ 


(89c)  It  irns  stated  more  than  50  year*  ago  by  Rittcr,  and  tbr 
obeervation  Itas  been  confirroed  and  extended  by  llcrschcl,  that  ihc 
two  rads  of  the  spectrum  produce  opposite  cbemicnl  effects,  tbon^ 
the  violet  eitremiiy  appears  greatly  to  predoniinafc  in  power.  It, 
for  example,  paper  voaked  in  nitrate  of  silver  )>e  jiartiNlly  blackrad 
by  expnaure  to  diffused  daylight,  and  then  subtntttecl  to  tlte  aetim 
of  the  solar  Hpeetnini,  the  piirtimi  upoit  which  the  violet  end  falls 
Hpectlily  Wcouiea  much  darker,  while  the  portion  beneath  Uie  ted' 
rays  assumea  a  brick-red  hue.  If  tlie  *pcctrum  be  thrown  ttpow 
white  pftjier  coated  with  nitrate  of  silver,  and  diffused  dayligbl  bQ 
allowed  at  the  Nime  time  to  fall  upon  it,  the  spot  whuro  the 
rays  fall  retains  its  wliitenees,  while  the  rest  of  the  paper  speedily 
darkens.  It  thus  ajjpears,  that  by  combining  tbc  inSuence 
two  my*  of  diiferent  rcfrangibilitiea,  effects  are  producible  wluel 
cannot  be  obtained  by  either  ray  separately. 

Blackened  nitrate  jHiper,  if  washed  over  with  a  solution  of  todiA 
of  potassium,  becomes  gradually  bte^cbcd  when  exposed  to  diffuse 
daylight.  If  the  solar  spiwtriim  be  allowed  to  fall  upon  papci 
thus  prepared,  whilst  moist,  and  before  it  has  become  bleached,  tiM 
jiuri  heiieath  the  viuU-l  end  is  quickly  blciiehed;  but  this  effect  i: 
bounded  by  a  sharp  border  in  tJie  yelkiw,  while  the  paper  nodei 
the  red  end  becomes  darker.  The  phenomena  of  phospboresceaei 
also  exhibit  similuLt  o\t^xn>i.i.vnv\'atV«  «SeictA  produced  by  tbv  opposed 
citrcroitieft  ol  tiic  ^poAxuta  V>^V 
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Claudet  (PAJ/.  TVatu.,  1847)  fuund  that  an  iodued  Dagiicmio- 
type  [ilatv,  whca  submitted  iu  tlic  fuciis  of  u  caniern  to  the 
red  image  of  tlie  sun  as  ticK!!)  tbrougli  a  Loudon  fog,  became  sub- 
(e(|uciitly  wliitvtiud  on  exposure  to  the  vapour  of  mcrcurv,  in  all 
Hurts,  except  in  the  track  traversfid  liy  the  image  of  the  sun, — this 
portion  contiuuud  perfectly  black.  In  another  experiment,  n  plato 
■vras  covered  with  black  Vacc,  arid  exposed  to  difTuaed  daylight; 
after  a  fw  minutui'  exposure,  one  half  of  the  plate  wm  covered 
yriili  an  opaque  screen,  the  other  half  with  a  red  glass,  and  the 
exposure  nos  continued  for  a  short  time:  in  the  mcrcurj'  box  the 
red  half  coutinued  black,  whilst,  on  the  other  portion,  the  image  of 
tlie  liicc  was  distiuctly  traced.  The  photographic  effect  at  first 
pjrodoccd  over  the  whole  plate  had  in  fact  been  neutralised  by  the 
red  glaM.*  A  plcasbg  variation  of  the  last  cspt-riratnt  waa  made 
liy  exposing  au  iodiiced  plate  to  liiffuBcd  itaylighl,  then  covering  it 
Willi  a  piece  of  black  lace,  and  screening  it  with  a  red  gla»» ;  a 
nc^tive  picture  wait  now  developed  in  the  mercury  box,  the  red 
E^u*  having  destroyed  all  photographic  action  except  on  those 
narts  Acreeued  by  the  Uicc.  Orange  and  yellow  glai-ses  give  similar 
results.  After  exposing  a  plate  to  daylight,  and  then  submitting 
it  to  the  action  of  red  glass,  it  again  hL-eomes  sensitive  to  light,  so 
that,  as  Clandct  observes,  it  i*  no  longer  needful  to  prepare  the 
plates  in  a  dnrk  chamber,  siucu,  if  placed  beueuth  a  covering  of 
Eed  glass,  they  arc  always  ready  for  immediate  use, — even  though 
■uhtequeuUy  to  their  prepitratioa  they  may  have  been  for  some 
time  exposed  to  solar  light. 

But  though  the  rod  and  yellow  glasa  hare  the  power  of  com- 
pletely eountcractiug  the  etfi:ct  of  the  radiation  of  the  more 
refrangible  ray«,  they  have  a  pecidiar  cffcet  of  their  own.  The 
neutralizing  power  of  the  red  ray  is  exerted  more  slowly  than 
the  photographic  cfTect  of  the  while  light,  uearly  in  the  pro- 
portion of  100  to  1  i  that  of  the  yellow  ray  was  found  to  be 
about  10  to  I. 

From  the  .foregoing  remarks,  it  la  evident  that  the  colour  of 
objects  mtist  exert  a  material  iiitluence  upon  the  nature  of  the 
photographic  images  produced.  Reds  and  yellows,  from  the  want 
of  chemical  energy  in  the  less  refrangible  portion  of  the  spectrum, 
will  be  characterized   by  absence   of  photographic  action  in  the 


*  It  must  be  borae  ia  mind  that  all  roralts  obtainrd  1>y  coloured  tncdiii 
■ro  linbUt  to  ambii-uily,  for  it  srliiom  hnpj)ens  &M  thi-  liehi  Irauamltted 
'tbiouKh  them  it  lioino((eDK>u«  (loi) ;  the  cnccta  are  liable  to  boromF  rompli- 
Ml«d  tfom  th(<  inlormixlnrc  of  reviilta  proiluucd  h^  n,^»  fima  4^istev\  ^kYml 
t)ftb0  fpcetrua. 
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image,  and  w\\\  he  ruprt»eiitcil  by  blick  spots,  which  often  pradaoi 
xingaliur  dialijfuireiueut  in  portraits.  Yellow  freckles,  for  iiuUact 
on  the  eUin  of  tlw  facv  xre  accurately  copied,  hut  ttrc  dtpide 
in  tlic  portrait  as  black  spots.  Much  judgmcut  and  kuowledg 
arc  therefore  required  in  »«lecliiig  «  droKt  of  n  colour  whkb  i 
adnpted  to  produce  s  suitable  depth  aud  contrast  of  tint  in  th 
photograph. 

(8yi)  Action  of  the  Sotar  Sp^ctrvm  on  Vegetable  Cdmn.— 
This  subject  has  been  {larticulBrly  examined  by  HerHchcl  {Phi 
Tran*.,  1 841).  White  paper  coloured  with  various  vegetable  jui« 
was  subjected  by  bini  to  the  influCDCe  of  the  prUiiintic  spcctmni 
and  in  some  cweN  tLe&e  papers  were  washed  over  with  solutions  a 
metallic  salts.  The  following  are  the  moat  important  general  coa 
dtuions  which  may  be  drawn  from  these  cxpcrimcuts : — 1.  Thil 
the  action  of  light  is  in  atmo»t  all  caMs  of  a  luiture  to  oblitcrat 
the  colour ;  or  if  it  does  not  entirely  bleach  it,  a  faint  residnal  tint 
is  left,  uj)ou  which  it  lias  little  further  actioiv.  The  older  tli 
paper  or  the  tincture,  the  more  decided  is  this  rcndual  tint,  whi(i 
is  pn>bably  the  result  of  an  uxiilixing  action  upon  the  coloi 
material,  indcin^ndeut  of  the  action  of  light.  2.  Tlie  nctioQ 
confined  to  fuminoit»  rays  of  the  s^K^nim, — olTering  in  this  resii 
a  marked  difference  between  thew  actions  and  those  prod 
«[»u  the  metallic  compounds.  3.  The  rays  which  are  moet  eSecti' 
iu  destroying  a  given  tint  are  in  many  cases  those  which  are  coi 
plementary  (101)  to  the  tint  destroyed.  Orangc>TcUows,  ft 
insuncc,  are  bleached  niont  powerfully  by  the  blue  rays:  blues 
the  red,  orange,  and  yellow  rays;  and  purples  aud  pinks  by 
yellow  aud  grocn  rays. 


CHAiTER  XIX. 


pV    TUB    U£T£HUINATIOX  OP   TBK   COMBINIXa    KrUBKBS   Oft    ATOMH 
WKtOUTS   or    TUK    ELBUCNTABT    DODIKS. 


(893)  Aid  derived  from  Anaiytii  in  fixing  the  Combining 
ber  0/  a  Body. — ^I'he  delermination  of  the  conihining  number  ofl 
body  is  an  operation  of  great  delicacy,  and  often  iuvotvea  nuu>) 
very  difficult  ciuestions.     Tlie  fTnt  object  of  the  chemist  ts  lol 
select  some  com^waA  o^  Wc  «\cnv>r.'o.'u».Tj  V^A-i  %\id«n  «i.atuinst>o%j 
the  composition  oC  -"VVdv  »  XoVt^VX-j  wto'^  ,  wA.  ■*««;>*  <ta».i 
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be  procured  in  a  atate  of  purity,  ancl  in  this  compoiitiil  he  deter- 
minc»  llio  proportions  of  each  of  its  componcntd  with  the  utmost 
attaioable  prcdsion.  It  is  of  grent  im|>ortancc  that  the  operatioiiit 
by  wliioli  these  n^ulls  arc  obtaiued  should  be  aa  few  in  number, 
and  as  simple  and  manageable  as  puH^ible.  It  i«  not,  hijwovcr, 
sufTiciciit  that  three  or  four  different  €iperiments  conducted 
in  the  same  manner  should  give  uniform  results:  the  mode 
of  analysis  adopted  should,  if  poasiblc,  l>e  varied  so  as  to  avoid 
buiy  unperceived  source  of  error  yrhich  depend*  upon  the  process 
f*mploycd.  It  is  also  desirable  to  vary  the  compound  upon  which 
the  analy»R  is  made,  Thu»,  the  equivalent  of  a  metal  may  lu 
Komc  instances  he  ascertained  liy  fixing  the  pro|)t>rtion  of  oxygen 
which  a  given  weight  of  the  metal  requires  for  its  conversion  into 
the  state  of  oside :  in  other  cases  the  pro[K>rtion  of  oxygen  and  of 
luetal  can  be  determined  very  exactly  by  ascertiuning  the  toss 
of  weight  which  the  oxide  experiences  when  a  known  weight  of 
the  pure  oxide  is  heated  in  a  current  of  hydrogen.  It  is,  how- 
ever, advisable  to  check  the-ne  results,  not  only  by  trials  upon  dif- 
ferent quantities  of  the  metal  or  of  the  oxide  prepared  at  different 
times,  but  also  (in  order  to  guard  against  the  oeenrrence  of  any 
unperceived  imparity  in  the  substance  under  experiment)  to 
ascertain  if  the  analysis  of  the  chloride,  the  sulphide,  or  some 
other  compound  of  the  meta],  gives  a  similar  numerical  value  for 
its  combining  pro[>ortion.  These  results  must  be  reduced,  by  cal- 
culatioD,  to  their  weight  in  vacuo  (23).* 

(893]  Aitl  derived  from  homorphimi,  Specific  Heat,  and  Com- 
bining Volume  of  Vapour. — The  determination  of  the  numbers 
which  are  assumed  to  represent  the  relative  atomic  weights  of  the 
elements,  however,  does  not  rest  simply  upon  the  knowledge  of 
the  propi)rtion  in  which  each  element  enters  into  combiaation  with 
a  given  amount  of  oxygen  or  of  any  other  simple  body.  When  a 
miMtancc  forms  hut  a  single  combination  with  oxygen,  the  simplest 
hypothesis  respecting  its  composition  is  that  the  compound  so 
formed  is  produced  by  the  union  of  sitigle  atoms  of  each  of  its 
components.  Thus  magnesium  and  zinc  each  forms  but  a  single 
oxide,  and  they  are  assumed  to  be  protoxides, — or  oxides,  each  com- 
pound atom  of  wliieh  contains  1  atom  of  the  metal  to  i  atom 
of  oxygGu.  Sueb  oxides  neutralise  a  quantity  of  nitric  acid  which 
contains  five  times  aa  mnch  oxygen  as  the  base.  Hut  it  not  nnfre- 
quently  happens  that  the  same  metal  forms  two  oxides,  in  one  of 

*  Some  idnt  of  the  citraordinsry  rare  r»qi]trad  In  rMearohea  of  this  de> 
•criptiou  uisy  be  fi>riDei]  by  the  ppnual  of  the  adminlciVo  iDtnw»i  o^  %\ju,''ah 
the  livDiacUaas  of  the  JJruMels  Academj  foi  I&60. 
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wliidi  a  giran  wdght  of  oxygen  combines  with  twice  as  targe 
proportion  of  tlic  metal  m  iii  t]ie  oUier :  for  exam{j1e,  8  fasU 
oxjgen  imile  with  either  3175  of  copper  to  form  the  blsc^  ou^ 
or  with  6^'3  of  the  mc-tiil  to  furni  tlic  it<1  oxidi-,  and  both  oxid(» 
combine  with  acids.  In  like  manner,  8  parts  of  oxygen  Conn 
nicrcurf  tiro  Milifiablc  oxides,  one  eontniiting  100,  the  other 
partM  of  nierciirv.  Tlie  qnestion  to  be  determined  then  is,  whie 
of  tlKEC  number*  in  to  be  n^arded  a«  representing  the  atomi 
veigbt  or  <:4)tiivulent  of  tlie  metal?  In  caaea  of  thi*  kind, 
judgment  rtxiuircs  aid  from  anulo^r,  or  from  eollat^Tol  cimuD 
atance*,  itucb  ai>  the  isomorphism  of  the  body  with  aonie  other 
gons  compound  of  known  composition ;  the  circumstance  that 
agKxriric  heat  of  the  bo<ly,  Hheii  multi|ilie(l  into  ita  aitppovcd  ntoi 
weight,  yields  the  same  product  as  that  obtained  by  multip)yia| 
the  apccific  heat  of  sotne  other  elemc^nt  into  its  ailmittcd  atoool 
number;  or  the  formation  of  a  volume  of  vafwur  from  the  M]t> 
poaei]  e()mvatent  which  is  equal  iu  bulk  to  tiie  voliimc  of  an  equt 
valcnt  of  hydrogen. 

Such  iis»iKtiuice  i»  afforded  in  the  ease  of  copper  by  the  t 
morphism  of  the  compounds  of  the  black  oxide  of  thia  metal  with 
rorrexpuiidiiig  compounds  of  nine  and  magnesium.  If  the 
of  zinc  be  a  protoxide,  the  black  oxide  of  copper  is  also  a  protOitifa 
and  the  red  oxi<le  ninst  be  connidcrod  a*  n  ituboude. 

Another  character  of  some  importance,  but  subordinate  ta 
of  inomoriihium,  is  afibrdcd  by  tlic  xpecifie  heat  of  ihc  metal, 
suming  the  oxide  of  line  to  be  a  protoxide,  the  atomic  number 
the  metal  is  53*7,  and  its  iipecillc  ticat  is  found  to  be  0*0955;  ^^ 
product  of  these  two  nurohcra  is  5't03.  I'he  sj)eeiOc  heat  0 
copper  is  0*095 1 ,  and  amiiming  the  black  oxide  to  be  the  protoxide, 
the  atomic  weight  of  the  metal  is  3175;  the  product  of  tbeM 
two  uumbcn  ih  3'oi9>  or  ncttrly  the  aame  aa  in  the  case  of  sincj 
whereas,  if  the  red  oxide  were  a».->umed  to  be  the  protoxide,  it 
would  be  double  this  immbcr.* 

In  the  determination  of  the  atomic  weight  of  mercury,  aaaiet- 
ancc  may  l>e  derived  from  another  character  of  much  higbei 
importance ;  since  as  it  is  a  volutile  metal  it  can  be  converted  iui 
vapour,  and  the  density  of  that  vapour  can  be  ascertained.     No* 


*  If.  howpTorr  thin  con  si  deration  weru  allowed  to  ht  decinro,  it  wonU  tK 
np(v*«iry  to  modify  llio  uninbcra  gcneriiily  remivMl  for  Mv«r»l  of  ihe  tie- 
incntu.  The  imraber*  luoi^ncd  in  tlu-  tnble  to  bromin*,  to  iodine,  to  nb<» 
piicrTU!).  to  unt.<ntc.  to  nQllmotij'.  to  bimtnth.  to  potawitim,  lo  •otlium.  to  tilm, 
and  to  jioM,  would  T«<\uiTe  to  bo  rvducod  bjr  oaa  h>lf,  mnd  in  many  c«m>,  u 
in  that  of  tho  bnlo^cu*,  V!tua  'gt«««&.>u«  xtm^^  ^  f^\'ra^ie4  Ut  on  -t—p^** 
grounds. 
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ic  Specific  gravity  of  the  vapour  of  mercury  i*  fi'9"4,  »tn!  that  of 
Ijfdro^rn  is  o'o6y3  ;  or,  alloving  for  unavoidable  errors  of  experi- 
Bcnt,  the  fiensity  of  mci'cnrial  vaiwur  is  loo  ttmcj*  ltd  great  as 
hat  of  hviJrogcn.  If  the  atom  of  hytlrogcn^i  it  f^ives  a  columc 
if  vapour  which  occupies  double  the  spaee  of  that  rL'i^uircd  by  an 
iqiiivalcot  of  oxygen.  If  loo  be  assumed  as  the  atomic  weight  of 
nercury,  it  yields  a  volume  of  vapour  equal  to  that  of  nn  cquiva> 
ent  of  hydrogen,  or  double  that  of  oxygen,  thus  corres|iondiiig  with 
litrogen  and  the  halogena ;  whereas,  if  3oo  be  the  atomic  weight 
if  mercury,  i  atom  would  yield  4  times  the  volume  of  vapour 
ifibixied  by  an  equivalent  of  oxygen,  which  would  be  highly  impro- 
table,  since  no  other  element  possesses  a  similar  vapour  volume, 
'here  are,  however,  several  anomalitw  in  vapour  volume  ithtoh 
vnder  even  this  character  in  some  cases  ambiguoua.  These  diffi- 
tultiex  will  be  more  partinilarly  adverted  to  hereafter  (1461^). 

It  is  not  safe,  moreover,  to  assume  in  cases  in  which  only  one 
Compound  cxistn  between  »n  clement  and  oxygen,  that  such  com- 
lonnd  is  necessaiily  a  protoxide;  aluminum  is  not  known  to  form 
nore  than  n  single  oxide,  yet  chemists  do  nut  hesitate  to  couiidcr 
bis  oxide  as  a  aesquioxide,  and  in  this  judgment  they  arc  guided 
ly  analogy : — Thus,  those  boiHes  which  arc  admitted  to  he  prot- 
Dxidea  ai-e  g«nerally  powerful  bases,  and  neutratixe  the  acids  very 
lOmplctcly,  Now  alumina  docs  not  present  this  character  ;  its  salts 
lave  a  powerfully  acid  reaction  and  ta»te.  But  the  arguments  of 
biost  weight  against  ihe  supposition  that  alumina  is  a  protoxide, 
ire  derived  from  the  compueition  and  properties  of  the  oxides  of 
ron.  Iron  forms  two  basic  oxides:  one  contains  but  two  thirds 
>f  the  proportion  of  oxygen  xtliicli  is  preteiit  in  the  other.  The 
wide  of  iron  with  the  smaller  pro]iortion  of  oxygen  is  a  powerful 
lace,  ami  with  neiiis  forms  salts  which  are  isomorphous  with  tho^ 
}f  magnesia  and  oxide  of  zinc.  It  is  eonscqncutly  regarded  as  a 
rrotoxidc,  and  the  other  oxide  is  looked  upon  as  a  scsquioxide ; 
;he  basic  properties  of  the  latter  are  much  more  feeble,  and  the 
nits  which  it  forms  with  nnds  have,  like  the  salts  of  alumina, 
I  powerfully  acid  reaction.  Scaquioxide  of  iron,  moreover,  is  iso* 
Dorpbous  with  aUimiiia  when  in  combination.  An  iron  alum  may 
ke  obtained  in  octohedi-al  crystals,  in  which  the  place  of  the  alu* 
ptnum  is  supplied  by  that  of  iron  :  and  native  peroxide  of  iron  is 
juiid  in  forms  of  the  rhorabohedra!  syi^tem  isomorphons  with  native 
llumina  in  corundum,  lience,  if  the  red  oxide  of  iron  be  a 
esqoioxide,  ulnmina  must  he  a  !ie:<quioxide  al!<o. 

An  excellent  illustration  of  the  value  of  isomorphism  in  thcjie 
twca  i»  aliio  affbrdcd  by  the  oxides  of  c\itom\vim,     V.u^;A  \\\<a  >^^iftr 
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tlcation  of  P^Ugol's  rcwmrchc*  o»  tbU  metal,  on);  tuo  i 
of  chrumium  vitli  oxjgen  were  known,  vix.,  Uic  great  < 
chromic  acid, — tlie  acid  containing   twice  •»  mncfa  oxjfvn  i 
osidc.     In  tliCM  two  cotni>ouii(l»  tlie  proportioa  of  uijcn  j 
bincd  with  the  equal  wciglito  of  cbtomium  was  u  i  :  s,  ori 
But  thvTv  was  little  difficulty  in  deciding  ttuit  tlie  grtra  i 
1>c  rcgitrdcil  iu>  &  sewitiioxidc,  for  tbc  green  oxide  of  dir 
known  to  be  Uonion>bou)t  with  the  ml  oxide  of  inn,  hdj 
uncombined  form,  and  when  in  combioation  "ith  the  hiui 
Cbromio  actd  would,  tbercforc,  ooiiinin  3  atom*  of  Dtj( 
atom   of  the  metal.     Dot   evideDOc  still  more  ooucliuin< 
aocumcr  of  tViH  view  is  nfTordttd  by  tbo  fact  that  chmuei 
iftonkorphoits  with  manganic  acid ;  tbo  latter  ia  known  to  < 
aiontftof  oxygen,  for  it  is  the  add  of  a  motal  which  ricMti 
witli  a  giren  iteigbt  of  mongauese  oontaiuing  one  tlunl 
oxfgcn  present  in  manganic  acid,  and  wbiob  inoreurcr  i*  i 
phous  with   the   protoxido  of  iron,     t^nall;,  tho 
nnothcr  oxide  of  cbromium,  with  a  ^mnUer  proportiuo  eft 
)ban  either  of  Uie  comjmunds  previouUy  kiiotm,  fnllj  rii 
thecorrcctocasof  thcforcgcung  deductions;  for  the  De«i 
found  to  contain  one  tJiird  of  the  proportion  of  oiygtn 
chromic  acid.     It  iil»o  vicldcd  salts  iaomorphuuft  with  ibt  < 
ponding   salts  of  the   protoxide  of  iron,  and  the  pro^ 
oxygCD  which  it  contained  bore  the  same  relation  to  that 
ill  the  green  oxide  of  chrotniuio  that  the  oxide  in  t>ie 
iron  did  to  tliat  io  the  red  oxide  of  iron,     rt'ligot's 
therefore  was  tbe  mieuiing  protoxide  of  chromium. 


(894)  Xnmeriral  Data  from  which  the  Eg^viraitxti  1 
Wdgfila  of  Ihe  EUmcaU  have  b^m  ealcuiatcd. 

TJic  atomic  weigbu  of  llie  elementary  6i:i-'-"  — 
iuToetigalcd   with    pn-ciiiioH  by  BetxcHu*,   ai.  '- 

tsiiied   by  him,  witli  certain  important  conrct4ot> 
present  in  n»c.     These  researches  of  Hcr»!""  -■•■ 
of  subsequent  chemutts,  ixirticnhirlf  of  I 
lU.  i.  5;    Ttii.  1S9;  and  If.  IJ9);   of  1'. 
sx.  1047);  of  De  Marigiiac  (/W'"'^'""' 
of  Hrdmann  and  Ihlart'hiiud  (J 
xxX'i..  x\xt.,  and  xvxiiij ;  awl  oi 

i860),  have  furuislicd  llie  fulioHu..,   „  

given  at  p.  iS,  Part  I,  lutve  been  oorapiled:— 


cnMBixivo  .\vuitr.Bs  or  ini  SLSuiKn. 
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T.  jHummitm. — BcncHiu  found  that  loo  pnrts  of  iIm:  tcreaN 

ate  of  aluuiicia  (Al.0^,3  SO^]  lost  hj  iiiteiine  iguition  70*066  of 

.Ipburic  acii ;  licncc  usuming  the  atomic  weight  of  sulphuric  acid 

40,  that  of  aluiuiiium  (hj'dio^eii  lietng  =  1 )  is  13'67-j.     Dumas, 

det«imiiiing  the  amount  of  silver  required  tu  precipitate  a  given 

eight  of  chloride  of  aluminum,  concluded,  from  a  mean  of  neveu 

iXiwrimcntA,  that  the  atomic  weight  of  aluminum  n  13744}  or  if 

ixygca  he  100,  it  is  i/i'S. 

3.  AHtimony. — The  numhcr  13903,  assigned  by  BcrKilius  to 
antiiDoaj',  is  admitted  to  have  hcen  too  high.  Sehneiiler,  by  rc- 
;  the  native  sulphide  to  the  metallic  form,  obtained  on  the 
.rerage  7i'46iy  per  cent,  of  mctid,  which  would  yield  )t.i  tho 
Oombining  number  lao^.  The  cipcrimeuU  of  Rose  on  the 
cbloride  giive  1  ao'69.  Dcxttr,  by  oxi<lixiiig  the  metal  with  nitric 
Bcid,  and  converting  the  residue  by  ignition  into  Sb^O^,  obtained 
122*34  as  a  mean  reault;  atid  Diinuta  by  exjierimeiitN  upon  the 
tcrchloride  found  the  quantity  of  silver  required  to  precipitate  the 
chloride  indicated  iX3'0,or  1525  as  the  combining  number  of  the 
metal. 

3.  AraCHic.—ftAQMst:  dccompotcd  a  given  weight  of  chloride 
pf  ■nenio  by  means  of  water,  and  determined  the  quantity  of 
oblortde  of  silver  which  it  produced  :  a  mean  of  three  experiments 
E^^c  TS'  ^^  937'5  ^  ^'^  atomic  weight  of  arsenic,  a  result  con- 
firmed by  four  experiments  of  Oiimii-'',  which  gave  it  ns  749.'). 

4.  Barium. — Hi'rKeliua   found    that    100   parts  of  chloride  of 
ium  when   dissolved   iii  water  yielded  Ii3'i75  of  tulphntc  of 

ryta,  on  the  iidditiim  of  sulphuric  acid  ;  and  that  ico  [larta  of 
the  chloride  when  mixed  with  anoliitioaof  nitratu  of  silver  yielded 
I^fl'o?  of  cliloride  of  silver.  Pelonze,  by  precipitation  with  silver, 
obtained  results  almost  idcntic^d ;  the  number  given  )>y  Bcrxrlius 
for  barium  >«  6842 ;  that  by  Felouic  is  68  64.  Do  Marignac,  from 
a  aories  of  expcrintents  of  the  xame  kind,  checked  by  the  dctcr- 
minatiuii  of  tlic  baryta  as  sulphate,  adopts  the  number  6S'j}(;  and 
Dumaa,  as  a  mcau  upon  sixteen  experiments  conducted  iu  a  aimilnr 
manner,  arrives  at  the  number  68 ,51,  or  856'3. 

^.  Biamutft. — too  parts  of  the  metal  convinied  into  nitnttt*, 
and  decomposed  by  heat  in  a  glass  tcssoI,  gave  iii'i-j^  of  oxide, 
SiO,,  hence  the  atomic  weight  of  bismuth  i»  31386  (Lugerlijclm). 
Dumas,  from  a  menu  of  seven  experiments  upon  the  quantity  of 
silver  nKpiired  lo  precipitate  the  chlorine  fi-om  a  given  neight  of 
tcrchloride  of  bi«muth,  obtained  :io'34,  or  2629*2  as  the  number 
fur  this  metid. 

6.  Boroa. — According    to   Bcrzelius,  100  parts  oS  borax  loat 

8  t  % 
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47*1  of  water, umI fielded  t6'3l  of  sodsj  leaving  for  barack  Bcid{tf 
tliflerence)  36*59 ;  and  Davy  fouud,  hj  the  direct  coinlitutim  d 
iKiroii,  tliat  100  parU  of  boracic  acid  contain  31  of  lK}ron  and  61 
of  o\}'gt;ii.  Tliis  would  make  the  number  for  iHiron  10*9,  » 
I36'2.  But  the  methods  which  were  employed  are  ailaiittcd  hj 
BereeliuN  not  to  be  »ueh  aa  to  wanraut  entire  conlidi^noe  in  llx 
accununr  of  thU  number  ;  aud  Dcvillc,  from  hit)  e\|K;riiiieute  u;n 
the  cliloride  and  the  bromide  of  boron,  regards  It  as  oeaitr 
truth. 

7.  Brumine, — De  Marignac  found  tliat  3*94'^  grammes  of  ail 
wlien  dihsolted  iu  nitric  acid,  required  4*353  grammca  of  hrouiid 
of  potaMium  for  it:^  coinplete  precifiitatioii ;  and  ij'oo  of  ul 
converted  into  nitrate  gave  26'ii  of  bromide  of  »^tlver:  taking 
equivalent  of  advcr  at  107'97,  a  mnn  of  the  experioieuts  giw  di 
equivalent  of  bromine  aa  79'97 ;  and  thU  result  has  been  venfii 
by  Dumas  by  the  dccurii[iu«iti<.m  of  bromide  of  silver  ia 
carrent  of  chlorine.  It  may  withoat  scoatblc  error  be  taken 
Ha,  or  1000. 

K.  Cadmium. — Stromeyer  found  titat  1 14*352  parts  of 
oxide  yicldiid  14*352  of  oxygen ;  from  which  Uie  equivalent 
ijtia  metal  i&  5574.  Dumas  found,  as  a  mean  of  six  cxperinteirf 
upon  the  quantity  of  silver  required  to  pr<.-ei|iitate  the  chlorii 
fiom  a  given  weight  of  chloride  of  cadmium,  the  number  56' 1  a 
701*5 ;  but  the  uunil)cr»  obtained  in  the  ilifrvreut  experiiuenta 
not  quite  so  concordant  as  u»ual. 

9,  Co/ctMHi.^Dumiii^,  by  the  ignition  of  100  i»art»  of  leelai 
spar,  obtained  56  parts  of  lime,  which  would  make  the  equirale 
of  calcium  exactly  io;  and  later  cxjierimente  by  the  Mtmecln 
upon  the  quantity  of  silver  i-equiretl  to  precipitate  a  given  «e^ 
of  chloride  of  cnlcitini,gave,  as  a  mean  of  three  experiment)),  100 
Erdmaan  and  Marchand  found  it  2003  ;  De  Mari^ac,  by  di 
poMliou  of  a  known  weight  of  the  chloride  of  calcium,  eati 
at  20*105  '•  '^^'^  UerxcliuB,  by  the  conTeraion  of  8  known  wei 
pure  lime  into  xnlphntc,  found  it  to  be  3013.  The  number  20, 
250  iniiy  be  safely  adojited. 

10.  Carbon. — The  determination  of  the  equiralviit  of 
fonncd  the  subject  of  a  laborious  series  of  researches  by  Dm 
and   Stas.     They  burned  graphite,  diamond,  and    cliarooal  iB 
currntt  of  pure  oxygen  witli  scrupulous  care.      1*375  grammea 
diamond  gave  5*041  of  carbonic  add;    and  the  mean   of 
results  which  agreed  very  closely  witli  rach  other,  fixwl  the  of 
valeut  of  carbon  al  6^  os  1^.  i&mi\ax  c^.'^Rrauowte  bv  Krdmaun 
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Marctiand  gsTi-  ttipin  iw  a  result,  6-007  >  ""^  *''"  results  olitaincd 
by  Licbig  an<l  Itedtoiibaciier  from  the  combustion  of  tlic  oxalate, 
the  acelattf,  tho  raccmntc,  nnd  the  tartrate  of  silver,  yielded  6'o6, 
which  coincides  so  nearly  with  tlint  of  Dumss,  that  tlienc  chemiHtH 
themselves  have  adopted  the  mimbcr  6. 

II.  Cft/orine.— Numeroiiai'iirpfiil  exiieriments  have  boon  made 
with  a  view  to  ttelcrcQine  the  equivalent  of  chlorine.  I)e  .Vlarisnac 
found  that  loo  parts*  of  chlorate  of  i)iitash,  when  decomposed  by 
heat,  left  $0839  of  chloride  of  potassium;  and  12'032  of  pure  silvci* 
required  i_73i6  of  chloride  of  potawiium  for  its  complete  preeipitn- 
tk>n.  14'427  of  chloride  of  potassium  gave  27'749  of  chloride  of 
silver.  Berxeliui  ciilciitatot  from  these  results  Ibat  the  equiraU-nt 
of  chlorine  is  S5'4^  >  '""'  ^^'^  coincides  exactly  with  the  recent 
elaborat<^  experiments  of  Slas. 

Maumen^,  by  heating;  chloride  of  silver  in  a  current  of  hydro, 
gen,  found  that  100  parts  of  silver  were  united  with  ^i'fi^'i  of 
chlorine.  The  same  ohemi.tt  obtained  from  100  parts  of  chlorate 
of  potash  6o'79t  of  chloride  of  potassium  :  and  from  100  parts  of 
chloride  of  potasMum,  he  obtained  by  precipitation  I92'7^  of 
chloride  of  silver.  These  experiments  furnish  data  from  which 
the  equivalents  of  potassium  and  of  xilver  may  be  dctenuiued,  as 
well  as  that  of  chlorine,  in  the  manner  following : — 

The  composition  of  chlorate  of  potash  is  represented  by  the 
{brmula  KO,CK)._;  when  heated  it  gives  off  the  wholeof  its  6  cqui- 
Talents  of  oxygen.  Thecquivalcnt  of  chloride  of  potassium  therefore 
will  be  the  quantity  which  is  combined  with  48  parts  (or  6  cqui- 
valenLi)  of  oxygen.  Now,  taking  jManmeii^'s  result  that  39'209 
ports  of  oxygen  are  combined  in  chlorate  of  potash  with  60791 
of  chloride  of  potawium,  we  have 


39'aoy  :  48  : :  60791 :  a:  (=74-4108,  i  cq.  of  KCl). 

If  100  parts  of  chloride  of  potassium  produce  19275  of  chloride 
of  silver,  I  equivalent  or  74-4208  of  chloride  of  putasstuio  will 
furtiish  1  cquivaleut  of  chloride  of  silver.     Thus — 

100  :  19275  : :  74-4208 : «  (=  143*446,  1  cq.  of  AgCl) ; 

and  133-856  of  chloride  of  silver  contain  32-856  of  chlorine;  con- 
sequently (i  atom  of  chloride  of  silver  containing  1  atom  of 
chlorine),  wc  find  the  atomic  weight  of  chlorine  as  follows  : — 

i33'80  : 3«"85*  :  =  M3"44'S  ='  (=35'47'i)  '• 


Mu  roft  TBS  vrrmuuTTos  or  vas 

but  thealMMc  ««lglit  of  diloode  of  nlfier  heing  si^j'^il 

tlist  of  nIkt  m  bsod  by  dcdnetjog  the  c^^walBBt  of  Cls  35-471 


ksnug  the  ttomie  wcigliC  of  >0fcr3=  lO^^ja 


gad  the  stomk  w«i;ht  oT chloride  of  potaHttim  being      =74'4IqI 
deduct  from  it  tlte  fttoiuic  weigbt  cf  eUoriine  ^ij'-l*" 


ve  obtain  the  ntomtc  weight  of  potaitnun  k jg-^lfl 

Ho  tnzU:riai  i^ntr  can  therefore  arUe  if  tbe  atomic  weight  d 

clilofiiK!  t>c  taki-n  aa  =  55-5  or    4^Ji 

that  of  Mlvcr  u  k*io8  o  or  isjOD 

aiid  that  of  potauiuin  as  =  39*0  or   487'j. 

Oilcnas  han   b1»o   chetrked  these  numbers   by  buroin?  findf 
(lividcxl   lulvcr   in  u  current  of  perfectly  dry  chlorine.      He 
found  that  108  parts  of  silver  combinul  with  35*505  of  chlorine 
a  menn  of  two  cxiwriment*. 

13.  Ciiromrum. — The  combining  number  of  chromium  1 
(letertninnl  hy  Berlin,  hj^  converting  chromate  of  filvcr  into  tli 
chloride ;  the  nnm1)cr  thus  obtained  was  36-347  ;  and  that  dcd 
from  the  rcdin'tktn  of  the  chromic  acid  to  tlic  WMiutosidc  of  1^ 
ntinm,  in  the  «arae  srrica  of  experiments,  was  26-27,  or  ^i^'i 
I'4i1igol,  from  the  niiaW«is  of  the  acetate,  estimates  it  at  betvet 
%f>  am)  268,  but  considers  26'34  as  nearest  the  truth. 

13.  CobaU. — RothofT  found   that  369-]  parts  of  the  proloii: 
•bf  cobalt,  when  couTerted  into  protochloride  by  mcanx  of  hydi 

diloric  acid  and  precipitated  by  mcsiis  of  nitrate  of  silver,  ^1 
lo]9'9  of  chloride  of  silver  :  hence,  if  the  cobalt  be  iu  the  fonn  1 
protoxide,  the  npiivnlrnt  of  cobalt  is  39-49,  or  368-6^.      Dam 
hv  similar  means,  olitAinnl  the  number  29-54  as  a  mcmn  of  j 
|H>riiiiciit«  ;  but  Schneider,  br  determining  the  relative  amoi 
I'nrbuu  and  oubait  contained  in  the  oxalate,  estitnates  the  n 
cobalt  at  30.     J\irtHer  experiments  npon  this  metal  are  di     _ 

14.  ('•opywr.— -Bend ins  obtained   from  768075  grsmjoa 
oxide  of  copper,  which  were  reduced  in  a  cuirrot  of  h, 
6'130;5  of  Tuelallic  copper;  benee  the  cquiTalent  of  ihe 

.51-75.  or  395'N^     Efdmaan  and  Uarchaad,  bf  a  auailar 
txedit  at  3176. 

15.  Fhiariae. — Bencfioa  fcnnd  ikat  100  part*  ft 
wImb  InUed  with  an  oosm  of  aolfliaiie  add,  jtMtA 
■iilpWli  of  Ibw.     LoaTM,  on  r^ealac  tlus  nfmne 
t74'i''t  ?■***  of  wlphate  of  fiae.     TSe  rfwilmt  of 
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IftoiU  Ibis  latter  rceutt  is  19,  or  237*5.     (f^e  p.  150.)    And  , 
snlta  faaTD  been  cnnfimed  by  Dumu,  who  made  kimikr  ' 
DflUtM  Hpon  the  floondcs  of  cdciTim,  poUssinro,  and  sodium. 
(Uiiciumn. — Andi-jcw  found  tlint  100  parts  of  the  chloride 
meUd  eontaincd  88-42  of  chionnc ;  hence,  if  the  chloride  be 
nitnl  at  UI,Clj,  the  combining  number  of  tlio  metal  will  be 
but  if  the  chloride  be  regarded  as  GIC),  the  atomic  weight 
be  iiietal  iH  465, or  ^581 . 

Gold. — BcnteliuB,  bv  reducing  (he  double  chloride  of  gold 
BtaMium  ill  ■  current  of  hydrogen,  determined  the  conibiu- 
umbcr  of  this  metal  at  ii)6-61i,  or  245H'33.  By  an  earlier 
of  experimciitv,  lie  found  that  I4»'9  of  metallic  mercury 
bipitatcd  9.V55  of  gold  from  the  lerchloride ;  3  atoms  of 
Bniry  caiwing  the  jirccipitation  of  i  atom  of  gold  :  and  assuming 
Htomic  weight  of  mercury  to  be  too,  this  would  make  the 
^Ber  fur  iiold  i96'44. 

Hit.  Hydrogen. — The  i>(tuivnlent  of  hydrogen  waa  determined 
n  ifreai  cure  by  Dumas,  by  the  method  already  described  at 
|A.  lie  ascertained,  an  n  mean  of  nineteen  experiments,  titat 
uuru  of  oxygen  comhinwl  with  i-ooiz  of  hydrogen  to  form 
Wv }  the  lowest  qtuiiitity  which  thcae  expniincnts  gave  being 
^K4,  the  highest  roo45.  I'ho  quantity  of  water  collected  in 
bof  tlieae  experiments  wbk  coii«idcnible,  varying  from  230  to 
^Hgratiis.  Erduiann  and  Marcband  repeated  these  exjwrimcnts 
IFaimtUr  rc»ulia.  Berzclius  and  Dulong  concluded,  from 
ftKbrs  performed  long  previously  upon  a  similar  principle, 
on  11  !>mnller  Male,  that  the  quantity  of  hydrogen  united  1 
parts  of  oxygen  was  0-9984,  which  coiuctdea  with  tbs^ 
Dumlwr  obtained  by  Ouniiu.  tt  is  obvious  that  no  apiHreci-  \ 
rur  can  bo  committed-  by  nMuniing  hydrogen  to  possess  an 
Jent  of  1,  that  of  oxygen  iMiing  ti,  or  12,5,  if  oxygen  be 
JttD  at  100. 

to.  JfnTmtf. — Dc  Marigiiac  detcrminnl  the  number  for  iodine  by 
beta  analogous  to  that  which  he  employed  for  chlorine.  Tho 
■ilAiit  of  iodi<lu  of  potassium  lie  fixed  at  i6j'95i ;  deducting 
[this  3895,  Mnnineni-'n  numlier  for  pota»!^iuni,  we  obtain  117 
I  comhiDtug  ntinilxT  of  iodine,  or  ■  587*5.  Dumna,  by  ivo  ex- 
IDtttB  upon  io^ltde  of  aitrer,  which  lie  converted  into  chloride  by 
Ag  it  in  II  currtiit  of  dry  chlorine,  obtained  the  csmc  n-sult. 
ID.  Indium. — Ilerz-.iliua  deduced  tlte  iiumljcr  for  ir'.dium  frant 
■lyaia  of  the  elilonde  of  iridium  and  potassium  (RCl,IfCI,} ; 
DL-d  it  at  t^^rfi,  or  1 233*08,  which  is  identical  with  the  number 
wd  fur  {ibtiimm. 
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31.  Iron. — Deruliufi  found  that  )'5ll6  grain  mes  of  ]nmbri| 
couTcrted  (imt  tuto  nitrate,  and  then  into  aesquioxidc  by  igniting] 
garc  3-365  of  scMiuiosidc ;  nud  Svuiibci^  and  Norlin,  bv  reduaic 
§csquioxi(te  of  iron  in  a  current  of  hydrogen,  obtained  from  jj ;}] 
of  i^'aquioxidc,  35*059  of  metallic  iron ;  making  thv  atomic  we^l 
of  iron  3^*04,  or  .^50*5.     Knltnatm  and  Marchaixi,  by  tbe  mcdnl' 
last  named.  Used  the  equivalent  at  a8-coi,  a\n\  Maumeni  iuu  ti^a 
arrived  at  a  »iinttiir  n^idt  hy  the  oxidatiuu  of  irou  by  aqoa  nga,  1 
and   precipitating  the  oxide  by  means  of  ammouin.      Still  nc^ 
rci>eiitly,  Dumiis  has  obtaiiii-tl  thci  sam«  number  by  decoiupofins 
Uie  cliioride  of  iron  by  mcansi  of  nitrate  of  ailrcr — tlic  uieaa  d  I 
bi»  four  experiments  being  1807. 

32,  Lead. — 2r94a5  ^mtncs  of  oxide  of  lead  were  ralucei  I 
hy  Berxcltiis  in  a  i-utrent  of  hydrogen,  and  gave  20*3^95  of  aip  | 
tnlltc  lead;  as  a  mean  of  five  expcrimcots,  be  determined  the  cqoi- ' 
viileiii  of  the  metal  at  lO^V.i?  ^'  '2y4'645.  lliis  rc-iult  has  baa  I 
coafimied  by  De  Marigiiac,  who  obtained,  by  llie  prccipitatmxfj 
5  grammes  of  chloride  of  lead  3"8835  of  ebloride  of  itiiver ;  tat  | 
Dumas,  by  aimilar  experiments,  found  tlic  number  for  lead  to  Ik 
105"55,  whilst  Stas  estimates  it  at  io_^-45fi, 

33.  Lithium. — The  number    obtained   by   Borxcliua  for  thJl] 
metal,  by  neutralizing  fused  carbonate  of  litbia   with   »ulplitirie 
acid,  it  probably  inaecurnle,  a»  the  earlxmate  of   litliia  has  sob- 
aequcntly   been  found  to  lose   a  little  of  its  acid  when    mdtelj 
Mallet  c*timHteN  llie  atomic  weight  of  lithia  at  6-97,  or  87*l. 

24.  MagHtaium. — Berzclius  found  that  lOo  parta  of  magncsii, 
(lii^i^nlved   in   pure  sulphnric  aeid  and  ignited,  gave    293-9IJ5  of ' 
sulphate  of  magnesia ;  Iience  the  equiralont  of  magnesium  wonlil 
Ix:  I  i'65  ;  but  this  result  is  probably  a  httiv  loo  lii];li. 

Seheerer,  by  ascertaining  the  qujintity  of  sulphate  of  banta 
produced  by  a  given  vroight  of  sulphate  of  mngneiua,  detcnoined 
tbe  nuni^ter  for  magnesium  at  ti'it.  Svanberg  and  N'onlenfelilt, 
by  the  decomposition  of  the  oxalate  of  magnenia  (aMgOiCjOy 
4  HO)  by  heat,  estimated  it  at  1 2-35 ;  and  by  canrertiiig  a  kno*n 
weight  of  magnesia  into  sulphate,  found  it  to  be  I2'37;  ud 
^larcliand  and  Seheerer,  by  ignition  of  the  native  eurbunal^ 
a-sxigned  to  it  the  number  i2'oa.  Dumas  found  cxtraordiniuy 
difficulty  in  procuring  chloride  of  inugnesium  ({uite  free  boa 
magntvia.  The  mean  of  II  exjierinients  upon  the  precipitaljoo 
of  the  chloride  by  nitrate  of  silver  gave  1 1-3  aa  iJie  cotnbuiibl 
number  of  magnesium.  The  mean  of  these  results  is  12-16, 
or  15a. 
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kUus  9'575  of  chloride  of  silver ;  the  equivalent  of  ihc  metal, 
from  a  Dicaa  of  two  such  experiments,  in  iT$T,  or  344"684. 
Dumas,  8a  &  mean  of  five  experiments  couducted  in  a  Mioilur  nian- 
Der,  obtainvd  tLc  numlKT  37*48. 

a6.  Mercury. — Krrliiiaiiii  and  Marchaiid  obtained  from  1 18*3938 
graniiiie^  of  red  oxide  of  mercury  ]0963o8  of  mercury  ;  a  mean 
of  fire  expcrimcntN  ^ivett  ioo'i,ori23)'2i^  an  the  equivalent  of  the 
metal.     It  may  be  safely  estimated  at  lOO. 

27.  Molybdenum. — Berzehus  n^ardcd  tiic  number  47"96,  given 
by  himself  fur  this  luctal,  only  as  an  approximation.  Sianherg  and 
Struve,  from  an  cjitcnsivc  series  of  experiments,  cwiwidered  that  the 
most  accurate  results  were  obtained  Ijy  raai>tiug  the  bisulphide  of 
JHolybdetiuui  in  air,  and  they  conclude  that  100  parts  of  the  bisui- 
ptiidc  yield  89732  of  molybdic  add  ;  hence,  if  the  cquivuloot  of 
sulpliur  he  taken  at  16,  that  of  molybtlcuum  will  l>e  4606.  Ber- 
lin, from  the  quantity  of  molybdic  acid  left  by  the  salt  (H,NO, 
aMoO,  +  ll^NO,  3MoOs  +  3lio),  found  the  number  for  the  metal 
(from  a  mean  of  four  experiments)  to  lie  45'98.  Duman,  how- 
ever, by  reducing  crystallized  molybdic  acid  in  a  current  of  hydro- 
gen, found,  as  a  mean  of  5  concordant  exiierimeiits,  48,  or  600,  ait 
Ihc  number  for  this  metal. 

08.  Sickei — Itothoir  converted  188  parts  of  oxide  of  nickel 
into  chloride,  and  obtained  from  it  718-2  of  chloride  of  t>iker ; 
the  number  for  nickel  hence  deduced  i»  iy',M>  •>■■  3'^9'333  >  ""'^ 
Dumas,  a^  a  mean  of  ^  experiments  on  the  same  plan,  obtained  the 
number  39' ji ;  though  Schneider,  by  the  analysiit  of  the  oxalate, 
estimates  it  at  29.     IKre  further  experiments  are  therefore  wanted. 

29.  Nilroffcn. — De  Marignac,  by  converting  200  grammes  of 
nlrcr  into  nitrate,  nbtainetl  314-894  of  the  salt ;  14-1 10  of  nitrate 
of  silver  required  for  prccipitatiun  6-191  of  chloride  of  potassium  ; 
iO"339  of  silver  convcrt«-d  into  nitrate  required  j-120  of  chloride 
of  ammonium  for  complete  precipitation  ;  the  mean  result,  as  cal- 
culated by  Berxclius  from  several  experiments  performed  in  this 
manner,  gives  14-004  as  the  number  for  nitrogen.  Stas,  by 
synthetic  experiments  upon  nitrate  of  silver,  fixed  it  at  14-C41. 
Anderson,  by  the  decomposition  of  nitrate  of  silver  by  heat,  con- 
eluded  that  the  atomic  weight  of  nitrogen  was  13-95;  and  Svan- 
bcrg,  from  the  analy.siiiof  nitrate  of  lead,  obtahicd  ibc  same  result: 
the  number  for  nitrogen  may  therefore  be  taken  as  14,  or  175. 

30.  Oitmium. — The  atomic  weight  of  this  metal  wa»  calculated 
by  Berzelitia  from  the  result  obtained  by  heating  the  chloride  of 
osmium  and  potHSsium  {KCl.OaC'lj)  in  a  current  of  hydrogen, 
Jj'6j  grammcii  of  the  salt  leaving  0-401  ^v^iWiYiitt  *jl  "^.Q^.  wA 
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hata  fob  tbb  determixition  op  tbb 

0*555  grm.  oroamium  :  henoe  the  number  for  osmium  vas  eotiiuM 

St  99-4,  or  1 34r68,  whicb  ngrcn  «it]i  the  Inter  researclics  of  Ddhul 
31.  Oryyen. — Ttic  equiraleat  of  oxy^u   is    the   RtutiUinl  la 

which  all  others  are  referred;  it  i«  foand  to  be  a  multiple  bjr  8  of 

thst  of  livdrogeo. 

33.  Patladimn. — The  nnmlwr  for  tht«  metal   r^sts  apon  fte 

autliority  of  Bcrxcliuis,  wl»o  found,  by  reducing  tho  chloride  of  porta*- 

aiam  and  palladium  (KCl,PdCl)  in  a  cnrrcDt  of  bydrogon,  ihtf 
l'6o6  gmniinL-s  of  the  «ilt  giivi>  o"5^3  gramme  of  chlorine,  irBji 

of  palladium,  and  1*193  KUI:  hence  the  atomic  weight  of  palladiuffi 

ii  55*34  or  ft65-47. 

55.  }'ko*phtiraa, — According  to  Pelonte,  a  solution  of  100  paiti 
of  Mlvcr  in  nitric  a^^id  ih  required  to  pnxripitnte  the  chlorine  frai 
43*74  of  terchhiride  of  pliosplKiniit ;  the  atomic  weight,  Uierefon, 
would  be  3203  or  400*5.  BcmcHua,  from  the  silver  reduced  from 
BuliihaU?  of  nih-cr  by  a  known  weight  of  phosphorus,  estimated  U« 
number  for  phoaphorua  at  51  "5(5;  and  Schriittcr  concludes — &na 
a  inciin  of  ten  experiments,  in  whicti  phiwpborns  was  humnl  in 
current  of  dry  air,  and  lliu*  converted  into  phcphoric  acid — that  tke 
true  atomic  weight  is  31,  or  387*5  ;  a  rcAult  confirmed  hy  canhl 
experiment*  upon  the  u^rchloride  by  Dumas, who  found  it  to  beji-oj, 

34.  Platinum. — Itcrzclius  found  that  6*981  grammes  of 
double  chloride  of  platinum  and  putaa«um,  when  reduced  ia 
current  of  hydroj^u,  gare  4*957  of  a  mixture  of  platinum  mi 
eliloride  of  {x>ttiv;ium ;  3-833  of  tliia  was  platiuum :  henoe  the 
uumber  for  platinum  is  98*56,  or  1352*08. 

35.  Potassium. — De  Marignac's  eitporiments  on  llieclJorate 
potaah   (related  when  sjieaking  of  tlie  atomic  weight  of  chtoriM 
garc  the  number  for  potassium,  39*1 1  tliooe  of  Maumem;,  38*9^ 
those  of  I'cloHXR,  59*141  and  those  of  Stas,  39*13.     It  inaf  then 

I  fore  be  taken  as  39,  or  4Ji7'5. 
36.  tt/iodium. — 5*146  grummeK  of  the  chloride  of  rhodium 
potflssium  (KCl.KojCy  wlien  heated  in  acurrent  of  hydrogen, 
found  by  Berxclius  to  funiiMh  0*91 3  gmmmc  of  rhodium,  and  0-51 
gramme  of  chloride  of  potasaium ;  whence  he  calculates  the  eqvi 
valeut  of  the  metal  at  53*16,  or  651-96, 
37.  SeleniHin. — 100  jairtaof  stdenium,  when  heated  in  a  onrra 
of  chlorine,  yield  exactly  379  of  bichloride  of  seleninm,  accorditi 
to  Bcrzelius,  which  would  make  the  equivalent  3966,  or  495*5 
but  the  method  employed  is  not  perfectly  trustworthy.  Da 
by  modifying  the  method  of  proceeding,  oUained,  as  a  mean 
HeTcu  expenmeuta,  i^Ti- 
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IlJiivldcd  3oK  parts  ofsilicn,  which  if  takcD  la  SiO,  would 
atomic  WL-i^tit  of  t4'8r  ;  litis  appcnrs  to  be  too  hifb, 
stiUa  tbnt  a  Holntion  of  3'68j  parts  of  silver  in  nitric  acid 
litntL-d  1*454  of  chloride  of  xiltcon,  whence  the  numlicr  would 
.'S4  i  aiul  Dumns,  b/  a  mcaa  of  two  cipcrimcuts  conducted 
w  Muno  i>rinci|iJe,  obtained  Che  number  14*01,  or  I75*l. 
19.  Siher, — Tbc  oombiitiDg  number  of  this  tnetal  has  been  ro- 
idly  dct«rTuiaed  with  vi-ry  great  care,  lu  it  forms  a  funda- 
3il  itntuiD  in  these  inquiries.  Do  Marignoc,  by  preeipitation 
known  weig^lit  of  mIvct  from  its  aolulton  in  nitric  neid,  as 
Sde,  eitimatcs  the  L'quiralent  as  107*97 ;  and  the  eKftcrimcnts 
cloozc  and  of  Maumenf  agree  iilmu*t  cxnetly  with  tbis  rc*nlt. 
as  baK  also  conlinncd  this  result  by  burning  finely  divided 

■  in  I  current  of  dilorine  gns ;   and   tbc  number  dcthiccd  by 
foxn  liis  experiments,  was  107*945.       '08,    oir   1350,  may 

ton  be  takeu  aii  the  atomic  weight  of  silver, 
e.  Sodium. — Berzclina  found  that    100   parts  of  chloride  of 
m  ^avo  by  precipitation  344'6  of  chloride  of  silver  ;  tbc  cqiu- 
t  of  ftudium  wvuld  therefore  be  23*17.     PeKiuxe  found,  as  a 

of  tbree  experiments,  that  100  |>arts  of  silver  n>]uircd  for 
pitatioD  54*144  of  chloride  of  sodium,  wliciioc  the  eiiuivaleut 
diinn  would  be  il-^j,  Dumas,  kn  a  mean  of  seven  cspcriments 
umilar  kind,  obtained  tlie  mmiber  dyoi  ;  and  Stas  fbuiul  it 

33*05.     It  may  he  taken  ns  23,  or  i87'5. 

Etntium. — rbe  number  for  thi«  metal  was  also  obtained 
method,  viiL,  by  ascertainini;  the  pruportion  of  silver 
in  weight  of  cbloriile  of  ntruiiliiim  ri-quired  for  preei- 
On.  Stroincycr  thus  ti\cd  the  nuoibcr  at  43*67 ;  Dc  Marignac 
f77 ;  Pelouse  at  43*84 ;  and  Dumas,  from  a  numerous  acnoa 
pdriments,  at  43-74.  or  5467. 

a.  Sulp/iur. —TUa  e«iuiialent  of  sulphur  was  catiniatod  by 
4ius  from  the  weight  of  sulphate  of  lead  formed  by  oxidizing 
own  weight  of  lend  with  nitric  ncit),  anil  heating  it   with  an 

V>f  nulphuric  acid  till  tbc  weight  ceased  to  alter.      As  a  mean 
(eiperinients,  loa  puts  of  lt«d  yielded  146*45  of  sulpliate 
t  henoc   the  equivalent  of  snlphiir  would  be  16044;  this 
t  was  coufirmed  by  converting  chluridu  of  silvej-  into  snlphiile 

■  current  of  dry  sulphuretted  hydrogen.  Erdniann  and 
liaud,  by  distilling  (nnnnhar  with  copper  toraiugs,  obtained 
100  parts  of  ciutmttar  86213  °^  mmcary  as  a  mean  of  two 

Omenta,     Tbis  would  make  the  e(|uivalcut  of  sulphur  exactly 

E, — a  result  which  agrees  with  those  of  Dunuis,  who  con- 
ven  weight  of  silver  into  uulphide,  by  heating  tlie  tsetal 
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in  tlic  vapour  of  auigyliur.     As  a  ueaD  of  five  auch  experinRiii^ 
lie  oblainod  tLc  number  i6^i,  while  Stas  foonil  it  to  be  iS'Ojji. ' 

43.  Tetluritiut. —  i".57l5  grainme  of  tclliiriiim  nhen  osidiaedlf 
nitric  ucid  aud  heated  till  ihc  excess  of  Ditric  acid  wna  vx[ 
left  «  residue  of  TeO^,  wliidi  Berzdiiis  found  to   weigh  I'l 
gramme;  liciicc  the  number  for  tellurium  would  be  64' 15. 
I)um&.t,  from  exiK'nuiunU  not  iiitlicrto  {luUI'^lied  iu  detail, 
it  as  64-5,  or  Soffi^. 

44.  Tin.— ICO  psu-ts  of  tin,  when  oxidited  by  nitric  add  nl 
ignited,  were  found  by  Uerzeliua  to  yield  iiyi  parts  of  jieroiddc; 
from  Khicb  the  nunibiT  for  tin  would  be  58-82.  Mulder  stiMi 
that  he  obtained  from  icx3  parts  of  this  metal  t2j'^6  of  perosidB 
of  tiu,  which  would  give  the  number  5^05.  Diiman,  on  rrpcatnf 
this  experiment,  obtained  the  number  5903  for  the  metAl, nudtlui 
rCKnlt  was  confirmed  by  experiments  on  the  qiisutity  of  «iltcT  re- 
quired for  tl)e  prccipttJitiMn  of  a  known  weight  of  bicliloride  of  tin. 
The  atomic  weight  of  tiu  may  therefore  be  takcti  at  59,  or  JiJ'y 

45.  Titanium. — The  nunilx-j-  for  thi»  uii'lol  re«t»  upon  Ik 
analysis  of  its  bichloride.  Rose  found,  as  a  mean  of  four  cxpec- 
ment«,  that  100  parts  of  tlie  bichloride  contained  74*4'^  of  dilurioe, 
which  would  ^ve  34't2  as  the  atomic  weight  of  titauium.  later 
cxpcrimeuts  by  Isidore  Pierre,  nccra  to  fix  it  at  il5'i7,  or  3I4*7. 

46.  TuHQuleu. — ^'llie  number  94*64  given  by  Uerzctiits  «i 
only  an  approximation  to  the  trtiv  one  for  tbiit  metal.  Scbncidir, 
on  rcjieating  the  experiment  of  reducing  lunatic  acid  in  a  cuimii 
of  hydrogen,  found  that  too  pnrls  of  the  acid  yielded  79'3i&  of 
the  inetid,  and  on  oxidizing  metallic  tungsten,  and  reconverting  It 
into  tungstie  acid,  be  found  79"327  parts  of  metal  furuislied  too 
of  acid  ;  the  atomic  weight  of  tiingKten  from  the  mcnn  of  tbcae 
resulta  would  bo  9:06.  Marcliaud,  by  similar  cxpcriiiieut«>,  fixed 
it  at  91*05,  a  renult  completely  confirmed  by  Dunias.  It  may  be 
taken  as  92,  or  1 150. 

47.  Uranium.- — Some  doubt  exists  as  to  the  exact  combie 
number  of  this  metaL      Wcrtheiro  estimates  it  at  740-51,   fn 
1I1C  double  acetate  of  soda  and  uranium ;  and  Ebetmcn  at  7 
from  the  oxalate.     Klielmcn's  number  would  give  the  num 
the  hydrogen  scale  as  59*43  ;  but  Pfligot's  estimate  of  60,  or 
is  usually  adopted. 

48.  Vanadium. — Tlie  atomic  weight  of  this  metal  was  detei 
by  heating  vanadic  acid  in  a  current  of  hydrogen.     It  was  tha 
duced  lo  the  protoxide.     Berzeltua  found  as  a  mean  of  four  e» 
men ts,  that  i  co  p»ir\%  ot  VW  acA\»A  *««  -iff  ■•■jvi  qjC  t^^.'^^-n.     ll 
tlic  atomic  wcii^Ul  o\  \W  TO«t«\  'w.  ^tXcviaSsA.  *.  W.'  ^^„ ««  >.■ 
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49-  Zinc. — Favrc,  from  the  analysia  of  the  oxalate  of  ziae, 
nd  from  the  dclermiimtion  of  the  qiiantily  of  Iiyclrugcti  which  a 
ifca  weight  of  aiuc  liberates  during  its  solution  ia  hyJrocrhloric 
ciil,  fixed  thi*  equivalent  «t  33"Oi  and  Jaciiuelain,  by  tlic  decom- 
litiou  of  the  nitrate  and  of  the  sulphate  of  sine  by  heat,  obtained 
be  number  33'12.  The  original  niimbfr  givrn  liy  Bcrzclius  fop 
hia  metal  was  33'25.  Subsequently,  A.  Ei-dtnann  prepared  a  pure 
raide  of  zinc,  mixed  it  wiib  pure  charcoal  obtiiined  from  sugar,  and 
liatilled  the  zinc  in  a  current  of  hydrogen  ;  be  then  oxidised  the 
Dctal  by  nitric  ucid,  and  converted  it  into  oxide  by  ignition.  The 
lombining  number  of  zinc,  taking  a  mean  of  four  experiments  con- 
ducted in  this  manner,  was  ."JS'^a,  or  4o6'5g.  PelouKC  obtained 
the  aame  luiiiibcr  from  the  analysis  of  the  lactate  of  xinc. 

50.  Zirconium. — Ax  a  mean  of  six  experiments,  Bcreelius  found 
that  100  parts  of  sulphuric  arid,  (SO^),  required  75'S53  of  xirconin, 
in  order  to  form  the  sulphate  of  the  earth.  Fluoride  of  zirconium 
rorniA  with  fluoride  of  potassium  two  compounds:  in  one  the  fluorine 
s  conib|nr?d  with  zirconium  and  potassium  in  equal  quantity;  in 
the  other  the  ratio  of  fluorine  to  the  zirconium  ia  a«  3,  if  that  nith 
potassium  is  a :  hence  Bcrzelius  considers  that  zircosia  contains 
ZrjO^,  and  the  combining  number  of  the  metal  It  33  ,59,  or  41 973  ; 
but  Dc  Marignnc  has  sliown  [sec  nolr  p.  484)  that  zirconia  is  more 
probiddy  ZrO,  in  which  case  the  number  would  he  12*4. 

(89  j)  Tat'le  of  Combining  Numbers. — We  may  here  sum  Up  the 
foregoing  rcNultii,  by  ntatiug  that  the  following  numbers  may  be 
taken,  for  the  purpose  of  calculation,  as  representing  the  atomic 
weights  of  the  elementary  Iwdics  on  the  Iiydrogen  scale,  Thoy 
differ  but  verv  slightly  from  the  numbers  given  at  page  18  of 
parti:— 


A]<uaiDaiB  ■ 

■     '3' 7 

Gold  .    .    . 

.  igfi-fi 

PotMniam    . 

■    39"« 

ADtimony   . 

.  lai'o 

llyJmgen    . 

1  a 

Bhoiiium     . 

•    53' 

ArMMiid  .    . 

'.   (i-s 

loiiiuc     .     . 

Rulbcuiuni  . 

■    5»'« 

]}<riuia  .     . 

Iridium   .     . 

Svleuium     . 

■  3y'" 

Kamutb .    . 

.  J 103 

Iron    .     .     . 

.     j8o 

SibcoQ     .    . 

.   140 

Boron      .    . 

lo'd 

I^ritbftnam 

.      4^0 

Uilvpr.     .    . 

.  io8^> 

Btv>aiin«  .    . 

.    «oo 

liOflll   .      .      . 

■  i«3'^ 

Sodium    .     . 

-    330 

Cadruiiim     . 

•  :fi''> 

Litliiiira  .    . 

■      70 

Strontium    . 

.    4rs 
16-0 

1    Calcium  .    ■ 

.    joo 

Mognft'iua)  ■ 

.     II-I6 

Sulp)iur  .    . 

Carbon    .    . 

.      60 

MaitKaai-Ba  . 

•    »J'5 

Tiuitnlum     . 

.    6H-8 

'    Cerium    .    . 

.    460 

M«n;ury  ,     . 
UolybaoDum 
Niokol     .     . 

.  1000 

Ti'll'iriufu    . 

■    64-3 

Chtorie*' .    . 

■     »w3 

.    480 

TlioriiiDm    . 

-    S9'5 

Cbrouiium  . 

■    tvr, 

Tin      .     .     . 

■    WO 

Cobalt     .    . 

■    »9S 

NiCroKRO 

.    140 

Titanium.    . 

.  'r.-o  , 

Columbiam  . 

.     4«-» 

Ovmiuia  .    . 

;  'l^ 

Tuuijati-o 

.    9ro 

Copper    .    . 
TMajmiun)  . 

■    3'"! 

Oxrjien   .    . 
Pidladiuia    . 

{Trauium .     . 

.    600           1 

.    480 

-    33'» 

Vanaiiiam 

■    fi8-5          ' 

Fluoriac ,    , 

.    lyo 

Plio«|;tiorus . 

•    310 

Ziiut    .    .    . 

■    W' 

Glaiiiuitai    ' 

.     47 

Platiauiu 

.    986 

'i,\t<XtW!i3&    . 

■  -s;^ 
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(895  a)  Oh  tke  Numerical  Reiaiiona  <if  the  Proportioaa}  ,\W 
i*T»  «/  the  ElemenU.—^cwn\  years  ago  Prout  started  tl»  ii 
that  the  nnmbcrs  wliicli  represent  the  combining  proportii 
the  different  clcmeulary  IxmIic*  were  mulUiiIea  by  wliole  n 
of  the  cuintMoiiig  proportioa  of  hydrogen ;  and  he  attributed  tW 
various  caae*  of  »|iparent  deptuturc  Iroin  this  {irupositioii  to  i» 
accuracy  in  the  es|)crimenlal  dcternuDatious  of  the  coinhiaia 
pro[>oruon  of  tlie  exceptional  bodies.  Since  that  pcrtnd  an  » 
creased  decree  of  preciftioii  has  been  attained  in  ex|>erim«iib  < 
this  nature,  and  many  of  the  apparent  exceptions  to  Prout'a  i4e 
have  been  removed. 

Indepcudently  of  the  importance  of  accurate  dctCTminatkNni 
tbc»e  nuiubcra  for  tbc  purposes  of  ehenitcal  analysitt,  lutd  IW  A 
tracing  out  of  quaiititslive  relations  bctvcen  thu  chemical  equin 
lenta  and  certain  physical  properties,  such  as  the  <)ea>>ity  and  ifc 
^Gc  heat  of  tlie  simple  and  compound  bodies,  tbc  verificatico  n 
disproof  of  Prout's  hypothesis  actfiures  a  liigli  inten-st  bom  ifl 
connexion  with  the  nature  of  the  clementaCT  bodies  th^piselte* 
lor  if  tiic  conibiniug  proportions  of  all  the  ekmciits  be  multipleilf 
whole  niimbera  of  tbe  eombiuing  proportion  of  hydrogen,  it  is  Ml 
abwlutely  impossible  that  the  various  bodies  at  prcacut  regiiM 
as  elementary,  may  iu  reality  be  comjiouHds  of  a  Mugic  prlmoiA 
snbetance  condeuacd  in  different  degrees  in  the  various  so-cslk 
elements. 

If  esj»eriiiient  justilies  tbc  hypothesis  of  Prout,  it  would  h^ 
possible  tliat  the  three  following  pnqxnitionB  were  tmc : — 

a.  Similar  ciuantities  of  this  one  elementary  principle  tnifkli 
by  variety  in  the  mode  of  their  arrangement,  form  bodies  (1 
prcscut  n-gnnled  as  ebrmeiitar^-].  or  radicles  of  etitial  atomic  wcig)^ 
but  eiidoned  with  distitict  properties. 

b.  A  radicle  tntermodiate  in  properties,  and  in  its  comliiais 
number  between  two  other  radicles  of  the  same  group,  in 
produced  by   the  union  of  half  a  molecule  of  the   two 
radicles, 

c.  And,  finally,  the  Kiippoeed  ooBStitntion  of  these  radicles  (1 
bodies  at  present  regarded  as  simple)  might  lie  osaimilated  lo 
compound  radicles  of  organic  cheinistiy   of  known  oonstitai 
There  would  be,  however,  this  important  distinction  between 
rudieles  of  mineral  elicutislry  and  those  of  organic  origin; 
that  the  radicles  of  inorgauic  chemistry  jxis&esa  a   stubili^  ti 
nttely  greater  llian  tlio«e  of  the   organic   creation — a  stabililT, 
indeed,  of  such  an  qtAct,  VtiA  *.li«  vf««nt  reaources  of  anal, 
chemistrv  aic  msuffiicienl  \o  tSwA  <ft«M  ^wwswjwesixM^ 
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Tbc  probability,  on  tlie  other  hani,  of  stich  views  would 
ilivioiLsl}-  1>e  UL>gittive<)  if  the  dumcnts  exhibited  uo  vuch  multiple 
'elation  in  their  equivalents. 

C4.TtuiD  rL-tnarkublc  n.-lntiuU8  wbieh  exist  betwerai  many  of  these 
tuinbcrs  have  been  pcnnted  out  by  various  chemiat^.  'lite  whole 
ibjcct  of  atomic  ncightn  liii;  n.-ci-ut)y  been  subjected  to  a  careful 
'erUion  by  Uumas  [Ami.  de  Vhiinie,  111.  Iv.  ixg).  An  the  renult 
if  bis  iovcstigatioDs  and  calcuIatiou«,  Uiiincis  coucludca  that,  in  a 
modified  aeiise,  Prout's  law  is  true ;  mid  he  coiwident  ihnt  tlie 
clcmrntory  bodies,  the  atomic  weights  of  which  he  regards  as 
lecurately  knoMm,  may  be  arrauged  in  three  group*;*  vis,, 

1.  Bodies  which  arc  represented  by  multiples  of  a  whule 
number  of  hydrogen. 

3.  Multiples  by  the  number  o'5  of  that  of  hydrogen. 

3.  Multiple*  by  o'lj  of  that  of  hydn>gen. 

I.  Bodies  which  are  multiples  by  a  whole  number  of  tlie 
equivaleut  of  hydroguu: — 


Hydrogen  . 
Carbon  .  . 
Oxjicni .  . 
HitrugcQ  . 
Siticuu  .  , 
Sul[>liur.  , 
Fluorio*  . 
Calciam .  . 
Sodiwn  .  . 
Iron  .  .  . 
Pliocphonu 


I 

6 
8 
>4 

[i 

'9 

30 


3< 


MoIyMranm 48 

Oadmhun s6 

Tm M 

Amenio jj 

Bromine .~   Vo 

Tuuj;«t<D 93 

Mercury loo 

Silver loS 

Antimony taa 

Iodine 137 

Bbrauth 310 


1.  Multiples  by  0*5  of  the  equivalent  of  bydn^en. 


Mjinf[aa(>M 37*5 

CoIibIL 39's 

Nii-'kul >g'5 

Chlorin* 355 


Tellnrium 64'S 

Barinm ^5 

Onnium 99*5 

Lc«i I03'5 


3.  Multiples  by  O'z^  of  the  equivalent  of  hydrogen. 


Aluminnni I3'75 

Copper 31-75 

iaiiio 33';r> 


Soimium 39'7S 

Strontima +3'ja 


•  Stjis,  huirf  vi-r.  arrive*  nt  an  opposite  ponchision.  IleliUfastpublidMdft 
luugniidnitrat  liiIfUrionsserieiLof  rcsfurclirs.  wiiicli  itnppRarealnioniinplMribla 
to  oiirpiiM  ill  pr^cinion.  In  tills  mc^tnoir  lie  gives  tlic  foUoiving  unmoor*  for 
BOmo  of  tilt*  most  iiaportont  elvtuouts : — 


OxyK*ii 8 

Silver IW945 

Chlorine 3r>'4^ 

Potaisium 39' 13 


Sodium 33'OS 

Nttro^pB t4'ft4i 

Sulpliur 16*0371 

Luad I03'456 


Tbeof  TMulU  &sr«  beai  oblaiaei  in  co^  cue  bj  scvcn^  diiSct«vi!cvtwaMM»\ 


864  K&tio  or  rnoToaTioNAL  kcubcrs. 

The  rcUtknu  exiiibited  bctveen  the  miinbcrs  of  muijr  of  | 
bodie*  vliicfa  arc  ch<!tnicall>'  allied  are  often  rery  remarkable: 

1,  Thus  it  ha-4  becu  ohserTcd  thnt,  in  several  iofltiincn  «lfl| 
two  clemeuls  arc  in  cIokc  chemical  relation  to  each  otlier,  ikt^l 
have  atomic  vteighis  vbicb  arc  identical  j  tliis  hafipcm,  farj 
cmimple.  with  the  following  paira  of  bodies; — 


Cobalt  ftuil  aieVel -     .  ><)'£ 

IituitJiaunni  *nd  tvrium .  46*0 

Bkodinm  bik)  ntlbcDinm 5>*i 

Flfttianm  and  triditwi gfi'^ 


3.  In  other  ca»e!t,  the  ratio  of  the  atomic  weights  is  as  t 

for  inntance : — 

Oijs«i  .    =    8        Siilpbur  .   ^  16 
AluminuDi  =  ij'jj;    Msukbum  =  37-5 


^^^^      J.  It  has  also  hocn  stated   that,  where  three  elements 
r  to  the  same  nnttiral  group,  the  atomic  uei{;ht  of  the  inti 

I  clement  is  frequently  equal  to  the  raean  of  those  of  the  two  o- 

I  tremcs.     This  is  true  in  tlie  case  of 


lithinm.   =    7             7+39 
Soditim  .    =  33      ;  =  33: 


tlic  number  for  sodium   being  the  arithmetic  mean   of  those  fiii| 
lithium  nitd   potasnium:  but  this  is  the   oidy  cose  tti  whivh 
relation  is  rigidly  in  accordance  with   the  cxpcrimeiUa]  uumboiLl 
SLi>'cral  groLiiis  agree  very  nearly  with  such  a  supposition,  but  tfel 


anil  tlip  differeniws  betWNd  the  rwiona  oumben  llrns  Mrived  at  for  tJie  moo 
IiiKiv  OTV  in  all  oues  much  noallet  than  tho  dififirDDro  betwMU  tlic  Dm 
rwult  aud  tbe  whole  nnmlirr  r«qiiin>d  by  Prwut's  law.     Tbcw  nuintien 
(ibuin«d  by  oprr<iling  ti  illi  ba1aniv«  of  iiqu^tidI  ilnliRae;  ;  oiid  a|M>a  q 
much  lar(!<'f  tl""'  '■  cml'Cmu.ry  in  rcJiidraiii'ii  of  thu  kind. — lh«  qi 
nmoiiiitiuB  in  «Oui*  t'luof  to  lu'nrir  ft  pound  weight  of  Ui«  miili-TiBU. 

The  iiiimbcra  thus  ubUitii-d  Jo  cot  UiU'it  froiii  thoM  of  Iliiiujui.  or  iadwd 
from  tboai'  in  Ki'ni-rHl  uw,  sufficit^iilly  lo  aD'cL't  any  cslnilatioDS  of  aaaljM 
foiini)i<du[K)u  them  ;  but  front  thi'  rarii'tv  >)rn»?tbniIicinij|oycd,sn<i  Ihseiln- 
ordinsry  drRri-i'  of  c-nrit  ami  prccinion  wita  whieh  the  cxpcnmeota  wn*  or'" 
Ihc  ri'iiultx  urci  of  tUi'  liiijlirct  vdiin  in  rrlntion  to  lh« brpotbesia  of  I'rovL 

M-  Stiw  poncludo"  hi*  tiirmoir  «ilh  ihpsc  irorda  :— 

■  So  long  Ha  we  ndlii-rr  lo  the  rMullaof  I'lperinnftit  forlheeiitabUahiBeBlOf 
tbp  law*  by  wbk*h  nutier  i"  povi-rni-.l,  vrn  uughi  lo  oouid^'r  llie  Uw  of  VtiM 
na  u  pure  illutiiun.  aud  should  rt^Kaid  ihe  iudMampOMblp  aiib^tancin  oton 
Ijlobu  KB  iliiiliuLiL  bodioH.  L.ivio|(  uo  feiiuple  relation*  bMwnnt  Uirir  atmilM 
wi.'ij;Lt8.  Tiio  und^iiiahlo  anali'i^  iti  proporli*-*  nhicli  u  obarrrocl  in  irrtjia 
of  llx*  I'lcmnnts  niiot  be  nought  for  in  other  raiuM  tliau  tli««e  dnriTsblc  fnoi 
1li«  ri-lntion*  in  irtigbl  of  their  acting  nifliwrit.' 

W'r  cacuut  t-ia  jrjJoiuly  wat«b  an;  tniaiin);  of  cxperimcntiil  data  to  mA 
i>iiribt<orii.-ii:  aadlbofewhoan  Dimiliorwilb  the  ■pn-iilntimia  00  thi-tiutiUFTU*l 
rdiiuonis  of  vhc  atmn^i:  w^i^ViW,  nututl  but  feel  ibm  (Iw  ccvem  inclbod  uf  is- 
duutioB  from  fsc\»  \vt*  vn  \.\vi*  «»Mi\«;«n  tw«^  vViaa.  "aws^-i  V\iweut\  C-com  bf 
the  (ollowet«  o(  a  »cica««\w«^i'»  v"«'f*'''™^*i  '™*  **  •vijwr.TOww. 


er^cnoc   i*,  notwitliataiidin;,  too  great  to  admit  of  boiug  nttri- 
sd  to  errors  of  experiment.     For  example : — 

«»s 


CBlcium      =  90 
StroDliun  =  4375 
Barium      =  6fi3 


Sulphur  ^ 
SelviiiuRi  = 
Tellurium  ^ 


\6 

•4'S 


i6+fi45 


=  40"35 


In  both  these  proiips,  tliR  <Iifrcreiice  between  the  experimental 

'tmti  the  cideiiUtud  iiiiiiiliur  of  the  intermediate  element  nniouiitx 

If, to  o'j ;  and  it  is  probable  tliat  tliis  (lift'erenec  is  physically  true, 

I  In  cases  like-  the   lithium  and  caleium  groups,  it   bus  been 

'  Sn^gealed,  both  by  Fcttenkofer   and   by   Unmas,  that   the   rcU- 

I'ttoa  between  the  different  members  of  the  group  may  be  aanlo- 

igovi^  to  that  nbxerved  in  bo<lies  of  orguuic  origin  whieb  belong  to 

■the  same  homologous  scries  (914].       llie  reader  who  is  desirouK 

lof  puTMiing  till.*  npeculation  will  find  it  ably  «nil  ckrarly  diHcuased 

Iby  Dumas  in  his  paper  already  cited  {Ann.  de  CMmie,  III.  Iv.). 

I  (8t)6)   OnrhardCi  Notation. — Gerhardt,  starling  witb  the  a»- 

Isnniption  that  the  cqnivalents  of  all  eoinpound   Ijodies  yield  two 

■  Tolumca  of  vajwnr,  has  been   induced  to  modify  some  uf  these 

numbera;  and  this  proposal  has  within  the  last  few  years  been 

'iramily  discussed,  und   adopted   by   some  chemists  of  cmincnoe. 

On  the  propo%al  of  Oerhardt,  the  niimliers   for  oxygen,  carbon, 

sulphur,  selenium,  and  tellurium  are  double  of  those  commonly 

made  use  of;  the»e  numbers  being  as  follows: — 


Oxyifpii 

=  16=  0 

Selenium  ^    -9\i  =  Sf 

Carton 

=  11  =  C 

Tdiiinuui  =  ii9'o  =^  le,- 

Sulphur 

=  3a  =  S 

the  other  uumben  remaining  niialtered.  In  the  inorgnnic  divi- 
sion of  the  science,  oonipaiatively  little  advantage  in  gained  by  this 
chaage;  bot  in  many  instances,  where  organic  eomponnda  are 
oouaidercd,  the  method  leailn  to  n  considerable  Hiinpliliciition  of  the 
foniiulee  employed.  A  few  formula?  are  subjoined  for  the  purpOfO 
of  con  t  ranting  them  with  tbuse  in  ordinary  use: — 


I 


Watw HO  .  . 

Poin^U KO  .  . 

Hydralc  of  Potasli KO.HO  . 

Oxide  of  »ilvor AjK)  .  . 

Hydroehlorio  Acid IICl  .  . 

Chloridf  of  I'ocainiium ....  KCI  . 

Anunoaia H,I<  .  . 

Proloxidr  of  Nilrogrn  ....  HO 

Siutaide  vf  J/itrogfa  ....  KOj  . 


Of  rbardt'i  FarmolB. 

.  .  H,0. 
.  .  K.O, 
.    .    KBO. 


KCI. 

n,K. 


'i  ¥. 


866  o£Riubdt's  notation. 

ir»ci«ite(INitfwAoid.    .    .    .  HO.NO,.    .    .  >'o,n. 

Nilmioof  IVindi KO.NO, .    .    .  NO,K. 

(:«rlK>iiic  Acid  (Anhydrid.>)  .     .  CO,     ....  COf 

CtrlronHc  of  PolaJi    ....  KO.OO,  .    .    .  CO.K-. 

KiciirbonHte  (.f  Potoih .     .     .     .  ITrt.KO.lOO,  CO,Ka. 

lljJraioJ  Sulphuric  And     .    .  H0.8O,  .     .    .  SfJ,H,. 

Suli>liatoof  i'olMh KO.SO,  .    .    .  fiOfi,. 

I)l4<ili)bat« of  I'otub    ....  K0.BO.3&0r  £0,KK. 

"ffl"*^  ^'''**'''    '''"^^'^"''U""-'^.    ■    ■  P'>.".- 

TribMicPlioaphMrof  Soda  .'    !    sNaO.l'O,  ,    .  PO.Nb,. 

Onliury  Flio«p)iato  of  SmU     .    a  :«hO.H(),PO,  PO,.\a,lI. 

^ropliwipWo  of  aodn.  .    .    .    aSnO.Pl),  .    .  P,a.N"«. 

JleUpli'itphQtc  of  S»d*.  .    .    .    K»O.PO,'    .    .  POjK«. 

Alummn A1.0.  ....  Al^Oy 

Ai.m(dri.d) i«^-|^;+.'^'^***JMi.4So. 

Oxide  of  Chromiam     ....  Cr.O^  ....  Cr^O,. 

Cbromio  Acid CK>,   ....  Cr.CC. 

Ohromftlc  of  Potniih     ....  KO.CrO,.     .     .  K.Cr.O,. 

Biriironiflii-  of  Poliub  ....  KO.aCrO,  .    .  K;Cr,Oj+Cr,0, 

Gr«ir  Oxide  of  jkleroury  .    .    .  Hr.O  .    ,    .    .  Hg,(y. 

Cdomcl UkJCI.    .    .    .  HkiCI. 

ll«d  OxicJ«  of  MorcuTj    .    .    .  H^O  ....  Hb-O. 

CoitmIvo  Sublimate    ....  HeCI  ....  Hifcl. 

HrtlraUM)  A<'«tii;  Acid     .    .    .  nO.C,H,0,.    .  C,n^O,. 

Accwtc  of  PoUali KO.C.HjO,.    .  C,II,!C'5»- 

Acetic  Aubydride (C.HAlt    •     ■     ^."|0'.«  I  Sh'o]  ** 

Alcohol HO.C^H.O  .     .     C.U^O.  ' 

These  iIlustra(ion»  of  Gerliardl'a  Afslein  are  suflicient  to  show' 
that  in  ccrtxin  case*  it  «lmit§  of  bciug  hsppil;  applietl  to  oom- 
jioundH  of  inorganic  origin,  :i«  well  uk  to  tlie  more  complex  bodio. 
derived  from  tht-  cltirarttnciit  of  organic  chemistry.  The  acid  ml 
pbatCH  Hiid  carlwniiteii  are  t)iti»  iin^iiiiiliilcil  to  llie  normal  aiilftluti 
aud  carboaAtCK,  and  it  vrill  be  observed  that  the  diljasic  nature 
the  acid  iu  both  the«R  fumilies  of  »nlbi  in  k  ncces.-'arjr  coii»«qu 
of  the  eoD»t!tution  of  its  nioleoule,  the  smallest  particle  of  rhi 
ix  repiT»eiiU-d  in  the  ottse  of  oil  of  vitriol  (SO^Hj),  a»  oontnisii 
two  atoms  of  b^dro^en,  both  of  nhieh  admit  of  di8))laceiuent  br 
nn  alom  of  a  nietnl  (sudi  as  poUMium  or  copper)  which  corrt 
spends  ill  basic  po^er  to  hj^tlrt^eii.  In  other  iustnDCCs,  as  in  tbi 
]t}Tn|iho»{>hntcit  and  the  compotioda  of  chromium,  the  formiilie  »t 
Oerhitrdt  are  moi'e  eomplicaled  than  those  in  ordinary  use. 

The  notation  iu  cuuimoa  use  has,  however,  many  advantage) 
over  that  proposed  by  Gerhardt  :-^t.  The  ordinitry  syotcm  is  koow 
to  every  one  who  baa  made  the  Bcieaee  of  chemistry  bis  atodv.* 


1 


*  The  conftuiioTi  intrmluoed  bv  tli«  new  tiotatiou  would  he  kmaetned  it . 
advooatea  of  tbe  new  v'lewt  «<>m\&  il^«o  \a  WiacUA  Om  doabis  atom 
oxygen,  cubon,  or  »u\v\v«iV'j\VoijWi.'aS"a«n^«»,«V«>&«oifc«»ia*A. 
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11  Uio  nienioirK,  witli  the  exception  of  a  &«  iit  later 
1,  m  wntU:n  in  accordiincc  witli  tliU  system,  and  a  change  of  ' 
tioii  wt)ul(l  at  o»co  rcDdcr  tlie»e  mvrooin  lew  cwiljr  BcccAcihlu 
intulli]|;i))1c. — 3-  The  ne«  Dutatioii  is  uot  in  barmoii}-  witli  tUa 
pun;  of  CUetuiMtrj' ;  'SO,  for  cmniplc,  would  be  called  bmaridr 
■•■■.  hilt  "■ritlcti  aa  a  proloiide. — 4.  The  present  B)-§tein 

I 111   ia  capable  uf  vxprcsKitig  all   the  later  theories  niitb 

bet   pred«on,  while   it  is  applicable  to  the  older  views;  but 
new  iir>tation  is  not  npplteattic  to   many  of  the  older  views, 
the  ordinary  uotation,  nitrate  of  potaiili,  for  instaucc,  may  be 
innitvd  cither  a«  11  compouttd  of  potash  aud  uitric  acid  (KO, 
■J,  or  aa  a  comhiiiation  of  potaaiiuni  with  iiitrioii  (K.NOJ,  or 
Ml  M^rcigatioii  of  pnrliclc«  without  ladicatitig  any  specific  mode 
■omhiiiatiou  (KNOJ;  whereas.  Id   the  new  notaliou,  uulesi 
(pritictplc  it>  alMiidotiiil  liy  doubling  the  formiilic,  it  is  impostiibic 
t  (KNOjt  ahmdd    he   represented   as   formed  of  piitii«h   and 
"SO  acid.     It  wonlil,  therefore,  he  a  retrograde  step   thus  to 
"•■'•TO  our  notation  the  power  of  iudicatiuc  the  wnsiitulicMi 
ji   class  of  cotniiounil*  upon  n  view  which  has  lung  been 
^or  ieaa  prevalent. — j.  Any  extensive  change  of  uomeiiclUun 
^botution,  while  the  truth  of  the  theory  upoa  which  it  rests 
B  uixler  disotiisioit,  cannot  but  lead  to  serious  iiiconvcnicnoe. 
mch  s  practice  were  admitted,  every   new   theory  would   be 
*<     ^   tu  intrixIuL-e  a  new  language,  which,  in  n  continually 
(■  eciciicv  like  Chemistry,  would  soon  give  way  to  an 
nlly  transitory  Hncocsnor.     ChcmLttry,  it  must  be  rcmcinliercd, 
■ily  a  ecicuco:  it  is  oImj  an  art,  which  has  iulruduocd  its 
.Hire  and   ittt   uotution   into  our   mann factories,  and,  in 
^kieasurc,  even  into  daily  life ;  it  ia  therefore  specially  ncccs- 
^B  liewnre  of  needless  innovation  in  it-t  terms  and  symbols. 
^Bateui  of  notation,  it  mu»t  also  be  borne  in  niiud,  is  a  mere 
^b   oontrivance  to   represent  to    tlic   mind  certain  changes  : 
^Bain  hypathcscA ;  and  to  argue  for  a  system  of  notatioi)  as 
^B  it  WL'ru  anything  more,  iw  has  somctiniea  been  done,  sltows 
^K  of  true  appFccislion  of  its  musaiog. 

^■0  f|(ic"tioa  to  he  considered  'a.  not  simply,  Vhat  is  in  the 
^■et  tilt'  l>est  mode  of  notation,  hut.  What,  considering  all  the 
^Bslitnccs  of  the  8cil'ncl^,  iiUKK-sses  the  greatest  advantage. 
^Hystom  of  notation  which  is  consistent  with  itself,  and  which 
^■Uaolf   most   camplctcly   to   the   itxpressiou  uf  the  various. 

^^Mons  tiy  (Irawitiu  ■  lin*  thnHtmh  the  Irtter.    Tho  iams  obJMt  mt^hk.j 
^■ud  bj  wrlititg  Uip  now  syiuMb  in  lulio  capitali,  as  in  Ihti  rorogoiuf 

■  3  K  2  . 
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theories  and  aapectB  of  the  science  which  have  been  maintuned, 
or  may  be  maintained,  is  therefore^  philosophically  speaking,  the 
best.  And  such  grounds,  it  appears  to  me,  exist  &r  coutianiDg 
to  use  the  system  hitherto  generally  adopted. 

This  question  of  notation,  it  must  be  observed,  is  entiTcly 
independent  of  Gerhardt's  theory  of  the  atomic  conatitation  of 
the  elements  to  which  he  proposes  to  apply  it.  Even  those  who 
admit  the  truth  of  his  hypothesis  may  still  express  the  mole- 
cular coDBtitution  of  compounds,  as  he  did  himself  in  his  TVailt, 
by  the  ordinary  mode  of  notation. 


p^^^^^^^^^^l 

^^^K                                                                  ^m 

^^H      INDEX  TO  PART                            ■ 

1  Acn>,  sntunanioi  6,^4 

Add,  mol^bdio,  604                                       ^^H 

,,      iintiiiioniout,  634 

iDUrutlc,  leg                                        ^^H 

„     (manic.  61M 

nllhc.                                                    ^^H 

„     kncnloun,  Slfi 

nitniniurialie,  115                                     ^^^| 

„     »urio,  ;,J 

■liLnwiiliiliurio,  i;g                                ^^^| 

,,    biiiDutiiic,  fm 

,1    nitroui,  OJ                                             ^^^| 

„     bontoio,  Jj6 

„    oiDic^  767                                             ^^1 

„    bornHuorio  (fluoborig),  tig 

„    ouDim-onmio,  ;68                                  ^^H 

„     bretnio,  ij6 

omlio.  t6i                                             ^^H 

„     rarbunk,  49 

„     porcblaric,  115                                      ^^^1 

„    chlorhydrte  (bydiwliloric;),  109 

,,  pCTlwIic,  143  ■ 
„     iwnuitnK'inio,  f  Ko                                          1 

„    ch1aili]>dni(u1|iliuriu,  i;i 

„     oUIoric,  Hi 

,,     ]»hoHphntic,  tro                                     ^^^1 

,,     clilotiiOirlKiii'o,  1^1 

„     pbiiepliorir,  lOi                                         ^^^1 

„    cliTo [twill "iTjic,  J70 

„     |>bnn|ihi>n)U>.  ito                                       ^^^| 

„     ohloroinoljrtKtio,  (to6 

„     [irUMic  (bydmcjTinio),  i6g                               1 

„     eblorouo,  116 

,,      pyrognllic.  pbohtgrnphia  UN>  oi^  83;       M 

„    chlorcMulphuric,  179 
,,     cUoratDDgitic,  Cii 

„     pyropboapborkC,  lOJ                                  ^^H 

,,     clininiic,  56A 

Mbtriic,  19J                                           ^^^1 

,,     cnvyiiiiCk  966 

HvludMlMI^    191                                                              ^^^H 

,,    nyiL'ik,  i;j 

„                                                                                                          ^^^1 

„    ojrnnuriL',  174 

„    dithonia  tliypoaulpbotio),  177 

■iti colli] orio,  ij]                                    ^^^1 

,,     flt&nnift.  594                                                 ^^^H 

„     foirio,  547 

„     ■ulpbanonli!,  6]t                                         ^^H 

,,     Hooboiio  (borofluorio).  ijp 

„     lulphantimonio,  638                                          1 

„     lluodUfi?  (illicollaoric),  ijt 

„    (ulpbantiniunlouii,  (137                           ^^fl 

,,     ftjhiiiMitv  l"5 

H     aulpbiii^Brboiilc,  1K7                                  ^^^1 

,,    fKliriiiiiiriu,  i;5 

aulpliO)y|>hiU[ihu[ic,  117                          ^^^1 

„     hydriiitlic,  t40 

•ulpburiR,  i6.t                                             ^^H 

,,      bycjrubroiiiir,  1J4 

(Ul|ihuriu,  inipurili«*  of,  171                    ^^H 

„      b.vdnKbloric,  109 

,,     Sulphurouc,  159                                          ^^V 

„     WUurio,  195                                                  1 

„     bjdnwyiiniP,  169 
,,      hydrofftioborip,  (40 

„    lallunnia,  195                                        ^^H 

„     hyilnilliiorit  Ifloorlct,  147 

„    celmthioiiic.  t;S                                ^^H 

,f     by  drill]  uoHilKiio,  33J 

„    titenic,  600                                           ^^H 

tt     hydrftH^brini:,  11^3 

trlbamc  pboiphoric,  105                        ^^^| 

„     hyilnN>ul))burio,  iSl 

IriUiioulir,  17(1                                             ^^H 

„     hyporbldfoUD,  117 

„     taiH[Htic,  60S                                                ^^W 

„    hjiKinitria,  gs 

TUItliiu.  4lj                                                                               1 

„      liyponkrom,  93 

Aoidl.  mUdq  of,  ou  utU  in  •ulutioo,  776              1 

„      hypophiMpboromi,  lit 

„    Ambiguity  of  Ihe  term  [nairl.  4                    1 

„     hy|uiiiTil]jliuriu  (dithloitic),  177 

„     RDd  tuioa,  oflcD  oxidited  bodiH,  1 1      ^^^fl 

„     hyiHMiuliibuniui^  173 

„    dibiui<>.  339                                         i^H 

„     imlic,  (41 

„     monobMlc,  339                                    ^^H 

,,    inilo«iil)ihuTio,  17(1 

iiaaioiiclHCun:  of^  4                              ^^^| 

„     iaocjiinimo,  17J 

„     palybmic.  J,t9                                          ^^H 

„      mellllii;.  lOti 

■ulpiiBUitiwl,  (So                                  ^^^1 

(liMuo,  339                                                ■ 

„     matunlimtiiiio,  $J5 

Adbcaion,  iufluQUce  of,  on  affi^ty,  ;89               1 

„     tiieU>|ihaii)ibi>[ic.  108 

Adit  lovol,  30]                                                      I 

, ,     mvUiUnnii.'.  foj 
„    melalaiigwliu,  019 

AduUtlk,  41 '>                                                        1 

,  Affimt3,mert.o»,M"<«n«"**'*^'*^         1 

AIT 


870 


ATM 


Affinity,  disnual,  (^tricaltbeoiTof,  815 

Afterdamp,  iji 

A^Ms,  ai3 

Air,  in  water,  compontion  of,  35 
„  „         bow  meuurad,  35 

„    wvg^it  of  100  oub.  in.  of,  18 

AUbaater,  43  S 

Albite,  471 

Albumeniaed  photogruhic  plates,  836 

Alcaroth,  powder  of,  639 

AlEall  and  and,  vhense  derived  in  electro- 
1™,  80s 

AlkatirH,  eitimatio&  o^  453 

„        lepantion  bum  »ifc«Hn«  earthy 

453 
AlkaliiBfter,  367 

Alkaline  eaitfa*,  aatimalion  o(  453 
Aliomerinn  (how),  631 
AUotnipic  modificstiaiu  of  carbon,  60 
„  chrouiium,  563 

„         phoaphonu,  loo 
„  Hleniom,  igi 

ralphar,  155 
AQoy^  general  jvopertiea  o^  196 
Alnm,  464 
„      eoiioeDtntad,  464 
»      ichiat,  465 
„      atone,  465 
,,       varietiaeof,  467 
Alumina,  4(>o 

„         bj'dnttM  nf,  460 
,,         phnephatee  of,  468 
„         Besquisulphateof,  464 
„         ailicutM  of.  469 
„        eoluble,  461 
Aluniinite,  468 
Aluminum,  457 

„         alloys  of,  459 
,,  chloride  of,  463 

„  fluoride  of,  463 

,,  t«*(s  for,  461 

Atnalgamti.  197 
Amblygoiiile,  468 
AmianUiui,  450 
Aiuides  (sole),  407 
Amidogen,  104 
Ammonia,  98 

„         scti™  at,  on  lalt^  416 

„         alum,  466 

„         oarbonates  of,  413 

„  chloride  of  platiDam,  419,  75^ 

„  coDTsrsion  of  into  nitrio  acid, 

515.  "oo 
„         eatimation  of,  419 
„  hydresulphate  of,  4  n 

„  Kane's  tbeory  of,  4I7 

„  muriate  0^  41I 

,,  nitrate  of,  413 

, ,  pboephateH  of,  414 

,,  propo'rtion  of,  in  air.  08 

„  proportioD    of,    in   ram  water 

{lott),  99 
,,         solutionuf,  \oi,  ^lo 
„         Bolution  ot ,  \ni\iin(je»  ot,  \ii\ 
,,  tutu^iate  ot,  ^11 


Ammonia,  tota  for,  4 1 8 
AmmoDiacal  amalgam,  409 

„  gaa,  liquefaction  of,  loi 

Ammoniated  nlu,  415 
Amman  ides,  407 
Ammonium,  105,  40B 

„  mlphidea  of,  410 

Anpbibole,  450 
Amilcime,  471 

Analyaii  of  oiidea  bjr  bydrageo,  47 
Anataae,  600 
Anhydrides  (itotr),  5 
Anhydrite,  437 
AnbydroDR  bodies  what,  34 
Animal  cbarcoal,  7a 
Antichlore,  381 
Antimoniates,  634 
Antimony,  alloys  of,  631 
„        butler  of,  639 
„        croGui  of,  63] 
„        eatimation  of,  640 
„         eitractjon  of^  63 1 
„         glasa  of,  637 
„        golden  mlpbide  of,  038 
„         Gota'i  modification  o^  63; 
„         oiynulpbide  of.  637 
„        pentacUoride  of^  639 
„        properties  of,  631 
„         separation  ol,  from  artenic 
,,  terbromide  of,  639 

„         terchtorids  of.  63S 
„         teriodidetrf;  631J 
„         teroiide  nf,  634 
„        tersulphide  of,  637 
„         tms  for,  640 
AnWnioniuretWJ  hydrogen,  636 
Antozone,  13 
ApalJto,  444 
Aquaregia,  115 
Aragoniie,  439 
Araeoiatee,  619 
Arsenic,  614 

„         antidote  for,  613 
,,         bromide  of,  633 
„        chloriiie  of,  612 
,,        entimatiiin  of,  629 
„         fluoride  of,  633 
„         hydrides  of,  611 
„        iodideof,  613 
„       separatioD  from  other  melaL 
„        Hulphtdes  of,  610 
,,         testa  for.  613 
„         white,  616 
Arsenical  nickel,  f  10 
pj-rit«a,  SSO 
Arsenicum.  615 
Anenites.  617 

Araeniuretted  hydrogen,  63] 
Artificial  stone,  115 
Asbestos,  450 
Ansay  of  gold,  739 

„      of  m.inganeso,  J77 
„      of  silvei.  714,  716 

KtaiiTft^li«e,»MikT»v»tft,'V^'SjKiTOi 


^^V       4TM                                                                                               ^^H 

^^^M^BUmilonvr  iiuriMnrv  Ib, 

Black  fliu,6>4                                        ^^^1 

^^^^^^^p' 

Rlack  load  poncUt.  61                                  ^^^^| 

^^^^QMnilnalK«i    or    wbiaic 

Blul  riirnsor,  f  10                                        ^^^^| 

^M            >nd  111.  JO 

Hloaf liin)'.  nFlion  of  Hghl  in,  Stfl                ^^^^| 

^1       dttoniuiiiition  of  wnrgra  ia. 

lfi(a«hii>s«)inpMiDib,  lie                          ^^^^| 

■ 

Blcode.  48;,  491                                                 ^^^^1 

^H       iu  M«|Mn<nti^  17,  |i 

IMMk  t'o.                                                              ^^^1 

^^      maMif 7  i»  oaoliujitoii,  11 

Qlooiiiery  Ur^  timii),  ;}|                                ^^^^H 

^Bs** 

Ill-iwf<l|>t.  uitb^ril'niC*"- 47    '                         ^^^^1 

Pl7*t 

Bliiwpl^Ms,  )j,9                                                    ^^^H 

1*  leltM^en),  )J 

Blt]4p0t*,  Ai                                                                 ^^^^1 

BlUf'  vitfwl.  iKl                                           *     ^^H 

^»ont  j8j 

Bne-irMi  nra,  519                                         ^^^^| 

Iron,  i^Q 

BwliD):  of  iron,  sji                                       ^^^H 

U.S»i 

Uotc4;i                                                       ^^M 

pm,  411 

Bono  oMlh,  444                                           ^^^^1 

chloride  ef,  4*.] 

Bonu-'tc  IkifiKiEiiv  13A                                    ^^^^H 

|iTmt!iilcaC  411 

floni.-iiir.                                                       ^^^^1 

■llic<>niKin<lo  of.  4*3 

Darst4!*.                                                         ^^^H 

■ulfiililtw  of,  4TI 

Bonx,  jSo                                                    ^^^H 

tmu  fiM',  41; 

Boron,  131                                                    ^^^H 

t«.  4>l 

■monitiaiiii.  1.14                                  ^^^H 
„      bnmil-le,  ■.■bloriilo,  •olphUa  0^  «)9          ^H 

CMbc'DBtC  of,    414 

DltimW  ot.  4 14 

„      ctTMnUliAl,  ns                               ,^^H 

•olflule  fi(  43^ 

fluoride  of.  I  ji]                                 ^^^^1 

IWcfur,  415 

oHriilo  ■<  940                                   ^^^H 

lootlciU',  440 

Ikro-nolro-raloit*,  44;                                  ^^^H 

1%4I> 

Doylu'*  famtag  1ii|uiir,  410                            ^^^^| 

1,  MllllQ  Uf.  •>&  bH*  ill  o)!!!!!!!!!.    77S 

Itnrd'ijirootBforUoliliglniadlafiMaM,     ^^^| 

■aj  aoiibi,  jjo 

441                                                                              ,■ 

i  wkk*,  ji 

Bnid^  654                                                      ^^^^M 

kfu>,  or  cloeltaiMwitm  dtoienta,  * 

Biiuuile.  e;6                                                ^^^^H 

B^  37i 

BrlKJil-iHliluwMe,  498                               ^^^1 

^Ma Kitlie Mill uid jiotMh  bitUry, 

itrttkiinbi  m*t«l,  jtoo                                    ^^^^| 
Brlulencw  of  IDDUl^  19^                                ^^^^| 

RkLHIi 

Bro«)uuitU«^  66}                                          ^^^H 

inlwl't  llMor7  at  «Stct  ot  maw  on 

Jtroniidn,  ijs,  J)G                                                     ^H 

Blir,  ;S» 

1.  4S'! 

oh[aiidoo(  Ijfi                                          ^H 

BranBo,  fgi                                                                   ^H 

liuoi  (flndniun),  4S1 

Orooklltt,  teo                                                        ^H 

Buir''  }rtitrtm  n(  ntiniog  Inm,  5  J4 

BruiwwlEk  ifnwn,  660                                          ^H 

ORMU  of  |H>u*li  k  •Dims  of  oiyifau. 

Btiddls,  305                                                          ^H 

liuildlne  *10M*,  44  j                                            ^H 

..in.r..,/|intMli,  UMO^ilipkotdltllo- 

Ilurrtu,  jA?                                                  ^^^H 

;■ 

BunwU'c  duiiirMtlB;  fluid,  4(1                   ^^^^| 

BorpM  luttrr,  74J                                              ^^^H 

V^i1mM<i«(,6i4 

nall«r  of  da.  i^                                              ^^^^1 

^    0(7»wl'  of  (HiVft,  £4] 

^^^^H 

,         catlnuliAii  of,  A46 

CuxivM,  44s                                      ^^^H 

cUnrido  of,  406                               ^^^H 

kMlld«o4  49«                            ^^H 

,       ^UnM,  644 

1           InUlIu  ot,  A4; 

>-       nitratu  of.  64} 

oxiiWaf.  495                                 ^^H 
(■Irbi-t*  «f.  495                            ^^H 
tcMi  for.  49*                                ^^^1 

K     oiiilra  iif,  64J 

^L   (Ubnklmte  or,  64J 

^HnWiMB*f|  644 

Oihwine.  4S;,  49J                                        ^^^H 

^H^Blifel^wl5 

CkIowvoiu  vater^  440                                  ^^^H 

^BRCmAmii  iK; 

Odoidflnj',  iii                                             ^^^H 

^KI.'              lua  nf^  In  alertiv- 

Cklotan,                                                        ^^^M 

1^"                      I'laling,  8sj 

(Uartde  (/,  436                            ^^^^| 

Ri  J7f 

ttooridfl  of,  43ft                                  ^^^^^1 

iiavirJuibBi^  plMitos>*|iliio  vm  «l. 

|ill<W|>h«to  <>f.  4iS                                 ^^^^M 

^^ 

«lpkU«o<  433                             ^^H 

^•3^ 

(~l*  for,  44f                                     ^^^H 

KUmd  «n>k  Stg 

CiIoiubI,  61)4                                                  ^^^^H 

CaL 
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Catotype  proceai,  831 
CuuUafluue,  157 
OuituD'i  phoaphonii,  43s 
Carbamide,  1  31 
Cubidn  (carbureU),  339 
Car  boa,  jij 

,,      bualphida  of,  187 
„       cblorid™  of,  130 
„       deCeriDiDstioD  iifiaateel,&a.,  j6i 
Cu-boDiU  of  soda,  uioDuloui  tolubility 

of  [<»").  387 
CwboDSitvs,  jS 
Carbonic  aoid,  oonipoaitioti  of,  73 

„  extiuotioD  of  burniDg  minea 

by,  57 
„  fbnuad  by  oombuitioii,  j6 

„  ita  aolutiuii,  51 

„  liquid,  JO 

„  natural  aouroM  of,  £i 

„  preoutionB   far  brtiatliia;; 

in   atiuoaphem    coDtaio- 

„  pRidnced  in  mnDinK  water 

b;  oudatioii  uf  orgaoio 
mattar,  a 
„  quaclitv  al  in  ga«ea  eati- 

matod,  53 
„  toaU  for,  58 

Carbon  io  anhvdrida,  51 
Carbouio  oxide,  73 
Carburets,  or  carbide*,  339 
Case  hanlening,  539 
Cut  iron,  5  ib 

,,  moUeatile,  jig 

Cast  iron,   sUel,   and    bar  iron,    antdyiia 

of,  56. 
Cut  Bleel,  537 
CnUlyiis,  791,  79J 
CauDter  lodev,  301 
Celestine,  41G 
Cemeot,  Keatiag'a,  439 

„        KeeneX  439 

„        MartiiiH,  439 

„         PortliiuJ,  433 

„       Roman,  433 
SootfR,  431 
CeoiBiitBtlon  of  bIobI,  J35 
Cerite,  486 
Cerium,  486 
Cholcolile,  J 14 
Chftlybeata  watere,  36,  5SJ 
Charbon  roux.  70 
Cbarooal,  preparatioTi  of,  67 
Chemioalequivalenta,  meansof  fixing,  846 
Chemical  equivateats  of  elemeiilA,  table 

of,  861 
Chemical  rayii,  abaoiption  of,  843 
Chreaylite,  663 
Chinese  porceUin,  474 
Chlorata  of  potash,  catalytic  decompow- 

tion  of,  794 
Chlorate  of  potash  yields  oxygen,  16 
Chlorates,  114 
Chlorides,  108 

„         metallic,  decomposilioiiH  of,  361 
„  „        Mtima^auf,  1*6 


Cblocidea,  metaUio,  g«D«al  pn^ertict 

„  „  prapataUon  it,  y 

Chloride  of  lime,  1 10 
Chlorimetiy,  iii 
Chlorioe,  propertien  of,  105 

„       noir  liquefied,  roS 

„      peroxide  of,  11S 
Chlorite,  473 
Chloritea,  117 
Cbloro-nilrio  gas,  115 
Chloru-nitrous  gaa,  116 
Choke  damp,  56 
Chroma tes,  567 
Chrome  alum,  571 
Chrome  ironstaiie,  JG5 
Chrome  yellow,  56S 
Chromium,  lAi 

, ,        ohlnridei  of,  569 

„         chronicpoiaoningby(<>iMf),; 

„         nitrate  of,  5  7 1 

„         nitride  of,  571 

„        oi^tesof,  fjt 

, ,         oxides  of,  564 

„         Bulphates  of,  J71 

„         Bulphideuf,  569 

„        taroaoride  of,  571 

(eeUfor,  S73 
Cbryaoberyl,  4)13 
Chrysolite,  450 
Chrysotjjie,  837 
Cinnabar,  693 

Clark's  process  for  softening  waters,  1 
Classification  of  the  elemeats,  9 
Clay,  abeorbent  action  uf  on  ammonis, 

„    ironstone,  519 

„    VBrietiw  of,  470 
Cool  gas,  BDalysia  of.  183 

„  '     purification  of  b;  oxide  of  i 

Cobalt,  497 

„  aiiimoniacsl  derivatires  of,  50 

„  araeniate  of,  505 

,,  bloom,  505 

„  brigbt-white,  498 

„  carbonates  of,  505 

,,  chloride  of,  504 

„  estimation  t^,  506 

, ,  extraction  of,  497 

„  glance,  498 

,,  nitrate  of,  504 

„  oxides  of,  499 

„  separation  from  nickel  (Ijdn 

„       separation  from  nickel  (Rom's^ 

„      sasquioxide,  joi 

,,       sulpbaleof,  504 

,,       sulphides  of,  503 

„       teste  for.  505 

„        tin-white,  498 
Cohesion,  influence  of,  on  affioity,  77 
Coke,  preparation  of,  66 

„     puri€cHtion  of  by  Bait,  giS 
Cold  short  iron,  533 
Collodion,  use  in  photography,  833 
Colour,  inSuenoe  of  ia  photognjthy. 
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<'i>Ui(iibiuiu,  (Didliium)  fe)  i 

1 '<iinliMiin,i  number)  of  elemsnte,  nioliM 

CombnMiShw  and  mpportcn  «f  «oin- 

Combtutlon.  nukller  not  daatrojud  by,  18 
„  imtiiru  uf,  iS 

Coin jimri lion,  dyoni',  J97 
<.'*>nrrTl*,  4.^4 
C'lncurring  nfEniUo*,  794 
Coppc*,  647,  6f  J 

..      alb^  of,  6f4 

„      anliilote*  for,  664 

„       bUck  uiiiUcif,  6<iS 

„        carlioniitnt  nf,  A6j 

.,       ohlnri-lc  «f,  ^o 

,.        dioiiile  of,  A55 

„        diaulphicle  nf,  657 

„       elcctr»tjpc,  ^19 

, ,      mtiinklian  of,  6A5 

„      Lyilriilo  of,  6>,J 
_  „      iiitrvU)  of,  6Aj 

■  ,1      nitrido  vt,  657 

^^  ot«  of,  646 

^^K  pinituulphiilcsnf,  6jg 

^^H  plioipliida  of,  6f  g 

^M    „      pyrlt«,  6tS 

^^H      „         Mluilillo  of,  Df9 

^^  tnnltiiig  "f,  (>48 

,,  aulphidv  i>f,  Aj8 

.,  ■ub-broniidq  <>f,  661 

„  lubohloridpof,  fijg 

,,  aubiixlidcor.  661 

„  mbailrUcor,  663 

„  tubaulphata  of,  Ml 

„  MllpluiUoffMl 

„       tn>U  (or,  664 
Copprrac,  5J1 
CoprDll)«i,  444 
Comuh  •(one,  470 
CorroalTc  lubllnuw,  69G 
ComBdiun,  46a 

,.  a  tnurn  of  ■liiininum,  4J8 

Cr^itUUiution,  influence  of  liifht  on,  815 
CuUfV  j/i 
Cubic  nitnv  jSi 
CuptlLulaaMgold,  T,^ 
„        of  bad,  6j<. 

.,  ofiUT*!^   JI4 

Cu|>rmninoi>iuin,  660 
Oaprvoui  tklu.  664 
Cuprie  nlu,  6G4 
OumDcalKDiC;.  SilS 
Cyamolid,  174 
CyanaW*,  174 
(^nidM,  171 
CyNntW,  471 
C^wiogsn,  16$ 

„       biomiib  and  iodide  of,  37; 

,,       «b1nrid«i«f,  *J7 

„        UqnofacUoD  of,  i63 


DjMiiiauiioTTrK,  33  S 

Daeay  of  liuil<lin)^  ittona)  cauata  of,  443 

l>»cinial  wiluliun  of  nit,  71^  Jai 

„      wilution  of  idlvari  71* 
DeSagratiou,  jGo 
DiiliiiucwvDoc,  34 
Dtoxuliiing  iaflucaoa  ofliirht,  S18 
DDvolopmont  »f  pbol«g7M>li[o  lioan,  811, 

Derllln'*  )lnia  furnao*,  747 
Davit rification  uf  {{bm,  i^7 
Uiatnoad,  60 

ty      OMnrmvion  of,  into  grapbit*  bgr 
Tolcaioaro,  61 

Vmaiam.  466 
WoiW  47i 
Dljilatliianiint^  41S,  7;4 
DiplatuttniDV,  41S,  754 
DiaplBocmant,  ooUacttutorpHa  bf,  41,  g  1 
DiMbana,  471 
I>iatUI«d  traur,  }» 
IMimXn,  4T3 
DalonLilc.  449 

Double  <lxa|iltnt:i>i  ddl  for  alastfolyab,  S03 
Druiii(ii»ii<l,  »r  iiinM  lisbt,  48 
UuotiUty,  lyi 

Duma*,  ■ynthoMa  of  watar,  •fi 
Ihitch  lii(uid,  147 
„     liquid,  chliriiuitod  dorivatliTM  of, 
149 
Dykot  in  luintDg,  301 

Eahtiikxwabi,  475 

KWumcirnoF.  34 

bllixticitv,  influcnot  t>f,  OH  aSni^,  773 

Eiayl  I'OoBuit  1,-wi.  144 

Elootrio  oalatnitm,  41)4 

BlooLrical  onilwni'wf,  Seo 

„       tbaory  oEcbsmical  affinity,  8i| 
Blootriclly,  iiiHiipoov  of,  on  alfiitity,  Soo 
BlBOttu-obemioal  tbcOIJ,  StJ 
ElMtiQ-gildino;  814 
El«CCrolyna  lOmlvk,  do  1 

„         of  lalta,  lyAlmcida'a  Mti«ri* 

„         wKkiiiiUry  rtaalta  of,  8io>  8ll 
Eltclnilytw,  obuaiOoatioii  o^  Sod 
KlmtroplatW.  61 1 
£lntro(yp^gi8 
£l«etiovMlion,  809 
ElMtrMnadnic,  Hit 

RlBiDcnu,  j^nwral  amngnDCiitof,  9,  S9<) 
Ein>>nl<l,  481 
Knicry,  46a 
Bn»'u«l,  491 

Endeawoau^  elootriud,  809 
^wn  aalta,  44S 
E(|tii«alant   diflun  fniRi   atomic  WBiKht 
<"o'rt.  J 

„        nuinbarat  Low  d«Mniunad>  $4^ 
KrfciA,  4S6 

Etohintt  ou  jclan,  ■4y 
Ethii>p  ■  miiiaral,  6{)3 
Ethylene,  1*4 

„        bibromidc  of,  ijo 
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Ethylene,  bichloride  of,  if  7 
,,  biDitidid«  of,  ijo 

Eudiomeler,  CaveodUh'a,  4J 
„  e^phoD,  44 

Fahlbbi,  658 

Fftulla  in  mining,  301 

Felapar,  471 

FeroligiBW,  518,  J44 

Fermmlktiaaa,  791 

Ferrtto*,  547 

Ferrocjuiide  of  polasaimn,  a  eouroa  of 

carbonic  oiida,  75 
FarToojuiogeD,  179 
Filtering  pftper,  Mbea  of,  457 
Filtration,  precautioD*,  4115 
Fire  cUj,  469 

,,   d»mp,  s",  »5* 
Fixed  ur,  or  carbonic  aold,  51 

„     lina  ia  phobigraphic  apectre,  S4I 
FiiinfT  of  piiotognphi,  831,  835,  835 
FbuBe,  ligbt  from,  156 
„      nature  of;  155 
„      of  blowpipe,  yidfiting  i>nd  raduc- 

Flaor-ipar,  430        "a 

Flaoreacence    lad  .coBmical   aotioDi    of 

Bpectrum,  ^3       "    ^    » 
Fluarideg,  149,  318 
Fluorine,  146 

„       determination  of  its  combiDiDg 
number,  ijo 
Fly-powder  (ar»eniciJ),  616 
Fonniato    of    ninmouis    converted    into 

piuaeic  acid,  1 70 
Fonnulffl,  empirical  and  rational,  7 
Fowler's  aolutiun  of  otseoic,  617 
Franlilinite,  546 
French  cbiilk,  450 
Friction  tubes,  366 
Froth  of  lend,  67* 
Fuller's  earth,  471 
Fulminating  gold,  741 

sUver,  174,  ;i5 
FuBcobaltta,  joi 
Fusible  metal,  397,  643 

Gadounite,  485 
Gahnite,  460 
Galena,  6;8 

Galvanic  test  for  arsenic.  Gig 
Galvanized  iron,  491 
Galvano-plaaticB,  818 
Garnet,  473 

Gases,  actioD  ef  spon^  platinum  on  mix- 
tures of,  789 

,,       diHCriminatioD  of,  379 
Ga:4  pipette,  54 
Gay-LuBiiite,  440 
Gerhardt'a  notation,  8S5 
Uenunn  silver,  509 
Gibbaite,  468 
Gilding,  736 
GUctaT  phoepboric  oc'id,  lO^ 

„       aulpbutic  acid,  \1o 
Glass,  393 


Glass,  Bohenuan,  394 

„     bottle,  397 

„    colDured,  400 

„     crown,  39s 

„    devitrification  of,  397 

„     diaintegtalion  of,  401 

„     Faradaj's  optical,  399 

„     flint,  398 

„     Guinand's,  399 

„    gall,  396 

„     iiregular  deiuitj  of,  39S 

„    optical,  399 

»     plat*,  395 

„     propertiBB  of,  4OI 

„     auluble,  393 

„     table  of  cotnpoBitum,  304 

,,     window,  396 
Glaubetite,  380,  439 
Glauber's  salts,  377 
GlamDg  earthenware.  479 

,,        iron  pota,  4O3 
Otucina,  salts  of,  481 
Gludnum,  481 
Gneiaa,  471 
Gold  aJloja,  738 

„    amalgam,  737 

„     aaaay  of,  739 

,,    bisulphide  of,  743 

,,    bromidea  of,  ^44 
chlorides  of,  743 
eatimation  of,  745 
fine,  preparation  of,  735 
finely  divided,  744 
fulminatJEig,  74' 
iodidea  of,  744 

'"f.  734 

oxidcti  of,  741 

propprtiL-a  of.  735 

tests  for,  745 
_    waahing,  734 
Graduation  of  brine,  376 
Grain  tin,  587 
Granite,  471 

Graphite,  or  plumbago,  61 
Orapbon,  graphio  acid  (lute),  IJ3 
Greenockitc,  495 
Greenstone,  473 
Green  vitriol,  551 
Grey  antimony  ore,  637 

„     copper  ore,  ^58 
Groa's  aalts  of  platinum,  753 
Guano,  ammonia,  detenninatioa  of,  t 
Gun-metal,  jpi 
Gunpowder,  361 
Gypsum,  437 

Hjimatitb,  518 

Ualloysite,  471 

Halogena,  thuir  natural  relations,  14; 

Haloid  Halts,  331 

Hard  and  soft  water,  37 

Hartaliom,  98 

HMU-mannile,  578 


Dbknd*,  tj» 
Ir>t-lil]ui  imn,  ji^ 
HaiulmldliU,  fjj 

UyilrnoiiU,  J30 
Hjilnle*.  34 

HjdnuHo  Umoa,  4J1 
Hjilride  of  nulliji  (Alanli  ipi»),  igi 
U/dride*  of  the  iiiritAlx,  .iiij 
n  j<cltiMli4a  ofplimphiirott«l  lijdrogm,  1 1 3 
Hvdriwliu  (oiil,  14D 

Hj><Ir<»;liIipriG  aKid.  utjonifon  oiMea,  1 13 
„  common  inifxirl lie*  of,  1 13 

„  ■trangth  of  aolutluu,  iij 

Hydrocjuio  aclil.  tMU  fur,  i-i 
Hydrogen,  .19 

„         biiioiirlv  of.  '140 

iiii]KiialHii\iiid>i'fin  burning,  45 
pfviiilpliifle  at.  tSG 
prF]nrsliua  of,  .^{) 
phcxphidn  of,  11  j 
pMptrliei  of,  4i 
punDc^liuii  uf,  4T,  4(1 
IfdroiulphiUct,  184 
chlnritni.  1 1 9 
phnxpliitn,  413 

jrpoiutpbitMi  i;^ 

LANu  fpar,  439 
opnuf,  473 
llmonluni.  603 
I[ii[jr>ivmt(  iif  l><ad,  66^ 
liieiuutli-»,  [•h"(ii'diamu»),  $s6 
liLiliHEi  HtT.  611 

liicL-fcUl,   143 

Iodides,  ifr 

gcncnl  prapcrUu  of^  317 
no,  137 

lironiUlin  uf,  144 
chluridm  of.  144 
Mtimstion  uf,  317 
t«ala  for,  r.io 
qual  traiu&r  of,  8e3 

oiiJ«  of,  769 
mlwof.  770 
Jnn,  union  uf  air  *m!  water  on,  54 1 
jJlOJTB  of,  t4J 

alum,  SJ3 

■amtnonio  chlnridc  of,  551 

ftnnunl  pnxluatiDD  of  i'toti),  516 

tar,  ;40 

hlnvk  oildcof.  547 

broniidtiA  uf,  551 

«*rl)iiiial*  nf,  JJ4 

«ut,  *».Tipti» of,  ji8 

chJoridui  nf,  551 

Mid  ihort,  533 

aatimatioQ  of,  55S 

NUmatlon  of  by  pormanguiitto  of 

poluiili,  f  60 
(Wlidintioii   of,    by   bichromate  of 

V^i^M  M*juluju'(l«  of,  US 


Irtm,  lodlil*  of,  551 

„  IiitB,  549 

„  niiliv(i,jij 

„  nitraiiMor,  5(4 

„  DxnlntcBof,  5jf 

„  oiyphlorideof,  jfi 

„  pauivs  ttato  of,  54) 

„  penulpbate  of,  j  jj 

„  pliotptutlm  of,  jjlS 

„  {irotijiida  of,  J43 

,,  pUfi',  iirtpnralioB  of,  539 

„  I'jnWa,  J49 

,,  ml  tliort,  J48 

,,  rrsiii,  ffj 

,.  riut,  i^i 

„  •cpMKlion  of,  aniktjtlcally,  gS7 

„  ■eaquioxltle  of,  ^4 

„  itllcatMuf.  jj6 

,,     HiLHi^Lin;; »r,  590 

„    nubpliMpliiJnof,  f  JO 

„     tiul|)hnt*o£  f5i 

,,     lulpludnof,  £4$ 

„     taala  [or,  $;$ 

„     tuiniot^   docompiMttiMi  of    water 
bj,  4a 

„    wrOTijhl,  S3) 
Inanna,  Aoo 
Iiiiiin(iri«n,  i;j 
Iniiiiiurphisiii,  aid  in  &Kiiig  vquivalmit*. 

St  7 
IiMiaorplioui  oompoutidi,  uotMioa  at,  345 

Juoxm'n  nnoiio  bumor  (nolc),  6j 

Ka9ik'!I  aniido^ion  Uitory,  417 

Kaiiliii.  47a 

KtJp.  137.  3S6    , 

K«rm««  iiiirieral,  638 

Krila*  (olav  (Ute),  646 

Kin^i  yellow,  6)t 

KoUinooi  diamond,  0Utl)ll2  of  {"off),  A^ 

Kupfcraiolcel,  (ta 

J,AiiRArponm;,  ^7l 

Xri^  HLLljlljIirJH,    iH/l 

LahpK  (of  culuur),  4G1 

LanipbLiok,  &j 

Lintlinnum,  4S1S 

Lupii  luuli,  4  So 

LnUnt  pliotogrii[ibic  iinagt^  831,  83J 

LHiijfhiiiu  go*,  Kg 

l^iiliU,  iM 

Uwl.  66; 

„     aotioD  of  air  and  water  on,  Cjl 

„     alloy*  of,  674 

,,      boruloof,  683 

„      onrlnnnteuf.  GS3 

„     cblirido  of.  679 

„     chlaruphoapliale  oC  683 

„     eliliirmalpJilcl«  of,  ote 

,,      GltrtmiHlR4  of,  t.^ 

„      dwilmriiii!  iil",  fifio 

,,      otmiiilioo  of,  6&0 

„      ftoi>ni\i:  at,  Ws* 


Lend,  matt  {(abnlphide),  678 

„      nitrahaot  081 

„     citrilaof,  681 

, ,      oijdiloridei  of,  680 

„      oxyiodidauf,  680 

„      pcToddeof,  6;7 

„      piwiplutemof,  681 

„     pjrrophonu  dC  771 

„     ailicitteaof,  68 j 

„     niieltiiig,  668 

„      lalpbate  of,  680 

„     ■nlphiiles  of,  676 

„      lolphttcof,  661 

„     lena  for,  68s 
Lepidolil^  +o«,  473 
licbig*!  potuh  bulb*,  30 
Ligbt  and  plaota  deconipoae  csrboDic  add, 

S9 

„     kUod  ot,  OQ  chlorine  and  hydrogen, 
816 

„     hlaoching  of   vegaUbtes  exclnded 
from,  8j8 

„     chemical  action  or,  8ij 

„    deposition  ot  vapour,  InflueDce  on, 
81s 

„     influence  of,  on  crjBtalliiatiDn,  835 

„     influence  of,  on  vegetation,  818 

„      reduning  inQuimce  of,  828 

,,     carburetted  Ljilrogea,  i£i 
Lime,  419 

,,      borate  of,  445 

„       carbonate 'if,  440 

,,      chloride  of,  no 

„       eatimation  of.  445 

„       hjidraulic,  431 

„      nitrate  of,  439 

„      or  Dnimmoii^  'ig''^  4^ 

,,       rich  and  p<ior,  431 

„      slaked,  419 

„     eulphaie  of,  437 

,,      testx  for,  445 

„       DBe  aH  manure,  434 
Limekiln,  439 
Limeatoneg,  vuiietiea  of,  431 
Limswatar,  430 
Liquation,  71 1 
Liquor  potniBEe,  353 
Litharge,  67; 
Licbia,  saltd  o£  405 
Lithium,  4 04 

„        teata  for.  406 
liver  of  Hulphur,  3j; 
Liiiviati>in,  384 
Loadstone,  518,  J46 
Loani,  471 

Lodes,  or  mineral  veins,  301 
Lucifur  matches,  loi 
Lunar  caustic,  731 
Luteocel>altia,  503 

Maoibthal,  709 
Magnesia,  447 

„         alba,  449 

„        bonUot,  4(0 

, ,         carbonMe  oF,  \^li 

„         eaUmatton  ot,  \n 


Bb^^Doaia,  nhntoof,  44B 

pboapbiUeac^  450 
„        ailicatei  of,  45a 
„         nilphate  oC  44S 

MagDcnaa  lime«t«■M^  443 

Magw«il«,449 

MapMaum,  446 

„  chloride  of,  447 

„  aalpliideof;  447 

„  (eMi  for,  451 

Hagnu'  green  lalt  of  pi^tiniTj  75J 

MaLchita,  663 

Ualleability  of  matab,  ij|l 

Uanganalei,  579 

M»iiB"o<o.  575 

„         black  oiide  of,  577 

,,         black  oxide,  Msay  of,  j;j 

„         blackojudeo^  jieldi oijgo, 

15 

„  blende,  ;8i 

„  caibooate  o^  583 

„  diloridei  oC  58  ■ 

„  estimation  of,  3S4 

„  floorideBof^  581 

„  ifomorphou*  relationaod^  5I4 

„  oiidei  of,  576 

„  i^oxideof^  57S 

„  aeparatioo  from  other  metik, 

!«4 
„  sulphate  of,  581 

,,  Bulpbideof,  581 

tests  for,  583 
Manganlte,  £76 
MargueritCc's  process  for  eatimattng  iroo, 

s6o 
Marble,  439 
Marl.  471 
Marking  ink,  731 

Marsh  ga«  (hydride  of  methyl),  151 
Marsh's  teat  for  arsenic,  616 
Massicot,  C175 

Maas,  experiments  of  Bunaen  on  affiniti', 
787 
„     experimenta  of  Debua  on  affiutj, 

785 
„      Gladstone's  eiperimenti  on  affinilj, 

783 
„      influence  of  on  affinity,  781 
Mastic  Dbil,  676 
Medals,  b;  comcreasion,  188 
Meilala.  eltvtrotype,  Sao 
Meerschaum,  4,^0 
Menaccanihi,  600 
Mercuramine,  693 
Mercury,  687 

,,  aniinoniacal  conipoundsof,7oci 

„         bmmides  of,  70a 
,,        chlorides  of,  694 
„         estimation  of,  704 
„         extraction  of,  688 
„        iodides  of.  700 
,,        nitratesof,  701 
„        nitric  oxide  of,  691 
,  „        -BArAtu^, -,11 
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Untioo  of,  6S^ 

Nittol,  owlianitMad',  511 

Mtaot,  693 

„      eUoridoof^  311 

„      glaMto.  $10 

tar,  71OJ 

„       enlJoiof;  f  10 

m.  Sit 

„      Mviuuiiijii  fraiii  oobJt,  49},  511 
„      aulplMta  of,  5 1 1 

nt,  uR  Mwl>,  81 

„      Milphiddiof,  s>o 

iSKtinn  of,  J06 

„       U(i*far,  jii 

o<  »89 

NioUum  lootonibiam).  60$ 

kin  of,  In  iiktUT*.  498 

Xltralc  aThmi,  iijauapmtian  of.  hj  hsM,  96 

\\y  i4,  191 

KEtnU  of   pala*b,   •ctbn  of  ■■Ipltune 

(viKlii  of,  »95 

Mill  ou.  Si 

Mi  et,  >^u 

ibilit J  >lid  diiolility  of,  t^i 

NitntM,  tA 

Nitn)  pUiitaltDn*.  Jjp 

''J" 

Nitric  uid,  ita  aotinn  upon  the  meUb,  Hi 

■ntartbrncf,  iS9 

„          uvhydroiu,  84 

„          Minaoii  unpnritiM  nf,  M 

e  gnvlty  «f,  194 

„          optliiuticin  of  (mU),  87 

tJroC  190 

„          moualiidnU  of,  Di 
„          (Ublo  Wilmo  of,  93 
„          ubia  ofVlraD)^  ot,  84 

Illy  of,  195 
•73 

Sw,  fijj 

l4«(*  br,  87 

«■■  109 

Nitno  iMitiv<triila,  8« 

M,  610 

Mitri'lta.  jaS 

NilTi(a>.94 

MltragcB,  biiulphide  et,  199 

tU.414 

„         bromide  of,  rjA 

,,        chMdc of,  tjg                          ' 

430 

„         d*uCoiid«  of,  91 

d«m,  <J9 

„         inliil*  of,  I44 

,«i 

„        (wroiidv  of,  is 
„        prapknlioD  «.  m 

JOO 

KJ6 

lun*.  301 

„        propotiM  of,  15 

,,          prntoxldcof,  89 

ingor.Ml.  J'* 

Nitranulplmlsi,  iSo                                    \ 

) 

NiUont  oUdi^  Sa 

iiltts^     lUoanuiantiaD  «t. 

NoniaD<iLuur«v  olMmiml,  t 

iio 

H             of  muUmiIhH^,  4,  s 

li)u«,  S90 

„            ofbiiuwry  eomponnib,  1 

»i 

„             of  muttjplo  conpousd^  3 

«03 

NonlliaiiMn  (ulphiuic  add,  170 

MiMmvt,6o6 

Norium,  4^3 

«xldMof,  604 

MlpbUM  of.  «oG 

OwiDUSi,  473 

MM  lor,  to; 

Oohrn,  471,  518 

I 

[ 

lwiU<V  431 

wn  of,  on  •flnlty,  793 

Ip*.  ify 

|MD»ii,  Doni«id»tiir«  of,  3 


Oil  EM  (UrtrjUn*),  *<il 
Uil  <'f  vitriol.  168 
Olvemil  ^lu.  144 
Olivine,  450 
OulHo*,  44* 

OM  »t3      , 
On*  of  nioDui,  199 
Or|oiTi*nl,  630 
OrUinoikM,  4;  1 
Oimiuin.  vxtraotion  of,  ;M 
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nlU  of,                                       ^^^H 

0«>li«  Mid,  dMovapoiltlijM  of  by  islpbarlo       ^^H 

».  *JS 

•rad.  7;                                                     ^H 

1.  »V9 

OmUU^  9<i4                                                      ^H 

OlidalluK  Ihiino,  Ijo                                        ^^H 

OlIilMioii  In  tloHralrifa  (Koil^l  81J      ^^^H 

of  hmbI*,   htMred  t>r  M«la^^^^| 

»35 

».  otiUnafji  iinpuritiM  of,  34 

■  orbbdie*,  8>3 
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Oxidoi,  ftl*otral;risofoaoipla(,  S08          ^^^^H 

U(Mpha,  Kjo 

* 
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Oiidea  oT  metalB,  decomponUon  of,  317 
„  „        genenlpropertieaof,  314 

„  ,,         prepuktioQ  of,  316 

„      Tftrietics  of,  1 1 

OijchloriJen,  314,  344 

Oijcobaltia,  joa 

Oij^dB,  330 

Oxygen  atMorbed  bj  pjrogtl&i  add  mai 
potaBh  (noK),  SJ 
„       estimation  of,  in  oiidei,  319 
„       bow  reatored  Ui  lie  air,  jg 
„      and  hydrooen,  explosion  ol,  45 
„      extensive  distriliutiuD  of,  11 
„       properties  and  prepaisUoD  ol^  14 

Oiyhydrogeo  blowpipe,  47 

OijsalM,  331 

Oiuae,   destroyed   by  heat,   by  electrio 
apark,  «,  J4 
„       how  obtained,  11 
„      pouible  preeraice  in  atmoephere,  15 

PACKrOKO,  5o<} 

Poiating  on  chioa,  47S 
„         glaw,  401 

FalladomiDe,  760 

PaJladiuni,  758 

„         cyanide  of,  760 

„  oxide*  and  salts  of,  759 

„         tests  for,  761 

Parocyanogen,  a;G 

Paraeulpliatauinioi],  407 

Parting,  738 

PaaBiTe  state  nf  metals  in  citrio  acid,  541 

Paijte  (for  mock  jewelx),  400 

Pattinfwn'H  desilvering  proceSB,  66g 

Peacock  i>re,  (1:8 

Pfarliwh,  ^Ofi 

Pear]  wljitt,  '"t45 

Pognintite,  470 

Pelc.]iiutli.  fio3 

Pel  Ilia neiit  ivljite  (baryta  sulphate),  424 

I'crTliangiiiiateB,  -iSo 

J^erHuJpliide  of  bydrojen,  1S6 

PfUiUtc,  404,  471 

J*t:tiin1zti,  47r 

I'liHter,  f<)a 

Vhini^i^iic  gna  (iPKvchlorideof  carboul,  131 

I'honphiUiude,  2  iS 

Plio^phiites,  Jo'i 

PhiispliatcH  of  lime.  444 

Plic^pliide  ol  liy<li^'tl^'^i  liquid,  ^14 

,,  I,  solid,  11-; 

Phnnphiiiea,  3;^! 
]'ho^pliit<.'«.  3io 

J'hosikhoiiioiybdate  of  a<.»c!a,  419.  603 
Pb.i.splioritc,  4+4 
I'lioHjilioric  acid,  Myntberiis  of,  104 

I'liOrtJllllprUrl,    ly^ 

,,  nllntmpio  foniis  fif,  100 

,,  iiiniixliilu  of,  1\J 

„  bnuiiiilcB  'if,  117 

„  B'^iup,    tbtir    uatural    rela- 

tiims,  iji 
,,  lumiuofiity     of,     liow     pre- 

vented, 199 
„  oiide  of,  113 


Phospbonu,  myehloriile  of,  iiiS 
„  pentaehloride  e(  iii 

„  sulpbidBi  of,  iig 

„  ■ulphoeUoridei^  III 

„  terchloridc  of^  116 

„  tenodideo^  tiS 

Pbophutetted  bydrogcD,  113 

Photogenic  drawing,  819 

Photograpbio  printing,  Sjo 

Photography  on  colloiliao,  833 

Photo- litbogiapbj,  SjJ 

PicroBraioe,  450 

PMt  colour,  565 
„    ealt,  597 

Pipeciay,  470 

Pitcoal,  64 

Pitchblende,  513 

Plaster  of  Paris,  43S 

Plate  Bulphate  of  potash,  j3l 

Plalinamine,  41S,  754 

FlaUnicum  (nott),  756 

Flatinocblorides,  711 

Platinoflum  [note),  7^6 

Plating,  7 1 1 

FlatinuiD,  745 

„         alloys  of,  7S0 

„  ammoniacal  deri»atini<' 

„        bibromids  of,  7JJ 

„        black,  749 

„  bichloride  of,  751 

„         condensation  i^  gases  bj, 

789 
„         extraction  of,  ^^6 
,,         ful  mi  Elating,  756 
„         iiitral*;  ■,'f,  7:6 
„         orea,  extraction  of  meUb 

,,  o\idei(iPt,  751 

,,  prii|iorli>^s  of,  74I 

,,  pr'itoclil'iride  of,  7,-1 

,,  scpar:tti[iii  fmiu  iriLiiuij:, 

,,  ai'ou-y.  746 

„  sul]>iiine  of,  7,';6 
,,  suliiliidwor,  ;:  r 
,,  Burfrtce  .'icLiun  of,  jy* 

,,         IfsLH  f.ir.  7=7 
Pbitosamiue,  41S.  ;5_5 
Pluniii:i>,"o.  or  i^,*pbitc,  6j 
I'lumb.iU'i,  6-S 
I'lvini^er'H  ^uMcr,  490 
Politi.y  of  uo,p]n-r,  fii  I 
l'o!vb:i-ic  elctirdyles,  S06 
Poly  hall  itc.  4.(9 

Poh'nieric  biKiici*,  what,  243,  175 
Purtelaiii,  Rtf.iuniurs.  .;97 

,,  vai'ietics  of,  474,  47^ 

Porjiiiyry,  47: 
Po,',iiivc  photoi^TjipbH,  S^^ 
Pot  metal,  ft 75 

I'uUiaJi  and  tod:i,  estimation  (^  *S* 
,,       hicnrlioiiAie  ot  J71 
,,       bichromate  of,  jfij 
„      bisuljihaic  lit,  iiS 
„      carlioiiate  of,  366 
„      chlorate  of,  itj,  jtij 
„      oauHlic,  3SI  ' 
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.tion  of,  373,  tsj 

of.  3SB 

of.  36s 

inite  of,  135,  366 

[)■,  table  of  denuty,  353 

I  "f,  3S4 
W  of,  357 
mnta  of,  568 


imida  of,  3j6 
□ride  of.  356 
riwyanide  of,  167 
oride  of,  357 
lida  of,  3S7 
iparalioD  oil  349 
oufluorida  of,  3J7 
phidea  of,  355 
niide  of,  35 1 
"  for.  373 

irotb,  6 39 
iubing  of,  455 

ence  of,  on  affinity,  776 
etched  Dag«en«otype,  84 1 
77 

"I,  53" 
,na,  365 

473 

HUB,  744 

tia.  50' 
S93 
P 
id,    for  abeorbing  oxygen 

J 

■on),  771 

ilpbide  ofpotMaium),  355 
irtrate  of  lead),  771 
M,  107 

■lication  of,  to  photo^psphj. 


f  gold,  738 

> 

ilinum  bases,  753,  755 


"colain,  397 
ore,  637 

n.  100 

iij^raphio  effeota  of,  S45 
7'7 
^^,  JS9 
irei,  303 

"•5'9    .     , 
for  arsfme,  oif 

imbMM,  753,754 


Bespiration,  a  alov  conibiutioD,  M 

Itoverberatury  furoaoe,  307 

BbodiuiD,  760 

,,         oiidea  and  atlta  of,  763 
„        lodio-chloride  o^  763 
„        taat*  for,  763 

BiamaD's  graea,  500 

Ri»er  waler,  37 

Koasting  of  oreB,  307 

Rock  cryttal,  113 
.,     Hit,  .171} 

ItocliB,  seidimeutan  aod  igneoui,  30a 

Goseocbtomia,  566 
„    coballia,  50I 

Kouge,  J44 

Ruby,  460 

Rupert's  drops,  401 

Rut  be  Ilium,  7^4 

Rutile,  600 

Sa?btt  bunp,  sj) 
Sal  atembroth,  697 
„  ammoDtac,  41 1 
„  eaixuiD,  358 
,,  prunella,  360 
Salt  cake,  380 
„  ofaoirel  (binciinlate  of  potash),  165 
Saltpetre,  refining  of,  361 
Salts,  acid,  339 

„     basic,  343 

„     binary  theory  of,  331 

„        „  „  objeotioM  W,  334 

„    double,  34 1 

„     electrical  decompositioii  of,  801 

,,    haloid,  331 

,,     mutual  action  of,  in  iiolution,  778 

„     normal  (neuttal),  336 

,,     of  sesquioiides,  338 

„     ofCin,  ,i(g6 
Sandiier,  306 
Sapphire,  460 
Sclieelti^H  gTeen,6i8 
Bchedlite,  607 
Solilicb,  305 
Schlippe's  salt,  638 
Schweinfurt  green,  618 
Schlol,  376 
Sea  water,  37 
Seleniates,  193 
Selcniden,  333 

Selenite,  (sulpbate  of  Hme)  437 
Sttenites,  tgi 
Selenium,  190 

SeleniurettcKl  hydrogen,  193 
Sbear steel,  537 
Shot,  f.7  ^ 
Sarpnitine^  450 
Silica,  32  3 

„      nolutions  of,  136 

,,       kytlraCes  of,  313 
Silicates,  3 16 
Silicoflooridea,  133 
Silicon,  110 

„        amorphotu,  no 

„         aoalogiefl  of,  119 

„        bromide  ot,»}t 
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Slieon,  dilocide  of;  139 

„  orjBMlliiie,  111 

„  fluoride  of,  Ji* 

„  gnphitoid,  110 

„  bjiindg  of,  3lS 

„  hydnted  proloxids  of^  137 

„  bydrochlonite   of   protochloride, 

„        nitride  of,  sag 
„        aulphide  of,  119 
SiWer,  705 

„      acetonitnte  of,  83s 

„      kllojao^  713 

„      kromanu-Ditnte  of,  014 

„      uw;  o(,  by  oapelUtion,  714 

„      uw;  o^  by  bumid  proceas,  717 

y      bromide  of,  7)9 

„      ohlorides  oC  717 

„       eatimiktion  of,  733 

„      aitiKlion  of,   bj  kmklgHiutiaii, 

Amerio*!]  proceaa,  709 
„      eicnction  of,  Auguilin  >  proeen, 

note,  709 
„      eitraction  of,  Zioirogel'i  prooeM, 

BoW,   709 

„      extmcUou  of,  Freyberg   proooM, 
707 

„      fine.  pTepantioDof,  733 

„       floorideof,  719 

„      fulmiiiBte  of,  174 

„      fulminating,  715 

„      glance,  7J6 

„      iodide  of,  719 

„       liqURtion  from  copper,  71 1 

„      nitrate  of,  730 

„      oxides  of,  714 

„       peroiiiie  of,  716 

„       phoaphntea  of,  731 

„       atandard,  713 

„       sulphate  of.  730 

„      suli'bide  of,  716 

„      tent*  for,  73a 
Silvering,  711 

„         of  m'lTore,  591 
„         on  glisi,  711 
S1<«B,  309 

Slate,  varieties  of,  473 
Slip  (in  pottery),  476 
Slow  combustions,  799 
Smalt,  499 

Smelting  of  copper,  648 
„         ofiron.flio 
„         of  lead,  667 
SoapBtone,  4J0 
Soap  test  (Clsj-k's),  44! 
Soda,  374 

„    ash,  385 

„      bicarbonate  of,  387 

„     bimetal! li moil iate  of,  636 

„      bieuljjiiate  of,  381 

,,     bisulpliite  of,  381 

„    borates  of,  389 

„     carbonatu  of,  381 

,,     hjposulph'itiB  of,  lis 

„     phospbates  ol,  iftft 

„     pboaphomo\jM»»  ot,  ^^9 


Soda,  leaqoicartioDsta  ot,  38S 
,,     silicates  of,  391 
,,     sulphate  of,  377 
„     saljdiite  of^  3S1 
,,     water,  31 
Sodinro,  373 

„  bromide  of,  377 

„        chloride  of,  375 
„        iodide  of,  377 
„        (aide*  of,  374 
„         sulphide*  of,  375 
„        lulphiunide  ol,  804 
,,        tests  for,  403 
Solder,  plumber's,  590 
Solution,  influi'Dce  of,  on  aflinitr, 
Smoke,  consumption  of  {note),  64 
Spathic  iron,  5 1 8 

Spectrum,  photographic  powers  of, 
„  opporiU    photographic 

of  it4  Vwo  exlrenijtiea 
Specific  electricity  of  etemenU,  81 
Specific  heat,  aid  in  fixing  equivalci 
Specular  iron  ore,  518 
Speoiilum  metal,  590 
Speias,  499,  508 
Spelter  (or  one),  487 
Spinelle,  460 
Spodumeue,  404 
Spring  water,  34 
Stalactites,  440 
Stamping  mill,  30 j 
Stannal^B,  594 
Steatite,  450 
Sl«l,  i3S 

,,     tampering  of,  538 
Slereochromy,  391 
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ANATOMY,  DESCRIPTIVE  AND  SURGl 


BY  HENTIY  GRAY,  F-RJS. 

LEcrntKB  oir  axxtout  at  n.  aKoios's  noertTAi. 

llliMmUJ  bu  363  Uiye  Wo^ltmU,  from  Orifi^tt  Drvttiiigi,  Ay 

B.  V.  C(uu,  M.D.,  hu  DramiMbmtur«(  AnatomjittSt.  Omtsa'*  Uoi^til- 

Tht  Illmtntioiu  ue  ohleBr  rrom  UinecUun*  awl*  Jaiatljr  hf  ih«  Aullior  aod  Dt. 


i 


THIS  WORK  id  ititoiiiieil  to  ruroUb  tlw  Stwlent  and  Pntctitioiut 
as  luwurMe  view  nf  the  Anatomy  <J  tlia  Uuinwi  Bud]*-  '^^  nan  f  lii 
ippliMttiiin  dT  iliia  aciciico  to  I^ctiml  Surgiry. 

One  of  the  chirf  objecU  of  tliH  nuUior  h»*  been  to  Inducf  tlio  iiadeDt  to  ■) 
MuUaniciil  knmlolge  to  tfa«  mn**  pnulkaJ  fuioU  in  SsniDrj.  lij  liilniiluciiii;.  Ii 
'type,  Uiidcr  «*cli  of  Lbe  fullawuig  4Ub')ivi(ioua,  tuoh  ubMrv«tiuna  -.tt  ^uv  iLn  ubm 
•0  MOOMto  htiowledxe  of  the  p»n  under  exoiuiiutioD. 

OanOLVOT.— Umih  time  lud  cu«  b**B  b*«n  dwratad  lo  tlilaf|*n  of  lb*  w( 
Insi*  of  aimtomli!*]  Icnnwlodgo.  It  tonlaiiiH  >  oaniiw  lUMiriiAl^u  a  Um  nnnioai} 
Inuim,  illuittntal  by  Nbety-eiabt  Woodcut*,  nofuralely  bltvrvd,  kliiiwing  tli* 
■nftrkinin  and  procuwi  on  ciwli  bono.  Tbs  niuphment  of  th«  cnu*ila*  ia  rii 
dotltil  ilnoi^  eopiud  iii  oiuib  cm*  trom  neaut  diHaotimu.  The  *ninihik>iM  at  mi 
kTc  •bowu  utt  ■  nnw  |ilan.  Mil  ■  uiilhixl  lum  lava  luloplcd  by  Bkiah  tlis  hUiKtO 
GMmI  account  of  tlie  (Ivvrluimiiftil  uf  lliv  Ihiiiuh  til  iiitulo  more  tluple.  ^k 

Tu«  Amicni.AtiiHi*.—  In  tlili  »rctliju  ihf  Tarioui  itfuplara)  funnlnc  tW  jo 
driorlbud,  k  vlmuilh-Ali'.-ii  of  Ihn  ji>uiU  in  ttivuii,  nnd  Ihe  ktulomr  of  tmca  CMW 
■i^nlu.-!!,  ilJuiituLud  hy  Thirty  WvkIchI*,  tii  of  whicli  ore  uktm  Rota,  ov  oomm 
rvofinl  tiinHxctiofiri, 

TiiK  Mi'Hi-its  xm  FjiBCt.K. — Ir  thb  KVtieiii  tho  muiicha  m  dracribed  tn  gn 
la  ordlimrv  nnstoiiiicil  works.  A  Mrin  iif  illonlntloM.  draKIBf  tha  UaM  •(' 
noeaiMu-y  in  lim  diwf«li<iii  uf  tlw  niu>rhM  iu  muli  nKi'ini  u*  luUoducvd,  mkI  IIm 
iLTii  ahiiKn  tn  Fifty-two  Wnnduuu.  The  mirKi'n!  aoAtoin^  of  Uio  wttadw  in  oo 
wiili  fnitturcBfOf  the  tebdani  or  muKlea  diiidt'd  iu  operation*,  ia  aW  dcMribwI « 
tratod. 

Tbb  Ak-Tuniin.— The  mum.  rvlalinni,  pooulikritisa,  Mnl  «»i[laU  wnitMvj 
■r1«t7  firr  dncritx^  in  thii  neiTtion,  toi;ollic:I  oil^  the  amttoniy  uf  Iba  nf^OM*  on 
the  arteriei  tnoip  MjHKially  ibtoIvoi)  in  lurgickl  optntMO*.  Thai  pan  of  die- 
iltiuubicd  by  Twunly  tevcn  Woodcuta. 

TSa  VniiB  are  doMvibed  aa  in  urdinniy  umbqnical  •rtnk*,  and  iJltutnU 
Mrin  of  Woodeuts,  ahovinit  thoav  in  mob  ngion.  The  niaa  ol  Uii>  apidi  at*  i 
aod  iiliirtrmtod  frcm  the  weU'kDown  votk  of  Bcoaehetv 

Th«  LvHrBAfic*  ajc  doKiibad,  and  figv*^  "^  ■  •>"*•  o(  iUnalntiODa  Mfi 
Um  elaliunite  work  of  UaacapiL 

Tun  Nickvoc*  Hn^ill  axd  0*<>av*  or  t^irn!.— A  oanolaauul  aecan>,ifA» 
of  thi*  imtioniiDt  u»rt  of  AoMomj  hu  b«eu  given,  nlinlnUil  b;  Saveaty-lwo  W 
■howinjt  tha  ipiDaJ  oca<d  ud  ita  laembraiiei^  the  anatamy  cf  tlut  hnin  in  a  mHb) 
tional  Ti«w«,  Uie  origin,  oounc,  uid  liiatrihutioii  of  Uia  viuiial,  npuiai  and  qr^ 
o"***,  »nd  the  anaiumy  of  Ihf  or^ani  of  scaae. 

The  Vi!iriin.t.— a  detaDpii  dHori|>tioD  of  tht)  roMntinl  pari  of  anMonj  1 
giiea,  itliislratvii  liy  Fifty  large  aocurKuly-letUTDd  Woodouta. 

RMiovAi.  ASAT»UT,_The  anali^ny  of  tlit<  |<trinn>nn,  ef  the  iaeWo-nctal 
and  of  Gtmoral  ami  inuuiiitil  hernia),  ii  dcacribcd  at  the  end  of  iLa  worlu  The  I 
the  netk.  the  aiili»,  the  btnd  o(  the  ullmw,  Searpa'a  triangle,  and  tlw  popUta 
in  the  leclloii  on  tiie  arteiici.  Tli*  lurj'iigtu-tnkclieal  mglon,  witL  llw  aoala^ 
tMcbua  and  luynx.     Tba  PEfiana  *r«  iUuitnitw]  by  •  Urg*  miMbor  of  Wovd«ata, 

MKBuatDncAi.  AHAronr.— A  brief  aoMHinl  of  t^  tnkrowopioal  anatomjr 
wT  tbo  tiaauox,  aod  of  tho  vailoot  oricana,  ba*  alao  b«*B  inlrodoced. 
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Jh  Oolava,  the  Firtt  Volamt  <^ 

SYSTEM    OF    SURGERY, 


TBEORETICAL  AND  PKACTICAL, 

WttlTTEM    BV   CIBIOC*  tVTHOBS.  ADD  XDITXD  BT 

T.  JIOLMES,  M.A.  Caktab. 


u  generally  adniMed  tbat  n  eoinpnh«Qaire  work,  which  ahoiild  pmbraM 
I  whole  science  nnd  pMctire  of  Surxcr^r,  ■■  it  U  underntood  in  tie  present 
%y  it)  Kngland,  bdU  ithti<h  should  in  nil  it*  parU  be  t)i«  pnndn^'t  of  indi- 
vidual rcstariJi  and  eij-uTicnoi?,  Biid  nol  a  iuitc  toenpilntion  from  tlwi  labours 
of  other  men,  liaii  long  bt-i'u  wantiitg  iu  tli«  EnKliali  ncboola.  With  n  view 
of  aupjilying  tliia  deficiency,  it  ban  been  propoaeJ  by  tlie  projuelort  of  tho 
prcnent  underlaliing  to  form  iuto  a  complete  undsjaU-mnlit  trpntiscnoollcction 
of  eMays  on  the  principal  topicH  of  surgery,  writtiJn  for  tlic  ino»t  part  by 
gentlemen  coonecled  wilb  tbo  lioitpilais  of  the  mvlropolis.  who  are  specially 
qnalified  from  predUeetioa  aud  previou*  rcaeareli  to  treat  of  the  <ubjoct« 
which  they  have  uudi-rtakeii,  ouJ  maoy  of  whom  aie  farournhly  Icdoicq  by 
former  works  on  Iheee  subjeels.  The  principal  euuset  niiich  liuve  ioti-rfcrcd 
with  the  (uecees  of  eueh  uudertakiuK*  liith«rto,  bave  been  tJi«  difficulty  nf 
obtaining  quolified  contributors,  and  the  leu^lb  of  time  over  which  the  pub- 
lication biu  been  altuwed  U>  extend.  It  ia  hoped  that  the  nubjomcd  lilt  will 
■bow  that  the  former  difficulty  haa  been  surmounted  —  tlie  latter  will  bo 
avoided  by  produciiiK  l'">  ^"0^  'i*  volumes  instead  of  Lumbon,  as  ban 
hitherto  been  customary,  at  as  sliort  inten-uls  as  potsiblp,  and  by  not  com- 
monoinK  the  publication  until  all  Ibe  matter  for  the  complete  work  is  almost 
ready  for  Iho  press.  When  Cnisiied,  if  il  uucceeds  in  its  object,  tt  nill  preiimt 
a  complete  and  impartial  view  of  Bntiali  Surgery,  ttte  (torn  the  biaa  of  any 
tebool,  or  the  prejudicen  of  any  individual ;  while  tbe  epooial  attention  of  the 
authors  harini;  been  drawn  to  their  several  subjecta,  my  athance  which  the 
rapid  iraprovemeut  of  turgical  knowledge  may  tutroduoe  into  tbem,  will  be 
registered  aud  kept  in  readineaE  for  future  editioDs. 

IlluBlralions  will  not  form  a  prominent  feature  in  the  work,  but  tliey  will 
be  provided  where  they  are  abaolulely  necessary  tor  the  foil  uuderatandiug  of 
•ny  subject. 

niore  aubjfcta  are  treated  of  wliidi  »re  common  tA%'ai^«r{  «&."**&»■ 
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Bejcnt  Smith.  Surgoon  to  thv  1iVt«tniin«t«s'  Geiwnil  IKtpMiMuy. 
Thuuab  Smith,  Domoiutnitor  of  Anatonij  at  St.  Bartlio1onM*'a  BoipitkL 
ThoKis  Tatiih,  Surv»np  to  St.  Geoi^gc*  Ho>pital. 
BtNBT  Titouriox,  AMifiUuit-Sui^vnn  to  Uoinnily  Cotlego  HoifiuJ. 
AldUCUilSE  Uhi,  SurgoM)  to  St.  MBry**  BiMpltaL 


LONDOH :  JOHN  W.  FABEKEL  AM>  SOS,  TS9X  6TBAKD,  W.C 


